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Introduction

When George Sarton wrote his History of sciences it became soon the
standard textbook with the integration between the so called  sciences and
a sciences. In his time the separation was already present but the divorce
with estrangement had not yet occurred.

Now about one century later we can no longer speak from a divorce but a
different world with a forceful apartheid being apparent. Just as apartheid
luckily never succeeded we still have the presence even nowadays of
research and technique from the opposing field in both scientific worlds.
The quest for human knowledge is permanent and in the 21th century a
unique stem still remains.

Based upon the mission of our university and to be faithful to the legacy of
George Sarton a very important alumnus of Gent University we are proud
to present here again the lectures of the Sarton Chair for the history of
sciences.

First we have two papers by Jens Hayrup about the importance of mathe-
matics in the history of human thought. The mayor importance of mathe-
matics even in the definition of baroque is certainly an eye opener. The
second paper approaches the necessity of mathematics for the running of
the state even in the oldest cultures known to mankind.

The contribution by prof. Pia Letto-Vanamo about one European history
reflected in the unique axis of a common culture now accentuated by the
development of a federal European Law makes it possible to evolve from
the patchwork of nations to one common goal as set out so many years ago
by Monnet.

The analysis of history of the aphasia is certainly an important field
wherein the integration between the humanities and medical science was
necessary to be able to help the very vulnerable people suffering from this



deficit in communication. It outlines in itself the obligation to observe the
“mens” in every “corpus” notwithstanding the positivist credo.

Finally the paper from Lamy and Deby-dupont stresses how progress in
biology and chemistry can help to perform life saving surgery.

R.Rubens
Chairman Sarton committee.
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Laudatio Jens Hoyrup
Erik Weber & Albrecht Heeffer

Jens Hoyrup was born in Copenhagen in 1943. He studied physics and
mathematics at the Niels Bohr Institute of the University of Copenhagen
and at the Institut Henri Poincaré of Paris University. In 1969 he obtained
his master’s degree. From 1971 till 1973 he was assistant lecturer at the
Danish Academy for Engineering (Danmarks Ingeniersakademi), where
we taught courses in physics. In 1973 he became senior lecturer (and later
on, in 1989, reader) at Roskilde University. He started in the Department
of Social Sciences and ended up in the Section for Philosophy and Science
Studies. Since 2005 he is emeritus. Since his retirement he publishes more
books and articles and he attends more congresses than ever before.

His main field of teaching was the history of the natural, human and social
sciences. His main field of research was, and still is, the history of science,
especially the history of mathematics in pre- and early Modern cultures. He
has studied the Babylonian, ancient Greek, Latin, medieval Islamic mathe-
matical traditions, and — more recently — the 14™ and 15th century Italian
abbacus tradition. Taken together, his research covers 3000 years of history
of mathematics.

Jens Hoyrup is a full member of the Académie Internationale d’Histoire
des Sciences, 1s associate editor of Historia Mathematica and member of
the editorial board of Revue d’Histoire des Mathématiques. He is a regular
reviewer for several journals and publishers in the history of mathematics.
He has published approximately thirteen books as author or co-author,
about sixty articles in journals, about forty articles in conference proceed-
ings and other books, and several contributions in encyclopaedic works.
But of course, these numbers are not the reason why he has been proposed
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for the Sarton chair and medal. Jens Hoyrup has made many important
contributions to the history of mathematics, and is responsible for many
new insights and the revision of several once popular views. Let us give an
overview.

His book Lengths, Width, Surfaces: a Portrait of Old Babylonian Algebra
and its Kin, published in 2002 by Springer in New York, is on the one hand
a typical example of history of science in the classic tradition of Heiberg,
Tannery and Vogel: original texts are carefully reconstructed, translated
and interpreted. On the other hand, Heyrup successfully provides new
frameworks for interpretation and points to parallels between different
traditions. Because of his command of more than ten languages, Hayrup
often manages to establish links and develop etymological arguments
which result in surprising new insights with respect to sources that have
been analysed by several other scholars. This is also the case for this book.
In order to study Babylonian clay tablets, he learned basic Akkadian and
the essentials of Sumerian. The command of these languages enabled him
to develop a revolutionary new interpretation: Babylonian algebra is based
on geometrical methods used by lay surveyors. This interpretation is radi-
cally opposed to the classical interpretation of Otto Neugebauer. Neuge-
bauer and his peers made the methodological choice to reach a “first
approximation” to the terminology by applying modern mathematical
conceptions to the texts. They found the formulae they were looking for
and ignored small anomalies in the text referring to non-mathematical
operations such as “laying down”, “breaking” or “to tear out”. Adopting the
sound methodological principles of structural analysis and close reading
Hoyrup demonstrated that these terms refer to cut-and-paste geometrical
operations of surveyors. Because there are no figures on the Babylonian
clay tablets, such an interpretation was never considered before. It is an
instructive lesson how to take distance from our modern conceptions while
doing history and to discern conceptions different from ours. To put it in
Heoyrup’s words: “It is definitely easier to recognize which part of our
mental luggage is absent from the Babylonian mind than to identify ingre-
dients of this foreign thinking that are absent from ours”.

His book Jacopo da Firenze’s Tractatus Algorismi and Early Italian
Abbacus Culture, published in 2007 by Birkduser in Basel, contains many
important new insights about the abbacus tradition. Conventionally, this



1

tradition is considered to originate in Leonardo Fibonacci’s Liber Abbaci,
written in 1202. On the basis of a transcription of the earliest abbacus text,
Heyrup argues that the tradition is older, has its roots in the Provence and
Northern Spain rather than Italy, and that it is much less directly influenced
by the scholarly level of Arabic mathematics than generally thought. The
book on the abbacus tradition not only provides important new insights, it
also illustrates how Heyrup’s methodology differs from that of many other
historians of science. He pays a lot of attention to what he calls the sub-
scientific tradition, which includes the transmission of knowledge from
master craftsmen to apprentices and social processes like the transmission
of problems in practical geometry, recreational mathematics and their solu-
tions. Historians of science tend to focus on “the big books™ and neglect the
other modes of knowledge transmission.

The Sarton chair was established in November 1984, at the centenary of
Sarton’s birthday, for which occasion a large conference was held in the
very same building we are in today. Jens Hoyrup was present at that confer-
ence with an early contribution on mathematics in medieval Islam. In the
introduction to his latest book he kindly recalls the impressive talk given
by Joseph Needham during the conference dinner calling him “my only
teacher in the history of science”. It is with great pleasure and honour that
we can invite Hoyrup again in these beautiful surroundings of Het Pand and
hope that Hayrup will be an inspiration for a new generation in the same
way he found inspiration in scholars as Needham.






State, “Justice”, Scribal Culture and
Mathematics in Ancient Mesopotamia

Jens Hayrup
jensh@ruc.dk
http://www.akira.ruc.dk/~jens

Abstract

The functioning of the modern state presupposes a variety of mathematical
technologies — accounting, statistics, and much more. Mathematics, on its
part, needs the institutions of the state (schools, universities, research insti-
tutions, etc.) to secure financing, recruitment and the rearing of compe-
tence. At a given moment, the state as well as mathematics largely take the
partner “as itis”, and none of them appears to the immediate view to depend
for its essence on the other.

At the moment of pristine state formation, the situation was different. Most
pristine state structures depended on organized violence, on religious insti-
tutions, etc., and mathematics did not enter. At least one major exception to
this rule can be found, however: the earliest “proto-literate” state formation
in Mesopotamia of the late fourth millennium, intimately connected to a
system of accounting that seems to have guaranteed an apparent continua-
tion of pre-state “just redistribution”. Both for its functioning and its legit-
imization, the state depended on the mathematics of accounting. On its part,
the kind of mathematics which was created was totally bound up with its
administrative role.

The lecture follows the interaction of state, “justice”, mathematics and
scribal profession from the late fourth millennium over the “Ur III” period
(21st century BCE, culmination and apparently end of the intertwinement of
statal structure and legitimization with mathematics) until the Assyrian
empire of the earlier first millennium.

13
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State and mathematics

The functioning of the modern state presupposes a variety of mathematical
technologies — accounting, statistics, and much more. Mathematics, on its
part, needs the institutions of the state (schools, universities, research insti-
tutions, etc.) to secure financing, recruitment and the rearing of compe-
tence. At a given moment, the state as well as mathematics largely take the
partner “as it is”, and none of them appears to the immediate view to
depend for its essence on the other.!

At the emergence of the state as a type of social organization, the situation
was different. Most statal systems have originated in complex processes,
either as “pristine states” via expanding chiefdoms or as “secondary states”
in interaction with (often, indeed, as military protection against) existing
states. As a rule, the involvement of anything than can be considered as
mathematics in such processes has been peripheral, if not totally absent.

In a few exceptional cases, however, mathematical technologies have
played a major role in the shaping of the state (and have, in consequence,
themselves become more sophisticated in the process, developing into
recognizable mathematics).

One instance of such an intimate bond is that between the Inca state and its
accounting. I know too little about the matter to go into details — I suspect,
moreover, that available evidence on the topic is insufficient to trace the
connections between the development of the state and that of the quipu
system.

Possibly, another instance is constituted by the relation (which, however,
may be less pivotal) between the Maya states and their “chrono-theology”;
even here I abstain from further discussion for lack of deeper knowledge.
In any case, the Maya state formation was not pristine.

Second thoughts should force us to admit that this “immediate view” may not correspond to the
actual situation of the latest four decades or so: without information technology, the immense
increase of administrative control of citizens (to mention but that) would never have been possi-
ble. Only by discarding computer science from what we perceive as “mathematics” can we claim
that the global mathematical enterprise has not been transformed in the same process.

But this is not my topic here. I shall leave it to the reader to ponder after finishing the paper
whether, paradoxically, the late fourth millennium BCE offers an illuminative model of our own
lifetime. That possibility is indeed one of my reasons for choosing the subject I do deal with.
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A third instance, perhaps the most indisputable case and at least the one
which is best reflected in the sources (though still indirectly), is offered by
the formation of states in southern Mesopotamia from the late fourth
millennium BCE onward.

Prolegomena

Before approaching the subject-matter itself, something must be said about
what I mean here by “mathematics”, and about the notion of a “state”.

For the present purpose, the transition to “recognizable mathematics” may
be characterized as

the point where pre-existent but previously independent mathematical prac-
tices are coordinated through a minimum of at least intuitive understanding
of formal relations.

Political anthropologists have discussed the emergence of statal organiza-
tion of society in different terms, not necessarily as mutually exclusive as
often assumed in the debate. According to Morton Fried’s classic The
Evolution of Political Society [1: 235], the state arises as
a collection of specialized institutions and agencies, some formal and others
informal, that maintain an order of stratification,

“stratified society” being a society [1: 186]

in which members of the same sex and equivalent age status do not have
equal access to the basic resources that sustain life.

This stratification may come about in several steps: in brief, from “big
man” practice to chiefdom spurred by warfare, leading to a three-class divi-
sion slave owners — commoners — slaves.

Elman Service’s emphasis in the equally classic Origins of the State and
Civilization was different, seeing [2: 305] statal organization as the end
result of a quantitative and often gradual development from
relatively simple hierarchical-bureaucratic chiefdoms, under some unusual
conditions, into much larger, more complex bureaucratic empires.
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The chiefdom itself was understood by Service as a hierarchical organiza-
tion legitimized by social functions wielded by the chief for common
benefit? in a theocratic frame of reference, where

economic and political functions were all overlaid or subsumed by the
priestly aspects of the organization.

A number of other, less abstract discussions of the early state have been
regionally focused (either explicitly or implicitly). In an article on “Popu-
lation, Exchange, and Early State Formation in Southwestern Iran”, Henry
T. Wright and Gregory A. Johnson tried to base themselves “on the total
organization of decision-making activities rather than on any list of
criteria”, describing the state [3: 267]

as a society with specialized administrative activities. By ‘administrative’ we
mean “control’, thus including what is commonly termed “politics’ under
administration. In states as defined for purposes of this study, decision-
making activities are differentiated or specialized in two ways. First, there is
a hierarchy of control in which the highest level involves making decisions
about other, lower-order decisions rather than about any particular condition
or movement of material goods or people. Any society with three or more
levels of decision-making hierarchy must necessarily involve such speciali-
zation because the lowest or first-order decision-making will be directly
involved in productive and transfer activities and second-order decision-
making will be coordinating these and correcting their material errors.
However, third-order decision-making will be concerned with coordinating
and correcting these corrections. Second, the effectiveness of such a hier-
archy of control is facilitated by the complementary specialization of infor-
mation processing activities into observing, summarizing, message-carrying,
data-storing, and actual decision-making. This both enables the efficient
handling of masses of information and decisions moving through a control
hierarchy with three or more levels, and undercuts the independence of
subordinates.

According to Service mostly functions of a redistributive nature; but if we include functions of
military leadership the contrast with Fried can be seen to be far from absolute.
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Though meant to be generally useful, the description was specifically
geared to what happened when statal systems emerged in southern Meso-
potamia and southwestern Iran, for which reason I shall adopt it here.

The West-Asian “token system”

Central to the “control” which Wright and Johnson spoke about is the
“token system”, an accounting system based on small and less small cones,
spheres, discs, tetrahedra, rods etc. made of burnt clay — often (though at
first only rarely) provided with markings that define sub-types. The system
turns up in Syria and Western Iran around 8000 BCE, concomitantly with
the agricultural revolution, spreading over the following millennia to a
region reaching from south-eastern Anatolia and Palestine to the Iranian
plateau, and remaining alive at least until the early third millennium BCE.
Though some suggestions had been made in discussions of late fourth-
millennium Iranian material, the discovery of the system and of its chron-
ological and geographical range is unambiguously the merit of Denise
Schmandt-Besserat. Her first publication on the topic [4] is from 1977; a
complete survey of her results and interpretations is the double volume
Before Writing [5].

According to their use in the fourth millennium and to continuity with
proto-cuneiform writing, the various tokens served to represent quantities
(presumably standard containers) of grain, oil, etc., and heads of live-
stock — perhaps also quantities of work.

For a number of reasons, the original social function of the system cannot
have been inter-community trade (which did exist, as documented by the
spread of obsidian). First of all, any use of quasi-monetary symbols without
tangible value (paper money, bills of exchange) presupposes banks and
police forces which can enforce the obligations they represent. Moreover,
the tokens were simply thrown out once they had been used, which
excludes even a local monetary function.

Instead, the use of prestige versions (made from marble, alabaster, etc.) as
grave-goods in high-status graves [6] and the presence of tokens in
communal storehouse areas suggest that the tokens functioned as means of
accounting in a redistribution system, and that management of this redistri-
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bution system carried very high social prestige — cf. Elman Service as
quoted above.

In this connection, two observations should be made:

—  Redistribution within the community is very common in pre-state
societies, but redistribution built on detailed accounting is rather
unique. If Inuit hunters kill a walrus and give others access to the
meat, this is done from an expectation of reciprocity, and on the part
of the more skilled hunters in expectation of prestige; but in neither
respect is detailed accounting involved, nor possible.

—  Accounting by means of tokens can doubtlessly be characterized as a
mathematical technique. But we have no evidence for numerically
standardized bundling of units (actually there is some counter-
evidence from the fourth millennium, cf. below). It is therefore most
likely that (e.g.) a small cone corresponded to a specific customary
basket containing grain and a small sphere to some larger equally
customary container, and that the ratio between the two was not
numerically but physically (that is, not precisely) fixed. In other
words, the mensuration inherent in the token system appears not to
have been coordinated neither with the bundling levels of an oral
counting system nor with any other numerical bundling principle; if
this is so, the system is hardly an instance of (integrated) mathematics
in the above sense.

Fourth-millennium developments

In the earlier fourth millennium, the city Susa in a river valley in the Zagros
area in southwestern Iran became the centre of a wider settlement system;
in this context the redistribution system developed into what looks most of
all as payment of tribute or taxes to the central temples of Susa. The tokens
were put to new use: enclosed in hollow clay envelopes (“bullae”), they
appear to have served as bills of lading for goods delivered from the
periphery to the centre. This goes hand in hand with the development and
refinement of other bureaucratic devices and procedures — not least the use
of cylinder seals as “certifiable signatures” of particular officials or offices.
Since the contents of bullae could only be “read” if they were broken (after
which they could no longer be controlled), impressions (or representative
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pictures) of the tokens to be put into them began to be made on their
surfaces before they were closed and sealed.

A somewhat similar social development may have started slightly later in
Uruk in the Mesopotamian South, but it soon went much further. The back-
ground was that a climatic change and lowering of the water level in the
Gulf opened the possibility for irrigation agriculture in the future Sumerian
area, allowing a violent growth of agricultural output as well as popula-
tion — see, e.g., [7: 58-61].

Probably in an initial phase, it was realized that impression or depiction of
the tokens on the surface of bullae made it possible to dispense with the
contents, and that the bulla itself could then be replaced by a flattened piece
of clay as carrier of the impressions/depictions.® Very soon (c. 3200 BCE?),
writing was also invented — invented indeed, in one leap or at least in a very
speedy process (no “primitive” precursor steps are known).’

The “proto-literate” script was ideographic, and used composition in a way
that is quite similar to what is found in pidgin and creole languages.® Most
signs (traced by means of a pointed stylus) were directly pictographic,
showing for instance a jar, a head, the mountains to the east, the sun rising
between these, etc.” Some, however, depict tokens representing the thing
instead of the thing itself. Quite striking, and enigmatic until the discovery
of the token system, is the sign for a sheep: a circle marked by a cross.
Indeed, it does not depict the animal but the token standing for the animal.

These “numerical tablets” provide the evidence referred to above that no arithmetically defined
bundling system was yet in existence around the mid-fourth millennium BCE.

From this point onward, I follow the “middle chronology”, as used, e.g., in [8]. It should be
pointed out that dates, even when they can be given exactly within this chronology, are not fixed
absolutely before the first millennium BCE.

Except for what will be said about the possible existence of a creole language, most of what is
said in the following about early writing and accounting and their function is explained in much
greater depth in [9]. In general, I draw heavily on the works of Hans Nissen, Peter Damerow and
Robert Englund.

The reconstruction of underlying cognitive type and mathematical conceptions are on the whole
of my own responsibility.

This statement should not be taken as a claim that the inventors of the “proto-literate” script spoke
a pidgin — the patterns in sacred architecture shows cultural continuity over about 2000 years pre-
ceding the invention, and thus continuity of the culturally hegemonic stratum of the area. But the
principles of the invention may have been inspired by familiarity with a pidgin spoken by
enslaved populations — cf. imminently.

In the third millennium, the drawings were no longer traced but made by oblique impression of a
prismatic stylus; this gave the script its characteristic “cuneiform” character.

The early as well as the developed forms are shown in [10].
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In contrast to these drawings of things or tokens, metrological and numer-
ical units were impressed by a different stylus, as representations of tokens.
This stylus was cylindrical, thick in one end and thin in the other.
Impressed vertically it might produce a large or a small circle, oblique
impression could represent a large or a small cone.

The proto-literate script did not attempt to render the sentences of spoken
language — it was not “glottographic”. Some 85% of the surviving texts are
accounts made in fixed formats, rather to be likened to a statistical table or
a ledger than to literary texts; what was written could of course be spoken
of or told in words but it could not be read. The remaining 15% are “lexical
lists” which served to teach the script.

Whereas writing was thus (to all we know) invented in Uruk, the idea and
the bureaucratic use (not the script itself) were soon borrowed into Susa
and a number of other Iranian localities which formed a shared cultural
system. Until some decades ago the earliest known evidence for Egyptian
writing was a century or two later than the earliest Uruk script, and contem-
porary with artefacts inspired or imported from Mesopotamia (e.g.,
cylinder seals). It therefore seemed a good guess that even the Egyptian
script was inspired by knowledge of the possibility to write (whatever that
may mean precisely); now, as the earliest beginnings of Egyptian writing
has moved back a century, this is much more doubtful [11]; independence
seems more likely, but partial inspiration going either way cannot be
excluded.

The proto-literate Uruk metrologies
In the numerical and metrological sequences of the Uruk writing system,
bundling was numerically determined.®

One sequence was used for the measurement of grain, and may reasonably
be considered a continuation of the traditional use of tokens. The “basic
unit” in this system, depicting a small cone, was [ . 6 of these became (),

the picture of a small sphere. 10 small spheres were O, the picture of a

8 For the following description of the metrological and numerical sequences I build on [12].
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large sphere. 3 large spheres were bundled as D, the picture of a large

cone. 10 large cones, finally, became @, possibly a representing a
punched large cone (an existing token), but perhaps a new construction
made in parallel with the number sequence. In a notation due to Joran
Friberg, the sequence as a whole looks as follows

@ «—10—D <—3—O —10—O—6—1>

Another sequence was used for counting most types of discrete items, and
may be regarded as a “number sequence”. Whereas the grain sequence is
likely to continue an old system in a new medium (though now with arith-
metical bundling), the number sequence can be supposed to be new — the
representation of pure numbers (that is, numbers abstracted from the quan-
tity they count) by tokens will have had no purpose, at least not before their
inclusion in bullae (here, the external official’s seal might in principle
determine which kind of goods was involved). The corresponding diagram

1S
@ <—10—O <—6—@ <—10~D<—6—O 10—

This sequence, in contrast to the preceding one, is highly systematic, and
therefore almost certainly represents a deliberate transformation of the
grain sequence made so as to fit an existing oral number system, and
perhaps extending it beyond existing spoken numerals. As we see, the signs

or an are produced by superposition o
for 600 ( ) and 36000 ( ) duced b iti f 10

() on 60 (D) and 3600 (O ), respectively, while 60 (D) is

chosen as an “enlarged” unit ([ D).

The latter feature suggests that the spoken numeral system treated the step
1—10 differently than the step 10—60 (if not, there would be no reason to

invert the order of O and D in the grain system); 60 must in some way
have been understood as a “return of the unit”. Evidently, the “second
return” of the unit as 3600 could not repeat the visual trick, the “number-
and-measure” stylus having only two ends, each of which could be



22

impressed vertically or obliquely. In consequence, the written system gives
no clues as to whether 3600 was already a unit in the spoken system.

For specific counting purposes — apparently the counting of bread or grain
rations, perhaps also portions of dairy products — a particular “bi-sexages-
imal system” with the following structure was in use:

@ <—6—g 910—8 <—2—D —6—0O 10—

The agreement with the lower orders of the “general” counting system
suggests the bisexagesimal system to have been shaped so as to fit particu-
larly bureaucratic procedures or habits. Such an adaptation recalls our
counting sheets of paper in units of 500, bottles of wine in dozens, etc.,
sometimes but not always corresponding to standard packages — such adap-
tations are amply present in the later Mesopotamian record.

We might be tempted to conclude from the divergence of the two counting
systems after the level of 60 that the level 3600 did not exist in the spoken
number system but was a product of the new bureaucratic device; the exist-
ence of the medieval “hundredweight” and the Germanic Grofhundert,
both deviating from the pre-existing 100 for similar reasons, shows that
such a conclusion is not warranted.

Two other metrological sequences exemplify the converse process, the
adjustment of administrative procedures to mathematical structures. One is
the area system, the other the administrative calendar.

The structure of the area system in itself shows little mathematical system:

O <—6—@<—10—O 3—[De6—-1>

Such lack of mathematical system is in itself an indication that the system
is a normalization of a pre-existing system of “natural” (irrigation, seeding
or similar) measures — a conclusion which is supported by linguistic argu-
ments [13, passim]. There is no direct proof of it, but it is a fair assumption
that the system (which coincides with what is still known and well docu-
mented in much later periods) was already geared to the length metrology
(based on the unit nindan or “rod” of ¢. 6 m) — not least since it is almost
certain that the area of slightly irregular rectangular fields was already
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determined as average length times average width (the “surveyors’
formula”), which would make no point if area units were not derived from
length units. [ (the iku of later times) would then be the square on 10

nindan, [(O) a rectangle contained by 10 and 60 nindan.” On this foundation
we may conclude that the area metrology presents us with a deliberate
coordination of several mathematical techniques and with integration of
the result in the administrative procedures concerned with the allotment of
land in arithmetically determined proportion (which, without this new tool,
could not be made, and hardly imagined).

Alongside the true luni-solar calendar with its months of variable length
and its insertion of intercalary months when such turned out to be needed
(which remained in use for ritual and time-keeping purposes until the first
millennium BCE), an administrative calendar was introduced, which
counted each month as if it consisted of 30 days, and each year as 12
months!'®. Tt served for the calculation of fodder to be allocated to herds
and, at least in later times, of the work which overseers were to press out of
their crew each month irrespective of its length. Even in this case, only the
introduction of a mathematical tool made possible the system of intense
administrative control of subordinate staff.

Still other metrological sequences were in use — most of them derived from
those already mentioned by means of various kinds of extra marks (similar
to those that had served in the token system), and serving, for instance, to
count malted instead of ordinary grain. There is no need to describe them
in detail.

One common feature of all sequences which is worth mentioning is the way
they were provided with subunits below [ ). In all cases, the first level of

sub-units was obtained by rotating either this sign or a shortened D 90°

The definition of area units in terms of linear metrology presupposes a conceptualization of area
linked to square and rectangular shapes with measured sides; that this conceptualization was at
hand, however, is not subject to doubt. Firstly, a number of prestige buildings in the area from this
and earlier periods exhibit clearly rectangular layout — a number of specimens are rendered in
[14]; secondly, the dimensions at least of certain buildings from the proto-literate period are deter-
mined in terms of an identifiable length unit — see [15].

This modular-orthogonal architecture represents a kind of “integrated” mathematics beyond the
one represented by the state-accounting complex.

This calendar and its use until the outgoing third millennium BCE was analyzed in depth by Robert
Englund [16].
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clockwise, \_J and \__/, respectively — {_/ standing apparently for a
halving (except when a day is seen as a sub-unit of an administrative

month), \__/ for a division into 5 parts.

It is possible that one of these subdivisions precedes writing — \__/ could
well be a depiction of a hemisphere, one of the old tokens. But {_J, a mere
rotation of [, can hardly correspond to a particular token, nor can a rota-
tion possibly correspond to any feature of the token system. Globally, the
way sub-units are formed thus reflects an underlying general idea of
“forming sub-units”.

Another general feature to be observed has to do with the function of the
counting sequence. As observed above, freely movable tokens had to repre-
sent both the kind of thing they stood for and the quantity involved. In
writing, it became possible to separate the two, combining, e.g., the ideo-
gram for a sheep with the number “2” — which was indeed done. The
mental habit involved in this splitting of quality and quantity also underlies
the way the “lexical lists” were constructed from which the script was
learned: in Luria’s terminology [17: 48(f], it reflects “categorical classifi-
cation” and not “situational thinking”. A plough will thus appear in a list of
wooden objects, not together with the ploughman or the grain. In one list —
the “profession list” — the Cartesian product is not only an external condi-
tion but also involved in the structure of the list itself, which confronts field
of activity with the hierarchy of positions. Even the orderly formats of
bureaucratic accounting reflects the same mental habit.'!

The splitting into a Cartesian product of quantity and quality was not
followed rigidly: quality, if determined unambiguously by context, was
routinely left implicit — if a number stood for the length or width quality of
a field, the unit nindan was thus omitted. This should not be understood as
an indication of “primitivity” but as an instance of economical flexibility
of thought: exactly the same thing happened, for instance, when Stevin’s

According to Mogens Trolle Larsen [18: 211], the format of the lists “points to a special logic that
is additive and aggregative rather than subordinative and analytic”, and whatever hierarchy occurs
in the list simply reflects “the surrounding highly stratified society”. In [19: 337] I endorsed this
view, but second thoughts now suggest to me that the hierarchy of the “profession list” is too reg-
ular to represent a spontaneous historical development: it looks like a construction inspired by
categorical thought, perhaps fully implemented in real social life, perhaps in part a theoretical
construction reflecting how future officials were meant to perceive social reality.
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decimal fractions came in common use, and his 37507@2@ was reduced
to 375.72.12

Even this principle of economy can be seen in the light of Luria’s
dichotomy: Situational thinking is the habit of those whose world is largely
made up of fixed situations, categorical classification is needed by those
whose existence is less predictable — but in situations that are predictable,
there is no reason they (indeed we) should not resort to the simpler pattern.
True mental flexibility encompasses the possibility to switch when it is
adequate to subordinate patterns which, if they were hegemonic, would not
be flexible.

Uruk: A “mathematical state”

If the emergence of mathematics proper is understood as the coordination
of “pre-existent but previously independent mathematical practices [...]
through a minimum of at least intuitive understanding of formal relations”,
there is hence no doubt that mathematics had started its career, if not
before, then at least in late preliterate or proto-literate Uruk (and Susa) —
nor that it were primarily the needs of the administration of the new social
system that asked for the creation or further unfolding of mathematics.

More interesting is perhaps the converse observation. The use of the math-
ematical tool was no instance of pure “technical rationality”, the creation
and implementation of means for an already established end which itself is
not touched. If we compare the Uruk and subsequent Mesopotamian state
formations with other early states, the end itself (the Mesopotamian state)
can be seen to have been shaped by the means, no less than the successful
appeal to military means may lead to the transformation of the state that
appealed to it."?

A rash statement of this kind must evidently be explained. Redistributive
systems are found in many pre-state societies; they correspond to the need
for mutual support, and may thus be said to correspond to a notion of social
justice. However, this notion of justice cannot easily be carried over to the
proto-statal situation. In Robert Carneiro’s words [22: 58], “what a chief

12

B This theme is further explored in my [20].

Keeping aloof from real politics we may think of Kéastner’s nightmarish poem about what would
have happened to Germany after WW1 “Wenn wir den Krieg gewonnen hitten” [21: 102f].
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gets from redistribution proper is esteem, not power”; further on (p. 61)
Carneiro observes that

As long as a chief merely returns everything he has been handed, he gains
nothing in wealth or power. Only when he begins to keep a large part of it,
sharing with his retainers and supporters but not beyond that, does his
power begin to augment.

But the power of a chief to appropriate and retain food does not flow auto-
matically from his right to collect and redistribute it. Villagers freely allow a
chief to equalize each family’s share of meat or fish or crops through redis-
tribution because they benefit from it. But they will not willingly suffer the
same chief to keep the lion’s share of food for himself. Before doing this, he
must acquire additional power, and that power must come from some other
source.

Since power only results when redistribution proper (where the chief
retains only a small percentage of what passes through his hands) is trans-
formed into fribute or taxation, where he keeps a large part for himself and
for the “core of officials, warriors, henchmen, retainers, and the like who
will be personally loyal to him and through whom he can issue orders and
have them obeyed” [22: 61], neither the commoners nor the chief and his
circle have any immediate reason to conceptualize the new situation in
terms of social justice.

In the Susa-Uruk area, matters were probably perceived differently (at least
by upper and middle strata), even though realities may have been similar.
As shown by the use of bullae and by the accounting tablets, taxation and
allocation of resources — be it the fields apportioned to high-ranking temple
officials, be it the rations of grain distributed to workers — were made
according to mathematically determined rules. In this way, statal power
was structured around “just measure” and thus, apparently, legitimized by
a transformed concept of social “justice”. Since accounts and lexical lists
constitute our only written sources, we have no direct evidence for how the
situation was conceptualized at the time; but literary evidence from a time
when lexical lists from the proto-literate period were still in use indicates
that at least the higher literate stratum thought of statal power in such terms.

A striking contrast is offered by early Pharaonic Egypt, the “nearest neigh-
bour” in terms of state formation. All evidence suggests that the Pharaonic
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state was legitimized by conquest, and (at least in the view of the literate)
by a religious guarantee of cosmic order. Already during the First Dynasty,
itis true, the yearly level of the Nile was recorded, in all probability in order
to allow calculation of the taxation level of the year to come, and a biennial
“counting of the riches of the land” was introduced."* But a biennial
counting certainly does not allow any specific determination of dues and
rights, nor is there any evidence that the measured Nile height served such
purposes. Social “justice” has no place in the picture of early Pharaonic

Egypt.

“Real justice”

“Real socialism” did not coincide too well with what had been proclaimed
in programmes, and the real feudalism of the Middle Ages was conspicu-
ously different both from Charlemagne’s blueprint and from Fulbert of
Chartres’ theory of the respective roles of the praying, the warring and the
labouring order. Likewise, mathematical social “jubstice” (however much
unequal) was certainly not the whole truth about the Uruk state. But it
remains an essential part of the truth, and it conditioned Mesopotamian
statal structures at least until the mid-second millennium BCE.

That it was only part of the truth, belonging rather on the level of hegem-
onic ideology than on that of social realities, can be seen from the preferred
motif of the seals of high officials (found on no less than half of all known
early Uruk seals; two specimens are reproduced in [9: 16]): A high official
or priest looking on while overseers beat up pinioned prisoners. It is prob-
able that the vehement increase in population did not result from local
breeding alone but also from enslavement of significant populations from
the mountain areas to the east — the pictograms for male and female slaves
are indeed composed of an indication of sex (of a person) with a picture of
the mountains'® — and that this was brought about by the same climatic
change as had made possible the irrigation revolution in the lowlands.

Such a hypothesis is supported by linguistics: many features of Sumerian
look like those of languages that over some centuries have developed from

14" Nile observations as well as countings are documented on the Palermo Stone — translated, e.g., in

[23: 67-95].

15" No. 50 and 558, respectively, in Labat’s sign list [10].
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pidgins and creoles.'® Enslaved workers are likely to have had different
languages — also in later times, many languages are found in the region.
Like the slaves in the West Indian plantations (who were in the same
linguistic situation), they can therefore be supposed to have created a
pidgin (based largely on the vocabulary of the masters’ language but losing
its grammar) which the next generation transformed into a creole.!” In the
absence of a metropole conserving their original language, new generations
of masters influenced as children by lower-class nurses and servants will
also have adopted the creole over some generations (probably without
perceiving the shift as a change of language) — the final outcome (after
centuries) being Sumerian.'®

The Early Dynastic and Sargonic periods

The proto-literate period may have lasted from c. 3200 BCE to c. 2900 BCE
(falling in two distinct sub-periods, “Uruk IV”, 3200-3000, and “Uruk I11”
or “Jemdet Nasr”, 3000-2900). It was followed in the Sumerian area (now
without doubt Sumerian) by the “Early Dynastic Phase” (subdivided into
ED I, ED II and ED III), ¢. 2900-2750-2600-2350 BCE.

In this phase, what appears to have been a social system with one major
centre (Uruk) changed (collapsed?) into one consisting of competing city
states; and what looks like a state centred around a staff of high temple offi-
cials developed into states rules by a king (though still heavily influenced
by the temple institution).

From ED I we have no written sources, and from ED II very few. In ED 111,
their number proliferates; the continued use of the old lexical lists demon-
strates continuity not only of the writing system but also of the school tradi-
tion. In the 26th century, however, a new phenomenon can be observed.
Writing was now in wider use, serving also, e.g., for the stipulation of
private contracts; at the same time, and in consequence, the circle of the

16
17
18

This theme is explored in depth in my [24].

For this process, see for instance [25] or [26].

Since the proto-literate script was ideographic and indicated neither grammar not the word order
of full sentences, we have no means to identify the language spoken by its inventors. One or two
cases of possible use of homophones corresponding to later Sumerian (“rebus principle” writing)
decide nothing, since a pidgin and the creole it engenders borrow most of their vocabulary from
the language of the masters — cf. the derivation of the language name 7ok pisin from (the pronun-
ciation of) talk pidgin.
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literate became broader; in John Baines’ terms [27], a transition from “very
restricted” to “restricted literacy” took place. The group of scribes (dub.sar)
turns up for the first time as a distinct profession in the city-state Shuruppak
[28: 4, 12-23].

Also at the same time, and in all probability as a further consequence of
this, the script was put to new uses. We find the first literary texts — a
proverb collection and a hymn — and the first instances of “supra-utili-
tarian” mathematical school problems (problems that are not directly
connected to practice even though they are formulated as if they were). In
contrast, all mathematical texts from the proto-literate period that can be
identified as school texts are “model documents”, distinguishable from real
administrative texts only by the absence of an office seal and by the occur-
rence of numbers that are suspiciously round or nice and at times suspi-
ciously large.

Literary texts as well as supra-utilitarian mathematics were probably meant
to probe and make manifest the reach of the two professional tools —
writing and computation — and thus as expressions of professional pride.
This agrees well with the appearance of many of the so-called “school-
texts” from Shuruppak (edition in [29]): empty corners may be filled out by
nice drawings, and according to the judgement of Aage Westenholz
(personal communication) the tablets may indeed be de luxe versions made
for mature scribes looking back at the real or imagined pleasure of their
school time, emblem of their present professional identity and social posi-
tion.!”

Rising city walls show clearly that warfare was an endemic condition of the
ED-period, and that the king was a military leader; Shuruppak itself was
completely devastated in a military attack, following upon a general mobi-
lization [30: 144f]. The many killed servants that followed their master to
the underworld in the Royal Cemetery of Ur (initial ED III) also demon-
strate that the king had given up any idea of being the servant of society —
he was its overlord, and society a means for his greatness. None the less,
only the very end of the ED period gives us written evidence, if not of the
ritual slaughter of servants then at least of military activities; until then,
even royal inscriptions show the king solely as the benefactor of temples

19 Cf. Giuseppe Visicato’s work on third-millennium scribes [30].
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and provider of agricultural prosperity (in strong contrast to early
Pharaonic documents). Literacy, so it appears, only reflects the functional
and pseudo-just characteristics of the state; those features of the state which
had been irrelevant for the invention of writing and bookkeeping remained
outside the perspective of writing. In this respect, ED Sumer was a dual
society, one of whose faces was still “mathematical”.

From c. 2350 to ¢. 2200 BCE, the Sumerian area (and soon the whole of
Mesopotamia and even more) was united into a single territorial state; after
an initial short-lived centralization around a Sumerian city-king, the centre
was the Akkadian “Sargonic” state’® (Akkadian is a Semitic language, of
which the later Babylonian and Assyrian languages are dialects, Sargon the
founder of the dynasty; the school language remained Sumerian).

“Literature”, at first apparently a free creation of the scribe school and a
means for scribes to probe and demonstrate their professional identity, was
soon taken over by the Sargonic rulers as propaganda (hymns being written
so as to serve the new dynasty [31: 186]). While mathematical administra-
tion certainly expanded [32], the utilization of supra-utilitarian problems in
mathematics teaching was continued; there is no reason to presume that
they fulfilled, or could fulfil, any role outside the school.

Already during the ED phase (documented in ED III) but accelerating
during the Sargonic period, metrologies were adjusted with concern for
mathematical regularity as well as administrative convenience. The former
concern (mathematical regularity) is especially visible in the weight
system, apparently a fresh development of the ED phase, where the step
factor 60 was given a prominent position (only one factor had to be 3x60
in order to accommodate the “natural” measure of a barleycorn). But other
metrologies too were extended upwards and downwards with this step
factor.

The concern for administrative convenience, at times but not always in
conflict with the former, asked for the adaptation to administrative proce-
dures or technical practice, for instance in the definition of a Sargonic
“royal” gur (“tun” — the largest capacity unit) and in the creation of partic-
ular brick metrologies geared to the various standard bricks; cf. [28: 5] [33].

20 Given the travelling times and the plurality of languages it is even justified to speak of an

“empire”, as indeed often done.
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All in all, the relation between the state and its mathematics seems to have
developed during the later ED and the Sargonic period along lines known
from other societies provided with an accounting or otherwise mathemati-
cally organized administration: mathematics was taught in a way which
was needed by future staff, but it was also allowed a certain autonomy in
the school. It was certainly not taught by “mathematicians” — but even
when teachers are supposed to teach for practice, teaching will normally be
affected by the fact that the practice which teachers are really familiar with
is the practice of teaching. Thus also here, according to the meagre
evidence at our disposition.

The Janus-faced innovations in metrology correspond to this tension in the
situation of mathematics: sexagesimalization is likely to have been driven
by a preference for intra-mathematical coherence, the other innovations by
the links to extra-mathematical practice, in particular to the administrative
procedures of the state.

The Neo-Sumerian state

Around 2200, the Akkadian territorial state or “empire” lost most — in the
end all — of its territory, and smaller states reemerged, of which only
Gudea’s Lagash (2141-2122 BCE) has left sources that might be considered
relevant for our topic — inscriptions telling in meticulous accounting what
he has given to the temple, and how he laid out the geometric plan for
sacred buildings (texts with translation in [34: 69-101], see in particular pp.
72-82). From 2112 BCE onward, however, the Third Dynasty of Ur estab-
lished a new “Neo-Sumerian” territorial state or empire, mostly referred to
as “Ur III”.

The early decades of this dynasty present us with nothing spectacular. In
2074 BCE, however, king Sulgi undertook a military reform, which was
immediately followed by an administrative reform. From this point onward
and until the collapse of the empire, scores and scores of thousands of
accounting tablets inform us about the details of the administration (and,
indirectly, about its governing principles).

At least in the Sumerian South, the larger part if not the overwhelming
majority of the working population in both agriculture and handicraft
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production seems to have been submitted to conditions close to those of
slavery,?! working in crews under scribal overseers who were responsible
for the work performed, reckoned in units corresponding to 1/60 of a
working day (i.e., 12 minutes).

The accounts of the overseers are extremely meticulous, converting all
outputs into a common unit,?? taking illness, death and absence as well as
workers lent to or borrowed from other overseers into account. The old
administrative calendar was still in use — Ur III is the epoch in which
sources show that the overseer scribes were to press out of their crew 30
days’ work each month irrespective of its actual length. As shown by
Robert Englund [35: 46f and passim], the yearly deficits of an overseer
scribe were accumulated, and at his death the family was held responsible
for it (if needed by being drawn into the enslaved crews) — at least in private
discussion, Englund would speak of the system as a Kapo economy.

For use in this immensely expanded accounting, two decisive mathematical
innovations appear to have been introduced.

One is the accounting system itself, with built-in automatic controls (in this
respect an analogue of what was brought about in the later Middle Ages by
the introduction of double-entry bookkeeping). This was taken over in the
subsequent “Old Babylonian” period, during which it was also used for
private large-scale accounting — after which it was forgotten.

The other was the sexagesimal place-value system. This was a floating-
point system, serving equally well for integers and for fractions. It was used
for intermediate calculations, of which relatively few traces remain; in
mathematical school texts, where orders of magnitude could be presup-
posed, could be remembered, or were immaterial; and in the late astronom-
ical tables, where the tabular format helped to determine orders of
magnitude.

Neither school texts nor astronomical tables can have been the original
purpose for which the system was introduced — the latter already for chron-
ological reasons. Nor did it ease additive and subtractive computations

2 A survey of the debate about how to interpret the sources on this account is given by Robert Eng-

lund [35: 63—68]. The system appears to have been established during what was originally a state
of emergency declared at the same occasion as the military reform and which was soon made per-
manent [35: 57].

22 Often weight of silver, but barley was another possibility — see [35: 18-20].
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(which anyhow appear to have been performed on some abacus-like device
[36] [37]). What it did facilitate was multiplication and division — but only
if multiplication tables and tables of reciprocal numbers were available or
learned by heart, along with tables permitting the translation of metrolog-
ical units into sexagesimal multiples of a standard unit.?? The production
and teaching of such tables, on the other hand, had no point before the
place-value system was in use.

This observation leads to a striking conclusion: The important step was not
the invention of the new notation — which, by the way, was in the air since
centuries, as shown by Marvin Powell [33], and may even have been
invented well before Ur III without leaving any traces in tablets that happen
to have survived and to have been read by Assyriologists. What was deci-
sive will have been a political decision to implement it — a decision which
could only be effectual in a centralized system like Ur III.

We have no direct evidence for the taking of such a decision nor for where
it was taken;>* but we may safely assume that the planning was made in a
scribe school environment that was closely connected to the royal admin-
istration. Similarly, F. R. Kraus [39: 24-27] concludes that official year
names, royal inscriptions and royal hymns were produced in the subse-
quent Old Babylonian period (see presently) in an institution which at one
and the same time served as “palace school” and as “court chancery”, and
that this institution went back to some similar Ur III institution.

23 1 borrow the following explanatory example from [38: 18], adapting it slightly:

If a platform had to be built to a certain height and covered by bricks and bitumen, a “metrologi-
cal table” could be used to transform the different units of length into sexagesimal multiples of the
nindan and kg (“cubit”, 1/ 12 of a nindan), allowing the determination of the surface and the vol-
ume in the basic units sar [square nindan] and [volume] sar [an area sar provided with a height of
one kus]. A list of “constant coefficients” (igi.gub) would give the amount of earth carried by a
worker in a day over a particular distance, the number of bricks to an area or volume unit, and the
volume of bitumen needed per area unit — all expressed in basic units (if no transformation into
basic units had taken place, different coefficients for the bitumen would have had to be used for
small platforms whose dimensions were measured in ku§ and for large ones measured in nindan).
With these values at hand the number of bricks and the amount of bitumen as well as the number
of man-days required for the construction could be found by means of sexagesimal multiplica-
tions and divisions — once again facilitated by recourse to tables, this time tables of multiplication
and of reciprocal values. Finally, renewed use of metrological tables would allow the calculator to
translate the results of the calculations into the units used in technical practice.

Until recently, direct evidence for use of the notation during Ur III was itself extremely scarce
(and not fully compelling), in particular because of the uncertainty of palaeographic dating of tab-
lets containing only numbers (that is, of mathematical tables and scratch pads for computation). A
few years ago, however, Eleanor Robson [personal communication] discovered tables of recipro-
cals found in dated contexts.

24
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That king Sulgi himself (or at least those who produced propaganda in his
name) saw the school as an essential tool for his project is obvious from one
of the so-called Sulgi hymns,? according to which the king was taught
from an early age in the “tablet-house”, learning the art of writing together
with addition, subtraction, counting and accounting under the protection of
the scribal goddess Nisaba; later we hear that his praise is song in the same
tablet house.

Considering the marvellous feats of which Sulgi boasts elsewhere in this
and other hymns we may wonder at the level of his mathematical curric-
ulum, far below the actual level of mathematical competence of which the
texts of the Old Babylonian age bear witness — even multiplication goes
unmentioned, at most it may perhaps be presupposed as an auxiliary tech-
nique in accounting (but why then mention addition?). Actually, however,
this fits what can be derived from the absence of all mathematical school
texts apart from model documents, in particular when viewed in the light
of evidence offered by the terminology of the Old Babylonian period. It
appears that problems, well represented in the (meagre) corpus of mathe-
matical texts surviving from ED III and the Sargonic period, were banished
from the Ur III school: it looks as if even the modicum of independent
thought needed when students have to find and not just follow a prescribed
way was considered a threat to their docility.?

If any ruler ever was the state, the deified Sulgi was. The various Sulgi
hymns and the prologue of the law-code he produced®’ are therefore
informative about the official ideology of the state. Sulgi is not only a
potent military leader and pitiless avenger of wrongs (which, conveniently,
permits him to provide slaves) but also a “good shepherd” and exceedingly
just (dual society, passed away in late ED III, had not been resurrected).
However, only one feature of his “social justice”® goes beyond verbatim
repetition of the trite commonplaces of the preceding centuries (protection

25 Hymn B, 1. 13-19 [40: 31f]. Castellino’s translation and commentary miss the mathematical

points.

The full argument for this in unfolded in [41].

At first ascribed by Assyriologists to his father Ur-Nammu and hence known as the Ur-Nammu
laws. The law-code is published with translation in [42: 14-21], hymns B and C in [40], hymns A,
D and X in [43].

Social justice should be distinguished from “judicial justice”, punishing enforcement of the laws
which follow after the prologue.
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of orphans from wealthy and widows from mighty men), and only one thus
rings true: metrological reform.

All in all, Ur III enhances features which already appeared to characterize

proto-literate Uruk: the management of the state was meticulously planned

and controlled. This meticulous planning and control had several effects:

—  Inmathematics, important innovations were introduced — one of them
still important for us, given that the sexagesimal place-value system
may possibly have provided part of the inspiration for the Indian
invention of the decimal place-value system and was certainly the
direct inspiration for the introduction of decimal fractions. Free supra-
utilitarian developments, on the other hand, appear to have been
blocked.

—  Socially and ideologically, the fact that the extremely oppressive poli-
cies of the system were metered out according to mathematical rules
permitted that these policies could be seen by those in power — and
probably even by the overseer scribes — as embodiments of justice.

The undernourished workers, however, fell ill or ran away the best they
could — even this can be read from the accounting texts; after all, they had
not been brought up in the scribal school and may have had other opinions
about social justice if at all caring about such questions.?” This is likely to
be one of the reasons that the Ur III state did not outlast the third millen-
nium. All in all, this early instance of immoderate Taylorism seems to have
provoked a reaction similar to what British trade union activist of the twen-
tieth century CE responded to the “scientific management” of their own
days: “time and motion studies means that motion stops and time is
wasted”.

29 1t appears that some of them did. An Old Babylonian epic which seems to reflect Ur III experi-

ence and not Old Babylonian conditions (4tra-hasis, ed., trans. [44]) transposes a strike into the
realm of the gods. After the creation of the world, An takes possession of the heavens, Enlil of the
earth, and Enkidu of the waters below the earth — and the minor gods are put to work, digging
Euphrates and Tigris. After toiling for forty years they revolt, set fire to their spades and prepare
an attack on Enlil’s abode. So much in the account reflects the psychology of real wildcat strikes
(Enlil asking who is the instigator, the mutinees answering that everyone is the instigator) that we
may safely assume that the story builds on historical experience.
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The 0ld Babylonian period and the culmination of
Mesopotamian mathematics

Already around 2025, the periphery rebelled, and the Ur III state lost its
character of an empire. A few decades later, even the centre dissolved into
small states. Gradually, some of these absorbed the others, and in the eight-
eenth century BCE Hammurapi of Babylon managed to subdue the whole
Mesopotamian south and centre. From then on, this region can be spoken
of as “Babylonia”; the centuries from 2000 BCE to 1600 BCE are known as
the “Old Babylonian period”; it produced the most sophisticated mathe-
matics we find in ancient Mesopotamia.

This culmination arrived when the mathematical Taylorism of Ur III had
disappeared. The period is characterized by individualism, both in the
economic structure (even though it would be a mistake to speak of a general
market economy) and on the level of ideology or culture [45]. Land, even
when owned by the Crown, was often rented under contract. Private corre-
spondence turns up (a large number of letters are published with translation
in [46]). The letters were often written by free lance scribes (a category we
do not know from Ur III). The Ur III accounting system was now used in
private business, handled by privately employed scribes. The seal, so far a
symbol of office, now belonged to the individual. We may speak of the rise
of an ideology of personal identity.

This ideology also affected scribal culture, in a way which is reflected in
the texts used in school to inculcate understanding of what should charac-
terize a real scribe (the so-called “examination texts” — cf. [47] [48] [49]).

The Sumerian language was dead by now, and Babylonian could be written
adequately with a phonetic syllabary of 70 signs or less; a true scribe,
however, would also use a large number of word signs, borrowed from the
Sumerian script but now meant to be pronounced in Babylonian. This,
however, was not a sufficient demonstration that the scribe was somebody
special. He should also be able to read, write and speak Sumerian — a feat
only other scribes would be able to appreciate.*® He should know every-

30 A real feat: Sumerian and Babylonian are as different as, for instance, Basque and Spanish. Quite

apart from the vocabulary, the scribes should thus understand a grammar based on principles
totally different from those of their mother tongue. Without the lexical lists and explanations pre-
pared by the Babylonian masters for their students, nineteenth-century scholars would have been
unable to decipher the Sumerian texts.
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thing about bilingual texts, he should be familiar with all the significations
of the cuneiform signs (each single sign would have one or several phonetic
and one or several logographic meanings — to which comes further occult
meanings which we do not understand). He should know about music, and
about mathematics. He whole complex was called “humanism” (true! —
namely nam-lu-ulu, Sumerian for “the condition of being human”). Quite
adequately, Iu corresponding to Latin vir, another literal but still adequate
translation would be “virtuosity”.

The texts from which we know this do not specify which kind of mathe-
matics would count as “humanist”. Training tablets which carry a Sume-
rian proverb on the obverse often have quite simple calculations on the
reverse. Elementary mathematics was thus taught at a rather advanced
level, and most scribes presumably never went further. On the other hand,
however, very sophisticated supra-utilitarian mathematics was also
produced, and it is a fair guess that this (as useless as spoken Sumerian) was
the really “humanist” level of mathematics.

What we find together with Sumerian proverbs are simple numerical multi-
plications, area determinations and such things. Before that, future scribes
copied metrological tables and tables of reciprocals and multiplication —
probably so often that they learned them by heart. All of this was useful
training for future professional practice, and hence not supra-utilitarian.

At the sophisticated, supra-utilitarian level we still find numerical prob-
lems — for instance, an intricate technique for finding reciprocals of
numbers not listed in the standard table nor easily derived from it by
successive halving and doubling. The favourite genre, however, was what
has been interpreted as “algebra” of the second (at times the third) degree.
Nominally, these “algebraic” problems deal with areas of rectangles or
volumes of excavations and their sides, at times combined for instance with
the wage to be paid for the excavation; the substance of the problems,
however, is entirely artificial, and the “algebraic” technique that is taught
is completely useless for professional practice. This “algebra” is thus truly

supra-utilitarian.’!

31 Not only the terminology but also the technique of the “algebra” in question is geometric — see

my [38].
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Its inspiration had probably come from a riddle tradition carried by “lay”,
that is, non-scribal (whence fully or almost illiterate), Akkadian-speaking
surveyors [50]. These riddles (as they can be reconstructed from consider-
ation also of their appearance in much later surveying texts) were of this
kind:

“I have added together the side of a square and its area, and the outcome

was 110”.

“I have added together the four sides of a square and its area, and the out-

come was 140”.

“I have added together the length and the width of a rectangle, and the out-

come was 14, while its area is 48”.

“the diagonal of a rectangle is 10, and its area is 48”.

“I have added together the perimeter, the diameter, and the area of a circle,

and the outcome was 115”.

Others probably concerned differences between square area and one or all
four sides, the sum of or difference between areas and sides of two squares.
The total number of the riddles will not have exceeded ten to fifteen.

As mentioned above, mathematical problems, and a fortiori supra-utili-
tarian problems, appear to have been totally absent from the Ur III school.
As the Old Babylonian scribe school developed, its “humanist” preten-
sions appear to have induced it to adopt these riddles; in the context of
the school, however, a handful of standard riddles could not do: the
riddles became the starting point for a genuine mathematical discipline,
with rich variation and exploration of the possibilities offered by the tech-
nique — for instance, letting the sides of a rectangle represent a number or
a price, or even a square area or the volume of a cube (the latter in a
problem of the eighth degree, resolvable as a bi-biquadratic). Rich varia-
tion had the added advantage of allowing copious training of sexagesimal
arithmetic.

Beyond their “humanism”, scribes were (supposed to be) proud, if not of
being leading officials of the state (few of them of course were), then of
belonging to a group from which leading officials came. This state was still
supposed to represent social justice, and serving it could hence be a reason
for pride. That can be seen in one of the texts used to form the self-image
of scribes in the Old Babylonian school, known as “Lipit-Star, King of
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Justice, Wisdom and learning”.3?> The king was taught the scribal art by
Nisaba, the goddess of scribal wisdom — consisting, the text reveals, in
writing and use of “the measuring rod, the gleaming surveyor’s line”, and
she bestowed upon him “the cubit ruler which gives wisdom”. The praise
goes on

[...] you are Enlil’s son;

Truth and justice you make manifest;

Lord, your goodness covers even the horizon.

King Lipit-estar, councellor of great judgment,

(Whose) word never falters, wise one (whose) decision provides justice for
the people;

Great mind, knowing all things deeply,

In order to lay down the law for all foreign countries [...

...] you rage against the enemies,

From evil and oppression you know how to save people
From sin and destruction you know how to free them.

The mighty do not perpetrate robbery,

And the strong do not make the weaker ones into hirelings —
Thus you established justice in Sumer and Akkad.

The mathematical scribal arts and justice are neighbours, as we see, but the
only link beyond this vicinity is indirect, the common reference to generic
wisdom.

One step further, the statal social justice of which Hammurapi proclaims
himself the supreme protector in the introduction of his famous “law-
code™? is not mathematical at all but a continuation of commonplaces
going back to the outgoing Early Dynastic epoch (Hammurapi is still the
protector of orphans and widows); beyond that his justice is judicial (some
of his legal decisions, however, concern metrology and punish metrolog-
ical fraud). One of his successors also issued a decree “re-establishing
justice to the country”, prescribing a debt cancellation [53] [54: 151-153],
reminiscent of the Old Testament jubilee (Leviticus 25:11-15) but appar-
ently a once-only measure meant to palliate the threat to general econom-

32 Lipit-estar had been king of Isin, one of the smaller states emerging from the collapse of Ur III.

The text was published with translation by H. L. J. Vanstiphout [51].
Text in [42: 76-140]. Actually, the text represents itself not as a law-code but as Hammurapi’s
(presumable paradigmatic) judicial verdicts, cf. [52: 228f].

33
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ical stability resulting from a debt crisis and crushing interest rates — in any
case a cancellation of the very idea of that “mathematical justice” where
everyone receives and contributes his exactly calculated due (indeed the
kind of “justice” which had led to the crisis).

Accounting, as mentioned, was still around, but even when done for the
state its role was that of a subservient tool. The relation between the state
and mathematics had become accidental, not constitutive for either part.
Mathematical “humanism” should probably be understood as an alterna-
tive legitimation rather than as a continuation of the ancient pattern.

Disappearance of a pattern

The final dissolution of the pattern state—social justice—accounting math-
ematics arrived with the collapse of the Old Babylonian state. After a
Hittite conquest of Babylon and ensuing social chaos, power was taken by
the Kassite tribes, already present in Babylonia as mercenary soldiers. The
ratio between town and countryside dwellers fell to fifth-millennium
levels, and the role of scribal administration and culture — always the
carriers of ideas of the just state — was not only strongly reduced but also
appears (to the extent the extremely meagre written evidence from the
period allows us to distinguish) to have lost its ideological hegemony. As
writing once again became copious in the late second and the first millen-
nium with the expansion of the Assyrian city-state into a territorial state
and finally an empire, we find scribes in central positions at court or
somehow working for the court — but now as producers of an ideology
emphasizing the king and the empire as creators and upholders of order
[55][56] [57] [58], and as omen priests and astrologers protecting the king
[57] [59];** the huge libraries of the Assyrian royal palaces are also
evidence of the activity of learned court librarians and copyists. These

3 The letters from these scholar-scribes collected in [60], apart from giving technical advice, mostly

wish the king good health and vigour. One exorcist needing to flatter Assurbanipal — who, in con-
trast to his predecessors, was pleased to take up themes from earlier epochs — praises him for hav-
ing brought prosperity to the land (Assurbanipal does boasts of that himself, as Hammurapi had
done 1100 years before) and for distributing particular favours; the exorcist also states [60: 91]
that “the King, my lord, has revived the one who was guilty (and) condemned to death; you have
released the one who was imprisoned for many years” (metaphorically, no actual event is meant).
Even when trying to appear in the light of age-old traditions, the Assyrian king could only taint
Iron-Age despotism with commonplaces of (mainly judicial) justice in Old Babylonian style.
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scribes working for or corresponding with the court were certainly also
proud of their professional status, but even those of them who may have
worked on incipient mathematical astronomy identified themselves as
“writers” of omen series, exorcists etc.; mathematics was peripheral to their
professional self-esteem.®> Ordinary daily administration was probably
taken care of in Aramaic alphabetic writing, and not in cuneiform on clay
tablets, for which reason the evidence has disappeared together with traces
of the clerks who took care of it.3®

To sum up: During the late fourth and the third millennium, “writing” was
in power; but “writing” in this respect was first of all accounting and
management of resources, somehow connected to the pre-historic redistrib-
utive structures. However, during ED III we find the first evidence of
literary writing and supra-utilitarian mathematics as evidence of profes-
sional self-esteem of scribes, and soon afterwards the use of literature as
state propaganda.

During the Old Babylonian period, the role of professional self-esteem
becomes much more conspicuous in scribal culture; concomitantly, the
legitimization of the state, though still referring to “justice”, is decoupled
from accounting.

After the Kassite interlude (the “Babylonian Middle Ages”), “justice”
however meant does not characterize the role of the state; activities of
importance for professional self-esteem of cuneiform scribes were predom-
inantly literary, divinatory and theurgical.
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Abstract

The “New Science” of Galileo, Kepler, Harvey, Descartes, Boyle, Steno,
etc., and the Baroque in visual arts and literature, are two conspicuous
aspects of seventeenth-century European elite culture. If standard histori-
ography of science can be relied upon, the former of the two was not
affected by the latter.

The lecture asks whether this is a “fact of history” or an artefact of histori-
ography. A delimitation of the “Baroque” going beyond the commonplaces
of overloading and contortion concentrates on the acceptance of ambiguity
and the appurtenance to a “representative public sphere”, contrasting with
the quest for clarity and the argument-based public sphere of the new
science, suggesting that Baroque and New Science were indeed incompat-
ible currents. A close-up looks at Juan Caramuel y Lobkowitz, who was a
major Baroque theoretician but also wrote much on mathematics, finding
even within his mathematics love for ambiguity. The way his mathematics
is spoken about in the Oldenburg correspondence shows that the main-
stream of the New Science saw no interest in this.

The watershed

Modern science — this is generally agreed upon — was inaugurated in the
seventeenth century by characters such as Galileo, Kepler, Harvey,
Descartes, Pascal, Huygens, Boyle, Hooke, Steno and Newton. There is
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also broad consensus that conspicuous sixteenth-century figures like
Copernicus, Tycho, Cardano, Vesalius and Bombelli (not to speak of Dee,
della Porta and Paracelsus) opened the way for the breakthrough by
carrying the ancient and medieval inheritance beyond the bursting point;
but that they left synthesis to a future generation.

Retrospectively, Galileo etc. count as belonging within natural science —
the domain which in English in more recent times became science simplic-
iter. However, we do not need to restrict our argument to this domain. The
natural law doctrines of Locke and Pufendorf, Hobbes’s political theory
based on a non-Aristotelian concept of nature, and the Grammaire géné-
rale of Arnauld and Lancelot are also modern, while (say) Machiavelli
forebodes modern political thinking in a way which makes his ancient
models crack but does not yet reconstruct.

It is customary to categorize Paracelsus, Copernicus, Vesalius, Cardano,
Dee, Brahe, Bombelli and della Porta as “Renaissance scientists™, and it is
indeed not difficult to point to features of their thought that are widespread
within the Renaissance movement. In contrast, there is no tradition for
seeing Galileo, Kepler, Harvey, Descartes, Pascal, Huygens, Boyle,
Hooke, Steno, Newton, Hobbes, Locke, Pufendorf and Arnauld as expo-
nents of the Baroque, the indubitable general cultural importance of the
Baroque for their century notwithstanding. '

One may ask — and that is what [ am going to do — whether this is a histor-
ical or a historiographical conundrum. In other words: is it true that the
New Science (or “new philosophy” as it was rather called at the time) and
the Baroque represent contemporary but unconnected or perhaps even
conflicting cultural currents? Or, have historians of science simply been
blind to the relation between the two? Is the Baroque a context without
(scientific) texts, or is it simply so much in disrepute among historians of
science that they do not wish to associate it with their heroes?

The recent “Baroque Science” project of Sydney University should mentioned as an exception —
see http://www.usyd.edu.au/baroquescience. It formulates the contrast in these terms:
‘Baroque’ refers to the preoccupation with paradox and contrast, with asymmetry and distor-
tion, with imagery and sensual detail. ‘Science’ is the search for simple, universal structures,
eschewing rhetorical embellishment for logical rigor and sense qualities for the austerity of
matter in motion
which then allows the project to allow harmony between the two by looking differently at seven-
teenth-century science.
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The question dawned to me during teaching of the history of the humani-
ties. First I wondered that the Spanish siglo de oro, in spite of its impor-
tance in the general cultural landscape, seemed not to have left traces
calling for the attention of historians of science; then I got the idea that at
least the “etymological current” in linguistics might have to be understood
within the Baroque framework. In Sweden and Denmark this current is best
known through Olaus Rudbeck’s Atlantica [1] — famous in Sweden, noto-
rious in Denmark: charming in Sweden and shocking in Denmark, indeed,
the idea that precisely Swedish should be the language of Paradise! My
starting point was thus not too far removed from that of Gunnar Eriksson’s
in The Atlantic Vision: Olaus Rudbeck and Baroque Science [2].

Delimitation of the Baroque

This starting point was a mere intuition, and it is not strange that Eriksson
and I took different directions when leaving it, Eriksson making a complete
portrait of Rudbeck’s science, I myself returning to the initial question
about the relation between the Baroque and the New Science.” In order to
make this return fruitful we have to go beyond the everyday understanding
of the Baroque as mere “baroque”, as mere contrast to the classicist ideal
of edle Einfalt und stille Grdfe. Is it possible to define the Baroque, to
delimit it, or at least to characterize it?

A first strategy is the chronological approach. It is familiar from the
commonsense historiography of music, where everything between
Monteverdi and Bach is “baroque music” simply because of its date. This
approach is that of Reijer Hooykaas and J. E. Hofmann, among the few
historians of science who do mention the Baroque. Hooykaas [5: 161]
speaks of modern science as produced by “scientists of the Renaissance and
Baroque periods”, whereas Hofmann’s ultra-concise Geschichte der Math-
ematik [6] has the chapter headings “Ubergang zum Barock (1450-1580)”
(vol. I, p. 100), “Friihbarock (etwa 1550 bis 1650 n. Chr.)” (vol. I, p. 116),
“Hochbarock (etwa 1625 bis 1665)” (vol. II, p. 4) and “Spétbarock (etwa
1665 bis 1730)” (vol. I, p. 50).

2 My earlier work on the topic is contained in [3] and [4].
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With this definition, everything is easy. Arnauld is neither more nor less
Baroque than Rudbeck. The problem is neither historical nor historiograph-
ical but linguistic: the concept is empty, and we may calmly leave it to
Occam’s razor to dispose of it.

However, according to the same line of thought, Racine is neither more nor
less Baroque than Calderén. If we insist that there is a difference and do not
accept this elimination of the concept of the Baroque from the history of art
and literature, then our problem returns. If the Baroque exists as a partic-
ular current of seventeenth-century elite culture within which Calderén
belongs but to which Racine is in opposition, then it is still legitimate and
meaningful to ask whether this particular current imprinted the New
Science of the seventeenth century.

This approach corresponds to René Wellek’s reflections on “Baroque in
Literature” [7]:
The term baroque seems [...] most acceptable if we have in mind a general
European movement whose conventions and literary style can be fixed
narrowly, as from the last decades of the sixteenth century to the middle of
the eighteenth century in a few countries.

Obviously, a “current” or “movement” cannot be strictly defined. Even a
delimitation — the original meaning of the word we translate as “definition”
in Euclid’s Elements — cannot be exact. Yet we may strive to dig out central
characteristics, features which distinguish the core of the current but only
in weakened form or not all together when we look at its periphery.

In its origin, the Baroque is linked to the Counter-Reformation and the
Jesuit order — the latter to such an extent that I/ grande dizionario Garzanti
[8] explains “stile gesuitico” as “il barocco, in architettura e in letteratura”.
In 1563, the Council of Trent issued a decree stating amond many other
things that ecclesiastical art was to serve the propagation and consolidation
of orthodox faith:*

And if any abuses have crept in amongst these holy and salutary observ-

ances, the holy Synod ardently desires that they be utterly abolished; in

such wise that no images, (suggestive) of false doctrine, and furnishing

3 See for instance Arnold Hauser’s [9: 69-72] and Rudolf Wittkower’s [10] discussions.
4 Translation from [11: 235].
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occasion of dangerous error to the uneducated, be set up. And if at times,
when expedient for the unlettered people; it happen that the facts and narra-
tives of sacred Scripture are portrayed and represented; the people shall be
taught, that not thereby is the Divinity represented, as though it could be
seen by the eyes of the body, or be portrayed by colours or figures.
Moreover, in the invocation of saints, the veneration of relics, and the sa-
cred use of images, every superstition shall be removed, all filthy lucre be
abolished; finally, all lasciviousness be avoided; in such wise that figures
shall not be painted or adorned with a beauty exciting to lust [...].

In fine, let so great care and diligence be used herein by bishops, as that
there be nothing seen that is disorderly, or that is unbecomingly or confus-
edly arranged, nothing that is profane, nothing indecorous, seeing that ho-
liness becometh the house of God.

And that these things may be the more faithfully observed, the holy Synod
ordains, that no one be allowed to place, or cause to be placed, any unusual
image, in any place, or church, howsoever exempted, except that image have
been approved of by the bishop”.

That could not and did not determine how and what art should be, at most
what it should not be — the loincloth painted over Michelangelo’s naked
Christ in the Sistine Chapel is an almost parodic example.

In so far, the emergence of the Baroque can be seen in the perspective of

an observation made by Carlo Ginzburg [12: 146, my translation],

regarding
a problem the significance of which is only now beginning to be recog-
nized: that of the popular roots of a considerable part of high European
culture, both medieval and postmedieval. Such figures as Rabelais and
Brueghel probably weren’t unusual exceptions. At the same time, they
closed an era characterized by hidden but fruitful exchanges, moving in
both directions between high and popular cultures. The subsequent period
was marked, instead, by an increasingly rigid distinction between the
culture of the dominant classes and artisan and peasant cultures, as well as
by the indoctrination of the masses from above. We can place the break
between these two periods in the second half of the sixteenth century, basi-
cally coinciding with the intensification of social differentiation under the
impulse of the price revolution. But the decisive crisis had occurred a few
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decades before, with the Peasants’ War and the reign of the Anabaptists in
Miinster. At that time, while maintaining and even emphasizing the
distance between the classes, the necessity of reconquering, ideologically
as well as physically, the masses threatening to break loose from every sort
of control from above was dramatically brought home to the dominant
classes.

This renewed effort to achieve hegemony took various forms in different
parts of Europe, but the evangelization of the countryside by the Jesuits and
the capillary religious organization based on the family, achieved by the Prot-
estant churches, can be traced to a single current. In terms of repression, the
intensification of witchcraft trials and the rigid control of such marginal
groups as vagabonds and gypsies corresponded to it.

However, the implementation of the Trent programme was made, and
could hardly avoid to be made, on the foundation of existing art, that is, the
Mannerist trend, and (since Jesuits were main responsible) with strong
regard for Ignazio de Loyola’s insight in the importance of the active
emotional involvement of the recipient: as explained in §2 of his Ejercicios
espirituales, the religious message must never be so explicit and direct that
the spiritual commitment of the recipient is barred:”

[...] if the person who is making the contemplation, takes the true groundwork
of the narrative, and, discussing and considering for himself, finds something
which makes the events a little clearer or brings them a little more home to
him [...] he will get more spiritual relish and fruit, than if he who is giving the
Exercises had much explained and amplified the meaning of the events. For
it is not knowing much, but realizing and relishing things interiorly, that
contents and satisfies the soul.

This advice not to tell too explicitly is already in potential conflict with the
Trent request that “the people shall be taught, that not [by religious images]
is the Divinity represented, as though it could be seen by the eyes of the
body, or be portrayed by colours or figures”.

The essential point in Loyola’s method is not presentation of the religious
motif by itself but the motif embedded in a totality of tension, colour and

5 1 follow Elder Mullan’s translation [13], after collating with the edition in [14: 11].
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movement. Loyola prescribes thus how to get an “interior sense of the pain
which the condemned suffer” (§§65-70, after [13], cf. [14: 27/]):

The first Point will be to see with the sight of the imagination the great fires,
and the souls as in bodies of fire. The second, to hear with the ears wailings,
howlings, cries, blasphemies against Christ our Lord and against all His
Saints. The third, to smell with the smell smoke, sulphur, dregs and putrid
things. The fourth, to taste with the taste bitter things, like tears, sadness and
the worm of conscience. The fifth, to touch with the touch; that is to say, how
the fires touch and burn the souls.

Transferring this principle to the realm of art, Gabriele Paleotti, cardinal
and bishop of Bologna, declares in his Discorso intorno alle imagini sacre
e profane (I, xxv, from 1594; my translation from [9: 71f]):

Telling the martyrdom of a saint, the zeal and constancy of a virgin, the
passion of Christ himself, are things that touch the true; but when they are
present in live colours, here in front of the eyes the martyred saint, there the
virgin assaulted, and on the other side the nailed Christ, this truly increases
the devotion and wrings the bowels, so that he who does not feel it is made
of timber or marble.

This reveals another aspect of the Baroque: the Baroque work of art is a
Gesamtkunstwerk, a planned totality where all elements are to fit together —
in good agreement also with the connection between the Baroque and court
culture. In the terminology of the young Habermas, the Baroque is a “repre-
sentative public sphere” (Reprdsentative Offentlichkeit), the exhibition of
“truth” ad oculos, beyond possible doubt or debate (though certainly not
beyond idiosyncratic personal interpretation).

A strong emotional involvement of the flock impedes criticism and rational
doubt and is thus fundamental for the functioning of a representative public
sphere; but the clerical insight in its necessity prevented the degeneration
of art into one-dimensional didactic, however much the bishops from Trent
had aimed at exactly that. The Jesuit Antonio Possevino (1534-1611),
friend of Clavius, thus writes in his Tractatio de Poési et Pictura ethnica,
humana et fabulosa collata cum vera, honesta et sacra (1595)° that

®  Translated after Paola Barocchi’s edition [15: 11, 458].
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the painter should take advantage of the whole of philosophy, in particular of
moral philosophy, since the depiction of the soul and the expression of all its
sentiments, agitations and other commotions makes the art of painting
deserve the highest praise. The soul, indeed, being various, irascible, just,
inconstant, and abominable, clement, sweet, compassionate, sublime, vain-
glorious, humble, proud, and frivolous, he who is able to do that is certainly
not lacking in acuteness of mind.

These quotations allow several supplementary observations touching at our
topic.

Firstly, we may return to the quotation from Ginzburg and take note of the
contrast between Possevino’s outlook (which he shared with many Jesuits
and with much Jesuit practice) and the one-way moralizing of Puritanism
and Lutheran orthodoxy: none of these could accept a similar inextricable
conglomerate of good and evil. It may be no accident that witch burning
was less common in regions where Jesuit Baroque culture was strong than
in Lutheran areas (although, as has been observed, the Spanish inquisition
may simply have been too busy burning heretics to bother much about
witches).

Secondly, we may notice that erudite Baroque poetry — say, that of
Gongora, Donne and Gryphius — is not at all fit to serve “the indoctrination
of the masses from above”, and in so far not easily related to the Trent
decree and its definition of the tasks of (church) art. This kind of poetry can
be understood, however, exactly in the context of the way Paleotti, Posse-
vino and others filled out the programme. We may think of this passage
from John Donne [16: 178]:

I throw myself down in my chamber, and I call in and invite God and his
angels thither, and when they are there I neglect God and his angels for the
noise of a fly, for the rattling of a coach, for the whining of a door. I talk on,
in the same posture of praying, eyes lifted up, knees bowed down, as though
I prayed to God; and if God or his angels should ask me when I thought last
of God in that prayer, I cannot tell. [...] A memory of yesterday’s pleasure, a
fear of tomorrow’s dangers, a straw under my knee, a noise in mine ear, a
light in mine eye, an anything, a nothing, a fancy, a chimera in my brain, trou-
bles me in my prayer.
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Loyola had also known about such disturbances (Ejercicios Espirituales
§§346-351 [13] [14: 84/]); but ultimately he ascribed them to “the enemy”.
The champion of the Counter-Reformation thus could still provide dichot-
omic simplicity by means of projection and reification; the Baroque poet,
like the theoretician Possevino, had come to acknowledge the inherent
quiet disorder of the human mind.

On the other hand, and finally, there is a striking contrast between Posse-
vino’s words and much of what we find with central representatives of the
New Science — Bacon’s belief that nature can be reduced to a finite number
of forms; Descartes’ clear and self-evident truths;7 the certainty of the
geometric method; the conviction of Boyle and others that the experiment
can establish solid facts; the faith of Descartes, Boyle, Leibniz and others
that the mechanized thought of algebra may serve as a general model for
the scientific and philosophical method.

General explanations

This latter contrast suggests a first general explanation of the absence of
Baroque inspiration in the New Science: the two cultural currents have
radically different programmes. We may think of Galileo’s vicious remarks
about Sarsi alias Orazio Grassi in /] saggiatore — the Collegio-Romano
mathematician who had dared to suppose a comet to be farther away than
the moon (and to point out that Galileo could not have performed his exper-
iments too carefully):®

It seems to me that I discern in Sarsi a firm belief that in philosophy it is
essential to support oneself on the opinion of some celebrated author, as if
when our minds are not wedded to the reasoning of some other person they
ought to remain completely barren and sterile. Possibly he thinks that
philosophy is a book of fiction created by some man, like the [liad or
Orlando furioso —books in which the least important thing is whether what
is written in them is true.

We may also observe that Descartes reproduces Loyola’s dichotomy by other means when he sep-
arates “the passions of the soul” from the soul itself (which is essentially thought).
8 Translation from [17: 183].
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At first we may believe that Galileo just postulates the incompetence of his
opponent — Benjamin Farrington’s words from 1938 [18: 437] come to
mind:
There is a phrase that has been much on people’s lips in recent times to the
effect that science is ethically neutral. It is, no doubt, possible to attach a
meaning to this. But it is also surely true that with regard to one, at least, of
the cardinal virtues science is not neutral: Science must be true.

However, certain turns in Galileo’s assault hint at a more precise aim.
Firstly, in the treatise which Galileo attacks, Grassi plays with Baroque
rhetoric and metaphors, albeit showing that these are metaphors by
explaining them; secondly, he permits himself to refer to the testimony of
ancient philosophers and even to such poets who — like Ovid and Lucrece —
were familiar with mathematics and natural philosophy

For one reason as well as the other, Galileo can insinuate an identification
of Grassi with probabilism [19: 23f], a doctrine according to which “in
matters of faith and morality, it suffices for the assurance of tranquillity of
conscience to follow a plausible opinion” ([20: A3] — where “plausible”,
that is, probabilis, means that an opinion is shared by one of several
(possibly discordant) recognized authorities. As observed by the horrified
Pascal, the consequence is that most humans will be innocent.’ That horror
may be one of the reasons Pascal and Arnauld created the concept of quan-
tified probability: without quantification, the opposite probabiliorist
doctrine — that the mos¢ plausible opinion must be followed — is ultimately
meaningless.

Beyond the Baroque acceptance of ambiguity and the tie between Baroque
culture and probabilism, we find another global conflict between the
Baroque and the New Science as the latter developed in the course of the
seventeenth century. As mentioned, the Baroque was a “representative
public sphere” — maybe the most striking deliberate construction of this
type of public sphere before the advent of modern advertising. In this
respect there is no fundamental conflict with the roots of Modern science
in courtly culture, as discussed by William Eamon [22]. However, from
around 1615 the barycentre moved toward circles of peers, from the meet-

9 Les Provinciales V1 [21:719].
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ings in Mersenne’s cell over Gresham College to the creation of the scien-
tific academies (to mention but the emblematic names). Thereby, the
ambience of the New Science became an exemplification of the other main
type of “public sphere” understood as locus for the creation of collective
conviction: the one where “truth” is not displayed but results from discus-
sion based on more or less well-defined shared principles between cultur-
ally qualified participants who, with respect to the discussion, are in
principle peers'® — the type of public sphere which the young and still neo-
liberalist Habermas believed to have emerged only with (petty) bourgeois
society.!! It is characteristic that striking displays of the new truth like
those of Otto von Guericke were performed for the Emperor and for the
Berlin court [28: 168] [29: 575]. More representative than the display of the
Magdeburg hemispheres is what Lorenzo Magalotti, secretary of the
Accademia del Cimento, wrote about Leopold, Medici prince and protector
of the Academy.!?> Lewopold liked

to act as an Academician, and not as a Prince. He is content to play the
second role only on occasions when there is a question of expense, gener-
ously supplying the needs of the Academy.

Close-up

Birds eye views are useful. The contrast between the quest for simplicity
and clear-cut answers on one hand and the acceptance of and even infatua-
tion with ambiguity on the other is probably a valid contribution to our
understanding of why a Baroque influence on the New Science is difficult
to discern; the reference to the foundation of the two currents in public

10" This point could evidently be elaborated and modulated. On one hand, the integration of the

Académie des Sciences in Colbert’s state system had as one consequence the introduction of a
hierarchy of pensionnaires, associés and éléves; on the other, printing gave new opportunities for
the development of a republic of letters encompassing all of those who had received adequate
education (in whatever way they had received it). Indeed, the norm that knowledge should be
made public (as knowledge that can be understood) is already expressed in the sixteenth century
in as unanticipated places as John Dee’s Monas hieroglyphica from 1564 [23] and della Porta’s
Magia naturalis from 1591 [24], cf. [25: 349f, 342f— cf. also Pamela Long’s discusion [26] of the
norm of openness as expressed in sixteenth-century writings on mining and metallurgy]. Since
this is not my present theme, I shall restrict myself to these hints.

This expansion of Habermas’ conceptual framework is presented in Danish in my [27], together
with a discussion of pre-bourgeois instances of an “argument-based public sphere”.

Quoted from [30: 56f]. Even though the claim may not be fully true (it seems not to be) it illus-
trates the ideal with which the secretary found it fitting to measure him as an academy member.
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spheres of discordant types is also likely to make a cogent point. However,
it may be useful to look at these general explanations through the lens of a
particular example: a character who was deeply rooted in the Baroque
mind-set and at the same time participated in the unfolding of the New
Science, or at least tried to do so — at best participating in its mathematical
and natural-science main current.

Two formidable characters propose themselves. One is Athanasius
Kircher, the other is Juan Caramuel. Kircher’s activity ranges more widely
in the natural-scientific field than Caramuel’s; Caramuel, on the other
hand, is more explicit as a theoretician of the Baroque. I shall concentrate
on Caramuel, returning briefly to Kircher, and mention Rudbeck in an
aside.

Even though all three are polymaths, we should not necessarily take all
polymathy as a characteristic Baroque value: much of it, for instance
Alsted’s encyclopediae, comes in the wake of Ramism, which in its love
for dichotomic simplicity is at least as far removed from the Baroque as the
New Science.

Caramuel’s Baroque

Caramuel was born in Madrid in 1606. He studied theology and entered the
Cistercian Order at an early age, and died in 1682 after having been bishop,
first of Campania'® and afterwards of Vigevano close to Milan. Many
among his more than 70 volumes can be linked to the theory of the
Baroque.

One of them is his Defence of the age-old and universal doctrine, about
probabilism. Against D. Prospero Fagnani’s new, singular and implau-
sible opinion [20]. The above maxim used to explain “probabilism” was
borrowed from the introductory résumé of this work. Further on in the same
résumé Caramuel states (exactly one hundred years after the Trent
council!) that

13" Thus in that same depressing area which Christ never reached because he “stopped at Eboli”, as

Carlo Levi’s local interlocutors claimed. For Caramuel no less than Levi, writing was a way to
survive mentally.
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if the theologians will be allowed for another hundred years to constrain
consciences with the same force as they have done these last hundred years,
then the conversion of the infidels will be made very difficult, and also for
the orthodox very great difficulties will most certainly have to be feared.'*

No wonder that Pascal, convinced of the sinfulness of all men, protests time

and again against Caramuel’s tolerance in his Lettres provinciales (cf. note
9).

Already in 1635 Caramuel had published an Easy and Clear Explanation
of Steganography, or of the Key of the German Solomon, loannes Trithe-
mius [31]. Since Trithemius had introduced it in the early sixteenth century,
“steganography” (the art of concealed writing) was in odour of cabbala and
black magic (for which reason Trithemius’s book was only printed a
hundred years later; cf. [32] [33: 169]); Caramuel exonerated it of all
dependency on demonic pact or superstition, understanding the crypto-
graphic technique instead as a way to uncover the secrets of the mind
through connotations. !>

Caramuel’s Metametrica from 1663 [35] is an extensive treatment of poet-
ical techniques. Here (p. 1 of the treatise “Apollo analexicus”) he phrases
the programme that

The whole machine of the world is full of Proteus. Wherefore let us grasp a
Proteic pen, that we may be able to praise Proteus
and he praises (“Apollo logogriphicus” p. 215) the logogriph as an

enigmatic song, which digs many significations from the same name, reading
backwards, taking away letters or adding others.

If anybody, Caramuel is thus an exponent for Baroque ambiguity, for the
use of connotative appeals rather than explicit messages. The word “auda-
cious” (audax) recurs in several of his titles — a Grammatica audax is the

14 Demonstratur tandem T heologos, ita centum annis ultimis constrinxisse Conscientias, ut si aliis

centum eodem impetu pergere permittantur, reddetur difficillissima Infidelium conversio, et apud
ipsos Orthodoxos inconvenientia maxima certissime timeri poterunt.

Here and everywhere in the following, translations from Caramuel’s Latin are mine.

Actually, in a treatise Cabala, hoc est, secretior interpretatio Sacrae Paginae (apparently never
published but referred to in the initial unpaginated list of Caramuel’s publications in [34]) he did
the same to cabala itself, using it to find hidden meanings in the Scripture. In the same place he
tells that his Metametrica (on which imminently) was nothing but a reinterpretation of cabala,
given this new name because of the notoriety of the old one.
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“praecursor logicus” to his Theologia rationalis (1554-55), and there is
even a Mathesis audax from 1644.' Even Caramuel’s understanding of
etymology is, as we shall see, “audacious™: It is not necessarily meant to
reveal the true historical origin of words but rather, like the logogriph, to
reveal concealed possible meanings.!”

Caramuel the mathematician

After 1663, the Jansenists and the Dominican probabiliorists got the better
of Caramuel, and he was no longer allowed to persist in moral and theolog-
ical tolerance. Instead he published two huge volumes in 1670 about one of
his other interests, namely mathematics. His Mathesis biceps [34], divided
into “old mathematics” and “new mathematics”, runs over more than 1800
folio pages.

About this work — the only one he mentions in his short “scientific biog-
raphy” — Juan Vernet [39] tells that

The full title is nothing less than Mathesis audax rationalem, naturalem, supernaturalem,
divinamque sapientiam arithmeticis, geometricis, catoptricis, staticis, dioptricis, astronomicis,
musicis, chronicis, et architectonicis fundamentis substruens exponensque. I have not been able to
see it, but according to the secondary literature it deals with combinatorics (that is, we may
observe, the mathematics of the anagram), meant to replace and outdo Aristotle’s organon as a
universal key to all sciences — see [36: 128] [37: 118] [38: 282-284].
On this point, reading of Caramuel may elucidate Rudbeck’s programme. In The Atlantic Vision,
Eriksson [2: 134] states that for Rudbeck the etymologies of the Atlantica have “a rather small
degree of credibility”, because Rudbeck compares them to “ornaments and paintings” on a build-
ing, whose walls and roof are constituted by the ancient written sources, whereas Swedish nature
itself makes up the fundament. However, the text which Eriksson quotes continues in a way which
shows that something different than mere low credibility is at stake (I quote from Eriksson’s
translation, repairing an omission):
Ornaments and paintings do not please all in like measure, for as one person wants green the
other wants grey, when the one likes Doric the other likes Jonic. With this I mean the style and
the origin of words, for maybe one is more pleased if Neptune has his origin from bathe or
depict rather than from ruling the sea, and Hercules rather from being the Honour of Juno (the
weather) or etc., than from being a warrior chief.
The walls and the roof are what I call the writings of the ancients with which the building is put
together. If they do not tell the truth, neither could I. For I did not live in the time of Troy or
before.
The foundation is what I call the country of Sweden, its lakes, mountains and streams and other
such things through which the ancients have described Sweden’s certain position, all of which
features remain undisturbed until the stone, mentioned by Daniel, who himself planted it, falls
from heaven crushing everything.
The ancient written sources thus have a lower credibility, compared to the arguments from geo-
graphical facts. Etymologies, on the other hand, are a domain which allows audacious subjective
choice and where “the least important thing is whether what is written [...] is true”.



61

although it contains no sensational discovery, [it] presents some original
contributions to the field of mathematics. In it is expounded the general prin-
ciple of the numbering systems of base n (illustrated by the values 2, 3, ..., 10,
12, and 60), pointing out that some of these might be of greater use than the
decimal. He also proposed a new approximation (although he did not say so)
for trisecting an angle. Caramuel developed a system of logarithms of which
the base is 10°, the logarithm of 10'%is 0, and the logarithm of 1 is 10. Thus,
his logarithms are the complements of the Briggsian logarithms to the base
10 and therefore do not have to use negative characteristics in trigonometric
calculations. In these particulars Caramuel’s logarithms prefigure cologa-
rithms, but he was not understood by his contemporaries; some, such as P.
Zaragoza, raised strenuous objections.

This could make us believe that Caramuel’s mathematics is as easily sepa-
rable from his Baroque poetics as Newton’s Principia from his “chro-
nology of ancient kingdoms” [38]. This, however, turns out to be yet
another confirmation of Léon Rodet’s principle [41: 205] that “when stud-
ying the history of a science, exactly as when one wants to obtain some-

thing, one should ‘rather ask God himself than his saints’”.!3

At first we may look at what Vernet sees as a presentation of “the general
principle of the numbering systems of base »”. It turns up as a meditatio
prooemialis before the treatment of arithmetic (proper), and is an answer to
the question (p. xliii)
whether arithmetic be one, or several? If several, which they may be? And
how do they differ from each other? Are they practical, or speculative? And
are they necessary?

Caramuel’s intention is not to produce a “general principle” but exactly the
opposite. After having described place value systems with base 2, 3, 4, 5,
6,7,8,9,10, 12 and 60 (explaining where each may be useful) and shown
how to calculate in base 2, 3 and 4 he concludes (p. Ixvi; italics from the
original) that
Firstly, it is thus established that several arithmetics are possible, which
differ from each other: indeed, as there are various languages in the world,

18 “Pour étudier I’histoire d’une science, tout comme pour obtenir quelque chose, ‘il vaut mieux

avoir affaire au bon Dieu qu’a ses saints’””.
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so they can be dissimilar, and varied with respect to the first return of the
unit. [ intend, 2, 3, 4, etc.,'? as we have shown above.

Secondly, it is established that all these arithmetics are analogous: indeed,
as all languages agree analogically in their flow, similarly, or certainly even
more strictly, the arithmetics agree. [...].

Thirdly, it is established that before the operation of the mind there is nei-
ther number not arithmetic. Truly, numbers are entities produced by the in-
tellect:*° and that the return of the same numbers depends on human free
will; and that these go back to the beginning at so many, and neither by
more nor fewer units is because it pleased those who first fashioned arith-
metic thus and not otherwise. [...].

We may find the level rather elementary, but Caramuel was none the less
the first to publish about different place value systems and describe algo-
rithms for calculating with them.?! The metamathematical stance is even
more original, too original indeed to the taste of mathematicians: only the
non-Euclidean geometries of the nineteenth century led some mathemati-
cians to accept this kind of pluralism; most, even then, only accepted the
non-Euclidean variants when Felix Klein had reduced even this pluralism
to a single “general principle”. It was never the prevalent habit of mathe-
maticians to stress the free subjective choice.

In the Mathesis biceps, on the contrary, subjective choice turns up even in
places where we would expect Caramuel’s choice to be anything but free.
Time and again he returns to the choice between the Copernican, the
Tychonic and the Ptolemaic world system, and as we should expect from a
Catholic bishop in 1670 he rejects the Copernican option. His formulations,
however, are not as we would expect. He does not say that this system is
contrary to Sacred Scripture but (p. 1392b) that “the cardinals have
declared it to be contrary to Sacred Scripture” (which indeed they had; the
statement is preceded by a list of “famous mathematicians” — Galileo,

19

The meaning is that in the dyadic system, the unit “returns” as 2 (which will be written 10), etc.
20

In the next paragraph, Caramuel emphasizes that numbers are not chimerical figments of the mind
but formed by the mind, and that after the operation of the mind they truly exist in things. His
“relativism” is Einsteinian (no frame of reference is privileged, but all are equivalent and transla-
tion is possible), not postmodern in Feyerabend-Latour style.

Harriot had done as much before, but in an unpublished note [42]. In the early thirteenth century,
Jordanus de Nemore had explained the possibility of place value fractions with different bases,
speaking of them as “consimilar fractions”, and confronting with “dissimilar fractions”, ascend-
ing continued fractions with changing divisors.

21
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Kepler and others — who support the Copernican system).?> Caramuel’s

own opinion is stated in phrases like “for me, the earth stands still” (p.
1581a) or (p. 1400b)

We have no need for that which the Church has condemned. When hence the
Copernican system has been rejected, the two others remain in court.The
Ptolemaic system is implausible [improbabile]: Nobody can indeed deny that
Venus and Mercury move around the sun. Thus the Tychonic system stands.

Algebra!

Caramuel wrote long after Cardano, Bombelli. Viete and Descartes, and it
therefore seems adequate that algebra is treated on 108 folio pages. What
is immediately striking is that these pages belong to the first volume,
“ancient mathematics”. However, this location turns to be well-founded.
Nothing of what these four authors had done has indeed left the least trace
in Caramuel’s algebra.

This does not mean that Caramuel just explains or repeats what can be
found in algebraic writings from the earlier Renaissance or the Middle
Ages. As far as | know, no precursor ever dealt with the material as does
Caramuel. His basic idea — a free choice if any — is that algebra or “abstract
proportion” is an extension of the “false position” and the rule of three.?®
For this reason, his algebra never goes beyond the first degree, even though
his presentation of algebraic symbolic notations suggests a notation for
higher powers which in principle is related to that of Bombelli (but so
different in its concrete shape that borrowing can be excluded).

22 Elsewhere (p. 105) he declares the stance of the cardinals to be prudent, because nothing in the

Sacred Scripture suggests the earth to move, but much that it rests.

Both terms may be in need of explanation.

First the “false position”, which may be “simple” or “double”. A number, to which 1/7 of itself is
added, gives 19. In the “simple” variant we make a convenient but probablgl false guess — for
instance, that the number is 7. Adding its 1/7 gives us 8 — but we should have ! /3 as much. There-
fore, our guess should also be multiplied by 19/8. In the “double” variant we make two guesses
(for instance, 7 and 21), and find the result as a mean, weighed in inverse proportion to the two
resulting errors (the principle of alligation).

Next the “rule of three”. 3 sacks of flower cost 17 shillings, what is the price of 4 sacks? The rule,
as it is formulated in late medieval abbacus books, prescribes that we multiply [the counterpart of]
the things we want to find (that is, 4, namely 4 pounds) but the magnitude which is not of the
same kind (17, namely shillings) and divide by the third magnitude (3, pounds).

Both methods, we see, are rather alternatives to algebra as we know it from the medieval treatises
than fundaments for it.

23
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I shall take up only a few aspects of Caramuel’s idiosyncratic algebra. At
first (pp. 99-110) comes a philosophical deliberation whether it is possible
to derive true conclusions with necessity from false premises. This deliber-
ation is necessary precisely because of the identification of algebra with the
“false position”. Caramuel rambles widely. He moves through the schemes
of Aristotelian logic (not least of course modus tollens, the “indirect proof”
whose schematic figure called barocco may indeed have given rise to the
nickname which the Enlightenment gave to seventeenth-century art?*); the
fictions of legal thought; theorica planetarum with its falsely assumed
epicycles and crystal spheres; logarithms; the indirect proofs of mathe-
matics; and finally the false position. The conclusion is a denial of the
possibility — Caramuel, like Farrington, thinks that “science must be true”,
his steganography and logogriphs should not be seen as a rejection of the
demand for truth; but as Paleotti’s way towards piety, the path toward truth
may be indirect, poetical rather than through explicitly argued discourse.

This is clearly exemplified in what follows on pp. 117-119: an etymolog-
ical investigation of the origin of the names of algebra: algebra, cossa and
almucabala.

First comes a philological discussion of the proposal to derive algebra from
the name Geber, a discussion which is at the level of seventeenth-century
standard philology at its best. Caramuel objects that Geber Hispanus (Ja bir
Ibn Alfa) must have lived around the twelfth century, which is too late. But
then Caramuel goes on, at first with a borrowing from Alsted’s Encyclo-
paedia [43: 111, 844a]:
Algebra is an arabic word, which means the doctrine of the excellent man:
AL, indeed, is the article: GEBER means Man: and it is often a title of
honour, as with us Master, or Doctor. Today this book is much venerated
among the erudite nations of the Orient, and by the Indians who are very
fond of this art it is called Aliabra, or Alboret, since they do not know the
proper name of its creator.>> Certainly rbg, GABAR, in Arabic is restored.
And as the article is '7}{, AL, prefixed, the restoration of arithmetic was
XT225K.

24 The other standard etymology derives the word from Portuguese barroco, an imperfect pearl. As

far as metaphorical value is concerned, one explanation is as plausible as the other (which cer-
tainly would have pleased Caramuel if the word in its current meaning had existed in his times).

25 Here the first borrowing from Alsted ends.



But why do we call the same science cossic, and the special numbers which
it makes use of, cossic numbers? In Tome 2, book 14, chapter 4, § 1 in Al-
sted: Moreover, Algebra was called the art of res, and census by certain
Latin writers, as with Regiomontanus; by the Italians (read, by the Span-
iards)*® Arte de la cosa, from which Cossa. Christoph Rudolph, excellent
master of this art, considers that the rule is called Cossic, as Art of things,
because it serves to solve questions about hidden things: after the manner
in which arithmetic books usually express themselves in all problems, We
lay down a thing. Further, by certain Greeks Algebra was called Analytica.
They also, etc.?” [...] And there are in Europe two current names, Regula di
tre [the rule of three], and Arte de la Cosa, the former Italian, the latter
Spanish, which clearly indicates how much these two nations have promot-
ed, adorned and made illustrious arithmetic.

Further, if you do not want to favour the Spaniards, you shall say that the
term Cossa comes from the Hebrews or the Arabs to the Greeks and the
Latins. Indeed O3, Casar, with the Saracens is to Break [Frangere], and
therefore should mean the science which considers broken numbers [i.e.,
fractions]. Add to this that one may derive an etymology from the roots
XXED QAZA, Judged, and XD, QAZAR, was Brief: indeed, this science is a
kind of arithmetic which is fit for judging, and most sure in matters con-
cerned with numbers. An indication that it solves with utmost security and
concision difficulties which ordinary arithmetic is hardly able to solve
when moved in roundabout ways and labyrinths.

Johannes Geysius?® explains the word differently. In Book 1 on the Cof,
chapter 1, he says, COSSA comes from 103, CASA, that is, Weaved; it
teaches indeed to find a number which has been hidden. Etc. This indeed 1
do not understand, since “to weave” [fexere] is not “to reveal” [detexere].
Say thus that this ability was named from weaving because it disentangles
numbers which have been woven together and intertwined; so that the de-
nomination refers not to the science but to the object.

26
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This correction is inserted by Caramuel, who has not forgotten his Spanish origin even though he
is a bishop in southern Italy. According to my work on the beginnings and background of Italian
abbacus algebra Caramuel may indeed be right in as far as the first algebraic use of the word is

concerned.

Alsted goes on “They also called normal arithmetic synthetic”, and explains that with reference to

other works from the Ramist tradition.

A parson [44: 220] and, as we see, amateur mathematician at the Rechenmeister level, who wrote
10 pages (vol. III, pp. 865—874) on algebra in Alsted’s encyclopedia. Alsted refers to him as cos-

sista.
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In Greek it can also be called KOZ IKH, since KOZIMBOS is a Knot.”° And
actually, all problems which are treated by this science are knots which you
cannot solve if not by breaking (dividing unity). And also, if anybody is au-
dacious, from Cos, a Latin word, Cossica is almost as saying Cotica. The
mind actually needs a whetstone [cos] in order to be sharpened, and this sci-
ence sharpens the mind, which is often dulled by badly digested methods.
But even the small worms which bore through the hardest tablets are called
Cossi by the writers on natural history. Also, if anybody is audacious, the
name may be drawn from here. Indeed, if the multiplication table is easy
and can be penetrated by any mind, others are hard, and cannot be penetrat-
ed if not by learning the Cossic art.

Further, it follows from Johannes Geysius’s Book 1 on the Cofs, chapter 4
No. 4 that Cof; and Algebra are the same thing. There he says, /¢t is also
called ALMUCABALA, that is, Hidden tradition; and also ALGEBRA, that is,
Magisterial Art. Etc. And Alsted, who in Tome 2 book 14 § 1 says, It is told
that there was one remarkable Mathematician, who wrote down his art in
Syriac language and sent it to Alexander the Great, and called it ALMUCA-
BALA, that is, book on hidden things (this Art, indeed, teaches how to find
a hidden number), the doctrine of which others preferred to call ALGEBRA.
None of them expresses the precise meaning of the word. Indeed, i '73P is
Tradition, from the root '7317 QABAL, fo transmit. Since they would not di-
vulge it, they did not transmit it in writing but orally to disciples. 3" '7:1PD
MAQABALIM are Cabalists, and when the article is added it could be called
AL-MUCABALA, not in Syriac but in Arabic.

ENAPI®MOS is said about the one who is appreciated, a distinguished and
extraordinary man: from which ENAPI@OMIKH, some noble and distin-
guished kind of arithmetic, which is appreciated by learned men.

But one may also call this thing METAPT®MIKH which has gone beyond the
measure of common arithmetic and traverses the fields that lay beyond it.

It should be obvious that Caramuel does not believe that the etymologies
from Casar onwards are historical truth. They are propounded for the case
“you do not want to favour the Spaniards”; some are “audacious”, and
repeatedly two alternative explanations are combined into one figure (as

29

The spelling ought to be xooUuBog, which actually is something made from knots (a hair-net

etc.); but Caramuel’s translation agrees with that of dictionaries from his century.
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qaza and qazar). As the steganography and the logogriph, these etymolo-
gies are meant through poetical play to dig out — or rather display — aspects
of the nature of algebra. That these aspects are indeed prior to the etymol-
ogies can be seen for instance from the example KOS IKH/kooUupog:
only the one who already knows that he wants to get to broken numbers
(that is, to transcend the Greek concept of number as a plurality of units)
will find it in knot.

The Reception

As we see, Caramuel’s Mathesis biceps is soaked with ambiguous and
poetical Baroque subjectivity — so far removed from the Counter-reforma-
tion “constraint of consciences” that only familiarity with the mediating
process allows us to discern the connection. Caramuel’s Baroque is no
external aspect, no mere decoration, as Grassi’s poetical references in the
treatise about the comets: it inspires the investigation of the “plurality of
arithmetics” and allows the understanding of algebra as an abstract version
of the false position. Even when writing about mathematics, Caramuel
remains a Baroque mind.

Was he a mathematician all the same? The creators of the New Science
appear to have nourished some doubts — as Vernet points out, they did not
understand the new mathematical ideas contained in the mathesis biceps
(Leibniz had to reinvent the place-value system), and the rest did not
interest them. If we look for references to Caramuel in Oldenburg’s corre-
spondence®® we do not find much. In 1668 John Collins (vol. V, p. 213)
lists his Solis et artis adulteria as one of those books in a catalogue “which
I doe not much desire unless cheape”; in 1669 (vol. VI, p. 228) he asks
Oldenburg “how he approoves the treatises of John Caramuel Lobkowitz
Intituled Ingeniorum crux et Mathesis audax”. Oldenburg (vol. VI p. 234)
forwards the question to René-Francois de Sluse, who answers (vol. VI, p.
525) that “I saw the Mathesis audax and Sublimium ingeniorum crux very
many years ago, but saw them only, nor does any memory of them remain”.
In 1670 Sluse offers (vol. VII, p. 256) to get hold of the Mathesis biceps

30" [45]. Where the letters are in Latin I quote from the stylistically faithful English translation of the

editors.
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when it becomes available. In the meantime, Oldenburg has received a
letter from Frangois Vernon (vol. VII, p. 273), which refers to

a great Vast Bulke of Caramuel, Able to fill a Library. His Mathesis biceps,
speculative & Practicall [sic] 2 vol in Folio. His Calamus 2 volumes more
[i.e., Metametrica] & whc is worse hee is [not] contented with the loade hee
hath laid on the world already. but he promiseth to Plague it wth I doe no
know how many volumes more.

In consequence, Oldenburg answers (vol. VII, p. 368) that

As for the two ample volumes of Caramuel Lobkowitz, we understand them
to be damned with faint praise, which has cooled our desire to see them.

Sluse, on his part, concludes (vol. VII, p. 484) after getting hold of the
volumes that

I have looked through Caramuel’s farrago, and indeed, to speak kindly, its
utility does not seem proportionate to its bulk.

This was all — neither much nor very positive.

Historical or historiographical problem?

An examination of Kircher’s works and their reception would lead to
similar results. Most of his works about nature deal with issues and objects
for which it was less easy to judge the validity of new results andproposals
than in the case of mathematics — magnetism, the subterranean world,
applied acoustics — so the rejection is less absolute. Yet the difference is not
significant — when Kircher approached nature as a Gesamtkunstwerk or
theatrum it was difficult to find a perspective which was theoretically
fruitful or seen as such by the representatives of the New Science.

In so far we may say that the absence of a Baroque impact on the New
Science is a fact of history, no historiographical blind spot. Works which
were too close to the Baroque current with its emphasis on ambiguity and
poetico-connotative understanding were too far removed from the sensi-
bility of the New Science to gain much influence. When they offered new
answer, these were to questions which seemed outdated or irrelevant, or
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they concerned matters that were too complex to allow the answers to be
convincing.

However, once work with the Baroque prototypes (not “ideal types”, since
Caramuel and Kircher were quite real!) has opened our eyes to character-
istic Baroque features, we may find such features elsewhere though as a
rule not together. I shall not go into details but just suggest three sketchy
examples.

First we may think of Scott Mandelbrote’s distinction between two kinds
of natural theology in seventeenth-century England [46]: on one hand the
“Wilkins-Boyle” type which
stressed the importance of the providential ordering of nature and the conse-
quent lawful operation of the universe as a proof of divine superintendence
and of the power of the divine will

on the other that of the Cambridge Platonists, which based its argument on

appeal to the wondrous activity found in nature, of which regularity was only
ever a part, and which required the constant, creative involvement of a hier-
archy of spiritual agents

and which

was ultimately weakened by its association with credulity and with discred-
ited attempts to prove that spiritual agents could be observed at work in the
world.

The spiritual agreement of the latter group with the Kircher we know for
instance from the Musurgia universalis is not perfect, nor is it however
totally absent. The reasons for rejection are also fairly alike.

Next, we may turn our attention to the title pages and frontispieces of scien-
tific printed works of the epoch. The point is not that these look very much
like other visual art from the epoch, and thus as “Baroque”; this could
hardly be otherwise.?! Significant is that they served to carry a message by
indirect, metaphorical means about the trustworthiness and legitimacy of
the book under the frontispiece. As stressed by Volker Remmert [47],
however, the message of the frontispiece was not only distinct from the

3 Similarly, Eriksson’s observation that “we must admit [the] striking baroque character of New-

ton’s monument in the Westminster Abbey” [2: 164] is irrelevant as an argument for declaring
Newton a Baroque scientist.
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technical argument of the book, which it would indeed be hard to translate
into emblematic pictures; it was also largely directed at a different audi-
ence, an audience that was hardly able to follow the technical discourse.
The text of books was thus directed at the argument-based public sphere of
what was soon to be called the “republic of letters”, whereas the frontis-
pieces — which were indeed so detached from the argument of the book for
which they were produced that they might be transferred to quite different
books — were directed at a distinct, representative public sphere.

We may finally ask whether the tenacious dedication of certain late-seven-
teenth and early-eighteenth-century virtuosi to the study of insects, worms
and microscopic animals irrespective of the scandalized antagonism of
galant society and writers like La Bruyére and Addison [48: 29f and
passim] can not be seen as a sympton of Baroque obsession with everything
proteic.

If such suggestions of Baroque presence are taken into account, we may
conclude that the total absence of the Baroque from the historiography of
seventeenth-century science is also to some extent a historiographical arte-
fact. But this is a different story which I shall not pursue.

A third story — no less important, perhaps, but which I shall not take up
even sketchily — is the modernity of the Baroque. Not, of course, in relation
to modern science, but as the starting point for an understanding of the
nature and tasks of poetry that was to unfold in the aesthetic theory of the
twentieth century (see [49] and [50]) — and (less flattering perhaps for the
seventeenth century but quite to the point if we think of the initial inter-
twinement of the Baroque with Counter-reformation propaganda) in rela-
tion to the contemporary calculated use of emotion, ambiguity and indirect
messages in the advertisement industry.
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Laudatio Pia Letto-Vanamo
M. Maresceau

Prof. Letto-Vanamo was born in Rovaniemi in the North of Finland. She
studied law at the University of Helsinki. After her graduation she became
a research associate at the Finnish Academy and university assistant. She
prepared a PhD research on “The Beginning and Early History of the
Finnish Legal Profession” and obtained her doctorate in 1989. Afterwards
she became assistant professor in History of Law at the University of
Helsinki and guest researcher at the Max-Planck-Institiit fiir Europdische
Rechtsgeschichte in Frankfurt am Main. In 1991 she was appointed
professor in Roman Law and History of Law at the University of Helsinki.

In 1997, while continuing various teaching commitments in History of
Law, she was also attached to the Institute of International Economic Law
of the University of Helsinki. In 1999 she received the Jean Monnet Chair
at the same university, which implied a strong orientation of her academic
activities towards EU affairs, in particular EU law. In 2001 she became
Director of the Institute of International Economic Law. Recently, she was
also appointed Director of the University of Helsinki Graduate School
“Foundations of European Law” and became Co-Director of the interna-
tional research team “Europe as a Market” in the Centre of Excellence for
Foundations of European Law and Polity Research. In addition, from 1997
to 2003 prof. Letto-Vanamo was President of the Finnish European Studies
Association and in that capacity she was and is a prominent and very active
member of ECSA (European Communities Study Association) World.

Prof. Letto-Vanamo was regularly extra muros member for doctoral disser-
tations in Finland and abroad and taught as a visiting professor at various
foreign universities.

75



76

The fields of research of prof. Letto-Vanamo are: history of law and in
particular European legal history, the history of the legal profession, the
Nordic legal tradition with, of course, a strong emphasis on the specific
position of Finland. Within this topic, “access to justice” occupies a prom-
inent place. But, — and this may appear rather astonishing — prof. Letto-
Vanamo has been able to combine these initial research fields with a strong
orientation of her academic and scientific activities towards European
Union law, one of the new branches in the field of law.

Within the area of European Union law, the focus is on the “Third Pillar”,
that is the law related to Justice and Home Affairs. The “rule of law” and
its role in the broad European legal tradition as a fundamental principle of
the European Union receive particular attention and one of her important
publications has as a title: “Rechtsstaat als Kriterium fiir Europa”. It is
well-known that respect of the “rule of law” in the political and legal condi-
tions for membership of the European Union, as launched by the 1993
European Council of Copenhagen, is one of the most important considera-
tions in the assessment of a Candidate State’s ability to become EU
member.

It is totally impossible in this laudatio to provide an exhaustive list of prof.
Letto-Vanamo’s publications. Only a few ones can be mentioned here:
History of Assistance in Conflict Resolution in Finland, Helsinki, 1994;
Beginning and Early History of Finnish Legal Profession, 1989; Europe in
Law. Lectures in Legal History, Helsinki, 1995; The Law of the Ting
Community. The Jurisdiction in Sweden-Finland Before the Stabilisation
of the Conflict Resolution of the State, 1995; Europe as a Legal Community
and Possibilities for Co-operation, Helsinki, 1998; Access to Justice: A
Conceptual and Practical Analysis with Implications for Justice Reforms,
2005; Moments of Finnish Justice in the 1970’s, 2005.

The proposal to award the Sarton Medal to prof. Letto-Vanamo received an
enthusiastic and unanimous response from the Law Faculty of Ghent
University and the Sarton Committee. The unexpected combination of
history of law on the one hand with the process of European integration and
cooperation on the other hand makes of prof. Letto-Vanamo a very special,
yes indeed unique, laureate. She is one of the very rare law professors who
has successfully been able to combine these two at first sight totally
different worlds. The most appropriate manner for the Law Faculty to pay
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tribute to our colleague prof. Letto-Vanamo for such a “tour de force” was
— how could it be else? — the Sarton Medal Award. We are delighted and
honoured that she has accepted the Award and that she is today among us
to give a lecture on “Law, History and European Integration”.






Law, History, and European Integration

Pia Letto-Vanamo
University of Helsinki

1. Introduction: The title of my paper is “Law, History, and European Inte-
gration”. The subtitle, however, could be “Some Ideas for Rethinking Eu-
ropean Law”. Actually, it is quite popular to “rethink” — at least among my
colleagues in the Nordic Countries. Indeed, some weeks ago I gave a
speech at the University of Copenhagen at a conference arranged by my
Danish colleagues in legal history, legal theory, and legal sociology. The
topic of the conference was ‘“Rethinking European Legal Culture”. Then,
too, my faculty at Helsinki has a Centre of Excellence for Foundations of
European Law and Policy Research (see: http://www.helsinki.fi/katti/foun-
dations/), where the main goal is to rethink European law, especially as far
as concerns the current doctrine of legal sources and legal reasoning.

Evidently, my Nordic colleagues are right in their rethinking approach.
Generally speaking, we — working and studying at universities — should
always be capable of and ready for rethinking, for seeking new perspec-
tives, for questioning old truths. More specifically, European integration is
challenging us to new narratives of the history of European Law, and to
new ideas about its future, particularly with the enlarged European Union.

I have three main points in my paper: First, I will deal with European legal

history, about a definition of a Furope of Law that can be found in the

writing and teaching of legal historians in most European countries. After

that I will discuss the law of Europe by presenting some trends in current

development of European Law, and claiming that:

a) many European laws exist — or at least many different approaches to
legal harmonization, which is true even within the European Union,
and
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b) atrend is under way from substantive law to procedural law that can
be seen in European regulation, both within the European Union and
at national level, too.

Finally, I will comment on European justice (Gerechtigeit), which is — or
should be — something more than purely and simply European legislation.

2. What is Europe?: When we try to define Europe by reading books and
articles written by historians, philosophers, or even political scientists we
easily recognize how they all agree that Europe is not only a geographic
unity, but it is also something ideal, something cultural.

At least three key elements defining European identity are mentioned.
These are Christianity, Greek philosophy, and Roman law. And while stud-
ying texts written by legal historians, the most important foundation of
Europe seems to be Roman law.

Thus, we are telling our students the story (hi-story) of European legal
thinking by claiming that European legal systems have similarities — even
a common core — based on the influence of Ancient Roman Law.

This story has been, and could be criticized; not only because of its euro-
centrism, but also because it is told mainly by German legal historians,
neglecting legal historical developments in the European “peripheries”
such as those in the Nordic countries. However, it is quite a good story, a
great narrative of the importance of law in Europe. The most crucial point
in the heritage of Ancient Roman Law is the idea of an autonomous norma-
tive (consequently legal) order regulating relations between human beings.

That is something European, which becomes clear when comparing Euro-
pean legal tradition(s) with other legal traditions of the world. Of course,
even in Europe legal norms do not emerge or function in a vacuum; and it
would be impossible to think that a national or supranational legal order
(especially with criminal law norms) could be efficient without reflecting
the basic ethical and moral values of the society concerned.

It is not only the idea of law we have acquired from Ancient Rome. The
most important institutions and concepts of modern European (private) law
can be found in ancient literature: in the Institutions of Gaius and in the
Digest, the second part of the Justinian Corpus iuris civilis from the 530s
AD.
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It also appears that European integration — the founding of the European
Community in the 1950s — would not have been possible without countries
with similar legal orders: sharing the same basic ideas concerning, for
example, contract law and issues of liability.

Today, we see that the European Union is not only furthering economic
integration. It is furthering legal integration, as well — by using legal instru-
ments for the purposes of economic integration. And the law is also present
as a criterion for membership of the Union. According to the so-called
Copenhagen criteria, only states respecting the principle of the rule of law
(Rechtsstaat) can become members of the EU. Thus, the law is also impor-
tant for economic relations, for a well-functioning market economy, and
for co-operation between state authorities.

You may remember how Max Weber, one of the big names in European
legal and political thinking, wrote about “the European way” by main-
taining that the big cities with their economically active bourgeoisie were
crucial for the modernization of law in Europe. Predictability was and is of
importance in economic relations; and this can be guaranteed through legal
norms and their application by independent courts.

But where European integration is concerned, it is not the idea of law — or
law as an instrument — that is important. Additionally, the so-called second
life of Roman law used to be mentioned, at least for educational reasons.
Then the focus was on the history of European universities and the recep-
tion of Roman law. We learned that many still-functioning European
universities, such as the Universities of Bologna, Paris, Montpellier,
Cologne, and Prague, were founded in the Middle Ages. We also know that
in all of them it was usual to study law — both Roman law and Canon law.

Researchers of university history have told us that the medieval universi-
ties, their teachers and students, formed an early European network of law
— that of trained lawyers. They read the same books, compiling and
commenting on Ancient Roman law texts. The same teaching method, the
scholastic method, was used, the Latin language was the /ingua franca of
university education, and very often students and professors were travel-
ling around Europe, moving from one university to another. Researchers
interested in the history of the legal profession have found that those
universities trained young men as judges, secretaries (often with the title of
syndicus) or advocates mentioned in the court records of the big cities or in
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the early high courts. They were representatives of the European ius
commune, the Roman-Canon common law.

However, this narrative can also be criticized. At least, it should be
mentioned that many variations existed of the European Roman-Canon ius
commune, like today with European Community/Union Law. Additionally,
it can be claimed that legal scholars always have double citizenship. We
learn — and are inspired by — foreign theories and ideas, but we are also
practitioners: Legal ideas will be tested through legal practice, and interna-
tional ideas such as new European legal principles or concepts have to be
transposed into national environments in light of relevant societal and
economic conditions.

3. (a) Nevertheless, that (hi)story contains something very interesting. In
the Middle Ages, Ancient Roman law was not only taught and learned — it
was also reformed and systematized. Canon law became systematized, as
well. Since then, we have had many common classifications, categories,
and concepts in European legal science(s). Roman law has been important
for development of private law doctrine. Ideas and concepts from Canon
law cannot be denied where the history of public or criminal law is con-
cerned. For instance, the principle of subsidiarity — crucial for today’s EU
Law — was developed by canonists.

And it is this period of European legal history that has mostly inspired
scholars of today — at least those interested in harmonization of current
European law on the basis of common European principles, common
concepts, and of common European legal education. This can be called a
model of bottom-up-harmonization. This model has inspired most
academic working groups for European legal harmonization, such as the
Lando Commission drafting Principles of European Contract Law (PECL),
or the Acquis Group (European Research Group on Existing EC Private
Law), or the group of professors that recently drafted and published (in co-
operation with the European Commission) a Draft Common Frame of
Reference (DCFR; Principles, Definitions and Model Rules of European
Private Law).

These academic groups have so to say an opposite agenda to that of the EU
legislator with “sending” often quite fragmented competition, consumer,
and other norms (regulations and directives) to Member States, where
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national state authors with the help of legal professionals try to place them
into the national legal order and implant them into the national legal
doctrinal system. This can be called a top-down-approach to European
harmonization.

But still other approaches exist to European legal co-operation, even within
the European Union. We all know something about international private
law, about its system based on complicated choice of law rules and the
principle of ordre public protecting basic values of the national legal order/
society concerned.

You might also know of quite a new EU Regulation called the Rome I
Regulation (EC 593/2008) on the law applicable to contractual obligations
(based on the Rome Convention, 1980). The regulation includes, for
example, rules on freedom of choice and on the applicable law in the
absence of choice. Astonishingly, this contains no references to the Princi-
ples of European Contact Law (PECL) or to the UNIDROIT Principles of
International Commercial Contracts (2004). However, in a workshop in
Helsinki two weeks ago (December 2008) one of the drafters of the Regu-
lation stated that it was the will of the EU Member States not to open up the
use of bottom-up-drafted principles. These are made by law professors —
not through the democratic legislative procedure of the European Union.

Thus, competing approaches exist to harmonization of European law.
Apart from law professors, national states, the European Parliament, and
the European Commission, at least one other actor interested in develop-
ment of European (Union) law has to be mentioned. This is the EU judi-
ciary. Today, the European Court of Justice is — perhaps not “running
wild”, but playing a crucial role by widening the scope of European Union
Law. This can especially be seen when human rights and other basic rights
are concerned.

Atleast one ECJ case ought to be mentioned. This is the so called Kadi case
(Yassin Abdulla Kadi and Al Barakaat International Foundation against
the Council and Commission; Joined Cases C-402/05 P and C-415/05 P).
Through this case, the European Court of Justice is re-defining the relation-
ship between international law and EU law — by annulling a Council Regu-
lation based on a Resolution of the Security Council of the United Nations,
because it infringes Kadi's and Al Barakaat’s fundamental rights under
European Community Law.
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3. (b) It is not substantive law that seems to be important for the European-
ization of law. And it is not the European Union that has been the agent of
legal harmonization in Europe. The Council of Europe, the European Con-
vention on Human Rights (1950) and the European Court of Human Rights
ought to be mentioned here, as well.

In my country, entry to the European Union (in 1995) was no legal revolu-
tion, but ratification of the European Convention on Human Rights (1990)
was — at least a small one. Article 6 of the Convention on the right to a fair
trial was the main reason for a deep-going reform of the Finnish court
system and legal procedure in the 1990s. Indeed, several cases against
Finland in the Strasbourg Court have dealt with the requirement of Article
6 §1 that a decision must be made within a reasonable time.

Further, many other EU countries — not only new Member States — have
been on the receiving end of judgments from the Court of Human Rights
based on Article 6 concerning, for example, access to justice, independence
of the judiciary, and parties’ right to be heard.

At the same time, it is interesting to look at current documents of European
Union institutions. There, terms such as good governance, better regula-
tion, co-regulation, or alternative dispute resolution, European ombuds-
man, and so on, are commonplace. Often, they refer to the fact that
decision-making procedures are also important, or at least that a need exists
for new models of regulation or decision-making.

In my understanding, this can be seen as a sign that justice is also emerging
through certain procedures, by applying certain formalities. In every case,
an interesting idea lies behind the trend: the experience or the hope that citi-
zens (parties to a case) may accept negative decisions if they have had a real
opportunity to participate in the decision-making (or court) procedure, i.e.
they have been properly heard, and fairly treated.

From the perspective of legal history, however, this is nothing new. It is
well known that during pre-modern times people gathered together in early
court sessions, at the so-called thing, to talk of common matters and to
resolve conflicts. And although no adjudicating third party, no authorita-
tive sovereign, stood above the parties, nevertheless decisions made by the
thing assembly acquired acceptance or legitimacy. This happened through
participation — and through use of certain formalities (rituals), as well.
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4. However, justice has never been, and cannot be only something proce-
dural. This is true especially when justice in the meaning of gerechtigheid
is concerned. Then, one can ask whether a place exists for justice in Euro-
pean Union Law — or even more widely, in current European legal thinking.

To answer this question [ would like to refer to an interesting debate, to that
between Paolo Prodi and Jan Schrdder on the relationship between law
and justice. In his great book “Una Storia della Giustizia” (2000, translated
into German 2003) Italian historian Paulo Prodi claims that until early
modern times several fora, and a pluralism of legal orders, existed, where
(divine-) natural, secular, and ecclesiastical norms lived side by side. After
the Reformation and the fall of Natural Law, pluralism changed to a
monism of positive norms. Today, we stand solely in one forum, that of
positive written norms.

At the same time, justice (giustizia) has retired into the individual
conscience. Instead of a pluralism of legal orders, we are facing the dualism
of positive law and conscience. According to Prodi, we are facing develop-
ment towards a one-dimensional legal norm(ativity) without any meeting
with justice. Today, no binding legal ethics exist that could help us to deal
with the problems of our time. Thus, one can recognize the incompetence
of the one-dimensional norm in handling justice, especially when questions
about abortion, euthanasia, or protection of the environment are concerned.

In the article “Verzichtet unserer Rechtssystem auf Gerechtigkeit”
(Akademie der Wissenschaften und der Literatur 2/2005) German legal
historian Jan Schroder criticizes Prodi’s pessimism with examples taken
mostly from German legal history but also from current European debates,
those on so-called general legal principles and fundamental rights.

It is true that, during the era of the (pluralistic or) dualistic legal system,
injustice in positive law could be redressed by norms of Natural Law, or by
equitas as one form of justice. In our time this is not possible, but correcting
means are still available for a judge who regards positive law as unjust.
Since the 18th century a model of unwritten legal principles has existed, the
idea that positive law as such includes unwritten basics, so-called legal
principles. According to modern theory (since the 20t century) legal prin-
ciples surround positive law but with less binding force than that of ordi-
nary legal norms. Today, we also know the model of legalistic justice,
which covers modern fundamental rights and so-called general clauses of
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individual laws. Moreover, judicial technique has changed over time. No
longer are references made to justice as such, no use is made of “scientific
legal sentences” as in the 19th century, but application of legal principles
occurs — as “guidelines” from individual legal culture curing unjust posi-
tive law.

Thus, our time has not forgotten justice, but different techniques have been
developed for bringing it within the modern legal system. These techniques
are historically determined, and local variations in their use exist.

And still today, also according to Schroder, common or shared ideas of
justice exist for measuring positive law. For instance, no concept of
customary law could exist without collective ideas of justice. A custom can
become legal only if it is derived from a certain understanding of law.
Otherwise criminal customs could also become part of law. But often, in
current complex European societies dominated by the law, only members
of the legal profession have that understanding. Or at least they seem to
have it: otherwise such institutions would not exist beside or against tradi-
tional ones such as national and international soft law — with e.g. the new
lex mercatoria — based merely on ideas and acts of their own agents.

On the basis of historical analysis we can, like Paolo Prodi, point to the
dominance of pure law and individualization of the idea of justice, but we
can claim, like Jan Schroder, that the modern legal order also includes ideas
of (objective) justice. In my understanding, it is possible to assert that
collective ideas of justice are transported into European and national legal
reasoning and decision-making through fundamental rights. Individualiza-
tion is characteristic of modern ethics, but more consensus exists than
before on fundamental moral norms, at least within European institutions.
This can been seen in human and fundamental rights, where moral norms
have been translated into legal language.

Thus, the law is needed if different values cause conflicts between individ-
uals and groups. Then, legal principles, linked with fundamental and
human rights, do not define values of individuals and groups but guide
resolution of conflict between them. This can be seen, for instance,
concerning freedom of speech or freedom of religion. Thus, human rights
are guarantees for individual choices. And freedom of choice is one of the
foundations of modern law.



Laudatio Paul Eling
Robert . Hartsuiker

It is a great pleasure to introduce Paul Eling. The last time I saw Paul was
about ten years ago, when he was an examiner of my doctoral thesis. I am
glad to welcome him today under (at least for me) rather less stressful
circumstances. Paul obtained his PhD in 1983 at what was then called the
KU Nijmegen on a dissertation about laterality, a topic he was already
interested in as a student at the same university. He was then appointed for
two years as a researcher at the Max Planck Institute for Psycholinguistics
on a project about aphasia. Since 1985 he is appointed as professor in
neuropsychology at the Radboud University Nijmegen, and conducts
research in a domain that has received a great deal of attention in recent
years, namely the relation between brain and behavior. More specifically,
his research focuses on the biological basis of attention and learning. He
has published dozens of papers on this topic in scientific journals and he
has supervised numerous PhD students.

But a second strand of Paul’s research, and the reason why he is awarded
the Sarton medal today, is his contribution to the documentation and anal-
ysis of the history of neuroscience, a topic on which he has also published
dozens of papers. There are two major themes in this work. The first theme
is the history of neuroscience in The Netherlands and the contributions of
several key figures, such as Jacobus Schroeder van der Kolk, a contempo-
rary of F. C. Donders. The second theme is the history of aphasiology; here
Paul asks for example what Paul Broca and Carl Wernicke really said, and
how their views fit in their historical context.

What is so interesting about this work? I will mention two aspects. First, as
I said, the last two decades have shown an enormous increase in interest in
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studies on the relation between brain and behavior. This is true for
Academia, where the cognitive neurosciences have grown explosively, but
also for the outside world. Indeed, it is difficult nowadays to open the
science section of a quality newspaper, without being confronted with
(sometimes nicely colored) pictures that show brain activity while a person
is engaging in a certain behavior. To illustrate this, I conducted a search of
the digital archive of NRC Handelsblad with keywords like “brain
activity”, “brain scan”, and “fMRI”. This yielded dozens of hits, such as
“male brain responds strongly to contempt”, “brain punishes abnormal
judgment”, and “Chinaman calculates with different part of brain than
Westerner”. It is perhaps not surprising that such strong statements evoke
a response. The American philosopher Jerry Fodor sighs in the London
Review of Books “why, why does everyone go on so about the brain?”
Others speak unkindly about “chromophrenology”.

Although such comments often miss the point, they do illustrate the need
for critical reflection. In Paul’s words “Because of the enormous amount of
research that is conducted nowadays and the large pressure to publish more
and more, there seems to be little time and little desire for reflection. Where
are we now, what do all these findings tell us, which angles receive too
little attention?” If one then considers the way the history of the field is
typically portrayed, there seems to be a clear tendency to emphasize
progress. Scholars describe how limited, or wrong, research in the past was,
and in contrast how much we now know and how much we can now do.
But if one really delves into the history of the field, it turns out that this
progress idea is actually a misrepresentation. It is better to talk about a
continuous alternation of viewpoints. An alternation, for example, between
a period in which mind and body are considered as integrated, with a period
of Cartesian dualism (according to some a false trail from which the field
has only recently returned). And an alternation between a period in which
the dominant view is that each part of the brain can do everything, with a
period in which the dominant view is rather that specific mental functions
can be localized in specific regions of the brain.

A second reason why Eling’s approach is interesting, is that one can obtain
a much better understanding of certain positions from the past if one goes
back to the original sources. Many scientists cite these sources, but without
actually reading them. Eling’s investigations of the history of aphasiology
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show that this practice can lead to serious misconceptions. A good example
is one of Paul’s first articles, in which he reveals ‘What Broca actually
said’. This shows that for more than a century, claims have been attributed
to Broca about the lateralization of speech and motor control in the brain
which he in fact never made. Another example is a series of papers in which
Paul addresses the origins of the famous model of Carl Wernicke. These
papers read like a detective story. The trailer is this. Carl Wernicke, a
young medical doctor, came to Vienna in the late nineteenth century to
pursue a PhD with Theodor Meynert, who was famous for his work on
neuro-anatomy. It was Wernicke’s first introduction to aphasia. Half a year
later, at the age of only 26, Wernicke published his world famous disserta-
tion. This story raised several questions to Paul Eling. ‘Isn’t it odd that a
young man, with no experience in aphasiology to speak of, publishes such
an influential work in such a short time? Has he, perhaps, taken his cue
from someone else? If so, who? Was it Meynert himself, who got all the
credits in the introduction of Wernicke’s dissertation? Of was it a certain
Baginsky, who Wernicke mentioned in only one short sentence?’ Read
Eling in a library near you and find out...

Ladies and Gentlemen, I could provide many more examples of Paul
Eling’s contributions to documenting the history of aphasiology in partic-
ular or of the neurosciences in general. But I’d much rather give the floor
to Paul himself. The title of his lecture is aphasiology: where and how?
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Aphasia: where and how

Paul Eling

Donders Institute for Brain, Cognition and Behavior
Radboud Universiteit Nijmegen

Introduction

A person may suddenly loose his capacity to express himself in speech or
in writing, and he may also experience problems in understanding what is
said to him or what has been written. These problems often occur as a result
of brain damage, either due to, for instance, a problem with blood supply
to the brain, a tumor or a traumatic injury. This phenomenon can be diag-
nosed as aphasia, a rather generic term. People have always suffered from
this disorder, but the way the phenomenon has been interpreted and
described in the period before the 17" century differed remarkably from
how scholars looked at it in more recent times. In the 19™ century the inves-
tigation of the brain formed a dominant issue for many scientists, in partic-
ular the notion that psychological functions might be localized in the brain,
or more specifically, in specific areas in the brain. The study of aphasic
patients was the primary ‘research-method’ for this issue. The debate
aroused much interest and emotion. Even today, the localization discussion
is still a central issue.

In this paper I will analyze the discussion on aphasia in the 19t century in
the context of the localization question. Rather than focusing on the local-
ization debate, [ will try to address the following question: did these scien-
tists have any idea what they were trying to localize, that is, how did they
conceive of language when they were pointing to spots in the brain where
they claimed it was localized? I will give a short description of the manner
of thinking in the period before the 19" century. I will then describe the
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positions of Gall, Broca, Baginsky, Wernicke and Steinthal with respect to
their views on language and language disorders. Apart from Steinthal,
these early aphasiologists conceived of language primarily as a process of
relating a concept to a word. In case a general language function was
assumed, its function was not clearly specified. Steinthal’s view focused on
the formulation of a proposition and the expression of the relation of a
subject to an action, but his model was completely neglected among
aphasiologists. I will argue that an important lesson to be learned is that one
has to have a reasonably well established description of the cognitive func-
tion before one can attempt to localize it in the brain.

The beginnings

Wollock analyzed ideas on the physiology of speech in medical texts from
Aristotle and Galen to the 17th—century, when Descartes came forth with his
dualistic conceptions of body and mind. (1) Speech was considered a
particular case of voicing, special to man. Emphasis was first on the bodily
instruments that are required to make noise (lungs, air, larynx), second on
modulating the noise to become speech sounds (vowels and consonants),
and third on producing these sounds in sequential order. A number of
disorders were distinguished, including: traulotes: reduced control over the
production of certain speech sounds; psellotes: the absence of speech
sounds or syllables in speech; and ischophonia: stuttering, i.e., incorrectly
connecting a syllable to a subsequent syllable, lengthening a sound, or
duplicating a syllable. Clearly, some aspects of aphasic speech may have
been characterized with these terms, but current aphasiologists (or neuro-
linguists) would not regard patients with such problems as aphasic. They
would probably be classified as dysarthric. The specific problems with
speech production that we would currently classify as aphasia, would prob-
ably have been regarded as a memory problem. Usually the mind was
conceived of as consisting of, roughly, three components: perception, eval-
uation and memory and whatever we learn, including language, is stored in
memory.

O’Neill identifies as a turning point the beginning of the 16th century. (2)
Benton and Joynt reviewed ‘Renaissance descriptions’, to some extent
similar to those discussed by O’Neill. (3) These works reflect a shift in
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medicine during the 16th century to an analysis of mental functions in rela-
tion to the brain, a change presumably due to the fact that physicians started
to perform their own anatomical observations, rather than relying on typi-
cally Galenic classical texts. The case descriptions may be best character-
ized as observations, usually not very systematic and usually not meant to
illustrate a particular theoretical view of language or brain.

Johann Gesner’s (1738-1801) elaborate case description, to be found in the
chapter Die Sprachamnesie, in volume two of his Sammlung von Beobach-
tungen aus der Arzneygelahrtheit can be considered the first major work
devoted to the subject of aphasia according to Benton. (4,5) The patient,
73-year old K.D., had been in excellent health but was unexpectedly
affected by a severe language impairment. (6) His output was fluent but
neologistic. K.D. could no longer read or write, and he had no sign of paral-
ysis. He had been seen by several physicians, and Gesner described their
observations and interpretations, referring to letters from these physicians.
He concluded that the disorder cannot be ascribed to loss of intelligence,
neither is it due to a generalized memory disorder, but rather it is due to a
verbal memory impairment (consistent with Medieval cell doctrine; see
Whitaker) (7). The nature of the impairment, Gesner specified, consists of
an inability to associate images or abstract ideas to their expressive verbal
symbols. Gesner’s theoretical analysis is a first attempt to provide a func-
tional explanation of aphasia, one that would become a central issue for
discussion in the late-19™ century. (5)

Localization of function

The 19 century witnessed a dramatic change in the investigation of mental
processing and its relationship with the workings of the brain. The Austrian
physician and anatomist Franz Joseph Gall (1757-1828) started the discus-
sion, arguing that: 1) the material substance of the brain, in particular the
cortex, forms the basis of mental functions (instead of the cavities inside),
and 2) each mental faculty has its own seat, a circumscribed area of cortex
(8,9). On the premise that focal changes in brain volume alter the shape of
the overlying skull, an idea borrowed from the physiognomist Johann
Christian Lavater (1741-1801), Gall looked for bumps on the skull to help
him localize specific functions. Indeed, craniometry was his primary
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method. He believed that studying the effects of lesions of various parts of
the brain on language behavior, or the clinico-pathological method, could
provide support for his cranium-based localizations, although he did not
have great faith in clinical findings by themselves.

Gall

Gall (1822-1825) distinguished the language faculty (Sprachsinn) from the
word faculty (Wortsinn), the former being an inborn capacity for (verbal)
communication and the latter a store for words. (10) The language faculty
was supposed to be highly developed in literary and philosophical men,
while an individual could possess a large word memory without being very
smart. Gall suggested that the organ of the memory of words was localized
in what we now would refer to as the orbital gyrus, and the organ of the
language sense was located on the mid portion of the supra-orbital plate.
These ideas were based on Gall’s observation of some of his class mates,
who appeared to excel in languages on school but also had protruding eyes,
as if these were pushed forward by that portion of the brain just behind the
eyes. But Gall also recognized the specific effects of brain lesions on
mental faculties as evidence for the localization of a given organ or faculty.

He described 6 cases, arguing that the observed language disorder is not
due to general problems with intelligence or memory or to a paralysis of
the tongue. With respect to one of these cases he drew the following
conclusion: “he has only lost the capacity to speak”. This is an interesting
conclusion. We will see below that this ‘capacity to speak’ became an
important component of the language process, but in fact Gall did not
distinguish such a faculty, independent from word memory or the general
language faculty. Perhaps he would not have considered such a capacity as
a mental faculty. He clearly observed that there was free movement of the
tongue so he would not have considered it to be a purely motoric problem.
The problem was limited to speech and did not entail the production of
sounds in general.

Gall’s descriptions were not meant as a first step to understand how
language is processed by the brain. Rather, they were just an example of
the localization of mental faculties. However, the localization of language
turned out to be the principal example for establishing the localization.
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Broca

Bouillaud, a disciple of Gall, attempted repeatedly to promulgate this local-
ization principle, from the 1820s to the 1850s, but he failed to convince the
medical and scientific establishment. (11-13) Pierre Paul Broca (1824-
1880), however, did change the prevailing view. (14) In the April 18th
meeting of the Society of Anthropology in Paris, Broca mentioned in a
discussion on disturbances of speech an important observation, according
to the notes:

M. Broca presented the brain of a fifty-one-year-old man who had died [on
the previous day] in his service at the hospital Bicétre. For the last twenty-
one years this man had lost the use of his speech. It is planned to deposit the
specimen at the Musée Dupuytren and to publish the complete records in
the Bulletin de la Société Anatomique.

The patient was a man called Leborgne, better known among aphasiolo-
gists as ‘Tan’. The full report was published in August. Broca stated that
this patient could voluntarily utter the syllable “Tan” and occasionally few
other small words, and that he had a lesion in the anterior part of the brain.
(15,16) Broca indicated that this evidence supported the general claims of
Gall, but that the lesion in his patient, at the foot of the third frontal gyrus,
did not really match the site proposed by Gall.

There is no trace in his papers on aphasia to suggest that Broca was
acquainted with linguistics. (17) The reader looks in vain for concepts like
‘grammar’ or ‘word formation’. What Broca described can, perhaps, best
be referred to as a psychological model for language production. He distin-
guished three levels, on which functions or groups of functions operate. On
the highest level ideas are developed (the general language faculty). On the
second level that idea is mapped onto the conventional signs, the verbal
forms of language. On this level different faculties operate. If one wants to
express oneself in speech, the articulated language faculty will be called
upon for this mapping function. If one prefers another mode of expression
other faculties come into play. These two levels belong to the ‘intellectual’
part of the brain. He also considered these to be higher level functions
because they are restricted to man. In the discussion which took place in
1863 Broca argues that animals, although deprived of speech, transmit their
primitive ideas with signs that we do not comprehend but which he
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considers to be a particular type of language. (In my view Broca is incon-
sistent here.) The last layer belongs to the motoric part of the brain. At this
level the faculties governing the action of muscles and nerves for the actual
emitting of the message are represented. Broca is only slightly more
specific about each of these three levels.

The general language faculty is described as the faculty to establish a
constant relation between an idea and a sign. This general faculty presides
over all modes of expression. With respect to the second-level faculties,
Broca claimed that the faculty is used to coordinate the movements for
speech. One property or aspect of the faculty is a memory of procedures for
articulating the words. It is not a memory of the words themselves, because
the aphasic still knows the words and their values. This memory is inde-
pendent of other memories and is also not a part of a general memory for
movement. What is not clear in this description of the faculty is how it uses
the memory to relate ideas to the conventional verbal forms. One could
look at it as a retrieval mechanism: on the basis of conceptual information,
the right procedure is retrieved and this is passed on to the third-level func-
tions. Thus little interesting work is left for these third-level functions. They
pull the strings according to the program they receive from the faculties
they serve, as Broca expressed it.

After collecting a few additional cases, Broca claimed that a lesion in the
third frontal gyrus results in aphemie (aphemia; derived from the Greek
phemi: 1 speak), a disturbance in the articulation of words — the mechanism
for expressive, voluntary speech being impaired. (18) Armand Trousseau
suggested the term aphasie (aphasia; derived from the Greek phasis: word)
for the disorder. (19)

In 1865, Broca claimed that only the frontal gyrus in the /eft hemisphere
was responsible for speech, thus not only further establishing the principle
of localization, but also introducing the notion of hemispheric differences,
very much to his own surprise. (20) The latter concept was quickly adopted
in the literature and speech began to be interpreted in terms of cerebral
dominance. (21)

While the notion of aphasia is currently regarded as a generic term, refer-
ring to a broad class of language disturbances, Broca refered to a specific
disorder: a faculty to coordinate movements for speech. He recognized that
language encompassed other components, but he did not speculate on what
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would happen if one of these components would be disturbed. Neither did
he refer to patients with disorders in other aspects of language behavior
other than speech, such as reading or writing.

We now know that patients that can only produce one or a few words or
syllables suffer from a very severe language disorder; they are usually clas-
sified as ‘global aphasia’ and not as ‘Broca’s aphasia’. Language produc-
tion and perception are impaired. We now would probably not agree with
Broca’s interpretation of the nature of the deficit in his patient Leborgne.
This shows that Broca’s view on what actually the notion of language as a
mental faculty implies, as well as his methodology to support his interpre-
tation were very global.

Baginsky

Adolf Baginsky, who later specialized as a pediatrician in Berlin, rather
early in his career wrote a paper on aphasia. (22,23) The paper is remark-
able for two reasons.

First, he presented two patients suffering from aphasia due to renal failure.
He indicated that in earlier papers a variety of etiologies had been described
and he now wanted to argue that also renal problems may lead to aphasia.
The description of the language deficits is very poor. Moreover, no system-
atic examination of the different language modalities was performed;
apparently only phenomena observed during bedside examination are
presented. Nevertheless, from his description it is clear that communication
was very difficult, but these problems can probably be better interpreted as
resulting from a general reduction of consciousness rather than a specific
language problem.

A second, even more remarkable feature of this paper is that Baginsky
formulated a theory of language processing as a framework for interpreting
aphasic symptoms. Yet, there seems to be hardly any relationship between
the nature of the language disorder in these two cases and his rather elabo-
rated language model.

Baginsky argues that language is not an innate function but learned on the
basis of experience.
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The essence of human language, he argues, consists, generally speaking, of

learning to associate particular objects to certain articulated sounds. In

order to learn these associations between sounds, words and concepts, one
needs different centres:

1. The centre for perception of sound, to which the normal end apparatus
of the N. acusticus sends its sensations.

2. A centre capable of retaining certain received sound sensations, i.e. a
centre for sound memories.

3. A main centre, to which the “memory centres” of all sensory nerves
send their fibres. This centre can form concepts by connecting the
separate sensory impressions. Certain sound forms, related to certain
visual images call forth the image (“Vorstellung”) of particular
objects. The “concept” of an object can only arise, if at least two
sensory impressions, related to the same object and present simulta-
neously, connect to each other.

4.  The main centre for the building of concepts is connected to a centre
of co-ordinated movements.

His theoretical framework consisted of a series of specific language func-
tions or centers, (e.g., for speech production and comprehension, concepts,
reading and writing) that were connected to each other through “path-
ways”. These models are often referred to as connectionist models or
diagrams. (24,25) Although the centers were often assumed to be localized
in circumscribed brain areas, frequently these authors focused on the func-
tional characteristics of their models. The typical structure of these models
was that a language disorder occurs either by destruction of a center or
disruption of a pathway. Adolf Kussmaul’s (1822-1902) comprehensive
discussion of language phenomena in general, and of these wiring
diagrams in particular, provides an excellent example of how such process
models can explain aphasic behavior in a functional way. (26,27)



99

Figure 1. Diagram of Baginsky
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Figure Baginsky’s model of language centres.

a) are the endings of the N. acusticus

b) is the centre for sound perception

c) is the centre for sound memory

D) is the centre for concept construction

e) is the centre for co-ordinated movements

a’,b’, and ¢’ are the same organs in the visual pathway

From this model, one can infer different forms of language disorders.

He first distinguished two main categories, depending on whether the inter-
ruption is in the pathway from a to D or from D to e, the first he called a
centripetal disorder, the latter a centrifugal disorder.

Language disorders resulting from sensory problems (e.g., deafness) or
motor problems (articulation problems due to paresis) should not be
regarded as aphasia. Aphasia results from damage to the centres b, ¢, D and
e, and their connections. The phenomena will be different, depending on
whether the one or the other is disrupted or whether the pathways are
disconnected.

Assuming that ¢ is disturbed by a severe pathological process, then the
patient is in the situation of a deaf-mute child, with the difference that he
can perceive sounds, while the child is missing this as well; the result is
therefore the same for both, namely that the patient cannot speak, because
he has lost every sound memory. He can, for instance, see a tree, he can
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draw it, he can write the word “tree”, as long as the visual sense and touch
sense have an intact connection with D; however, he cannot say “tree”.

The larger the lesion of the centre ¢, the more sound forms are missing, and
the smaller the vocabulary of the patient will be. — Is the lesion of ¢ rela-
tively small, then it may occur that the patient has lost the sound memory
of just a few sound forms, perhaps only of a few consonants; he may then
utter words and drop every time those vowels and consonants. It must be
kept in mind that for those forms of aphasia, that result from a lesion of the
centre for sound memory, the patient is unaware of the missing of sound
forms. The patient does not know that he cannot say particular sounds, or
that he leaves out certain speech sounds; in this aspect these disorders differ
from the ones that result from lesions of the centre e.

The (centrifugal) types of aphasia that result from destruction of e are char-
acterised by the following. The concepts are not lacking; the sound
memory is normal. The sounds correspond in the patient’s mind
completely with what they usually mean in language; but the patient lacks
the capacity to express his clear thought. These individuals are completely
aware that they speak badly and this awareness, together with the sense of
incapability to perform better, makes the patient tearful, apathetic, etc. The
centrifugal forms of aphasia differ form the centripetal forms precisely in
the awareness of the language disorder.

It remains to clarify the forms of aphasia, that result from lesions of the
“concept centre D”. These are the real difficult but yet very frequent forms;
in this condition thinking suffers as well as the language capacity. The
“concepts” are missing. For this reason language disorders in these condi-
tions are accompanied by disorders of the capacity to write.

We now may wonder why Baginsky’s model was not appreciated by other
aphasiologists. Clearly, they may have had problems accepting Baginsky’s
patients as real aphasics. And this might have been a reason to reject all his
speculations on his language model and the different forms of aphasia
derived from them. Later others did refer to his paper but only to note that
Baginsky produced the first diagram. The idea of describing language as a
set of centers with connection and deriving different forms of aphasia from
that model has generally been ascribed to Wernicke. Wernicke knew
Baginsky’s paper and mentioned, but immediately rejected his contribution
as the model was not based on neuroanatomical data.



101

Wernicke

Carl Wernicke (1848-1905), at the relatively young age of 26 and without
much experience with aphasic patients, wrote perhaps the most influential
19th-century monograph on aphasia, Der Apahasische Symptomenkom-
plex. (28-30)

Figure 2. Portrait of Wernicke

After his stay with Theodor Meynert in Vienna, where he performed neuro-
anatomical analyses of the auditory nerve pathway, Wernicke studied 10
patients, and performed post-mortem analyses of the lesions in four of
them. He noted that the clinical picture varied from pure motor aphasia to
pure sensory aphasia (his terms). He claimed that in addition to a speech
production area in the frontal lobe, speech perception is localized in the
temporal lobe, in an area now known as Wernicke’s area. These two
centers are connected by nerve fibres. Lesions in either of these centers or
in the connecting pathway would result in different patterns of language
impairments.

Wernicke’s ideas about language are similar to Baginsky’s. Language
refers to auditory word images, associated with representations of an object
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from different sensory modalities. Wernicke contended that there was not
a specific center for concepts, unlike Baginsky and some other late-19th-
century authors thought. Concepts were, in his view, represented by
sensory-motor representations and therefore represented over the entire
cortex rather than in a centre.

Wernicke’s model is an early attempt to provide a more detailed view of
language as a psychological function, relating distinct components of that
function to different sites in the brain. (31) However, keeping in mind that
Wernicke formulated his model on the basis of patients with language
disorders and not on a sophisticated view of language, it may be more
appropriately regarded as a new theoretical account of aphasic phenomena.
His approach became very influential, both in the domain of aphasia and in
other functional domains, such as perception and motor control. His ideas
were disseminated in the literature by a large number of pupils, including
Liepmann, Heilbronner, Foerster, Kleist and Goldstein, among others.

What we now regard as the prototypical diagram was produced by Ludwig
Lichtheim (1845-1928). It contained a separate center for concepts. (32,33)
The model predicted seven different aphasia syndromes, but Lichtheim
elaborated on only three types, motor and sensory aphasia, as well as
conduction aphasia (Leitungsaphasie according to Wernicke); the latter
due to a lesion of the pathway connecting the two centers. He illustrated the
value of his model with 4 case descriptions (with pathological-anatomical
data for one patient), claiming that each of the seven forms exists.

Steinthal

The above mentioned models on the representation of language in the brain
were formulated by physicians, none of whom seemed to have a special
training in linguistics. I will now discuss the ideas of a linguist, who may
be considered the first psycholinguist. (34) In his Introduction in the
psychology and language science, which is the literal translation of the
subtitle of his book Abriss der Sprachwissenschaft, he first described his
psycholinguistic theory. Subsequently, as a kind of proof of the usefulness
of his theory, he applied it to language disorders, in order to show how it
could explain features of aphasic speech.
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As Steinthal’s views on language differ from what we have seen above, and
as they are relatively complex, I will elaborate on these somewhat more.
(35-37). The lowest level of language, he argues, is formed by an emotion-
based representation of experiences or impressions (‘Wahrnehmung’). At
this level the utterance of sounds is a reflex action. With ‘sound’ Steinthal
means the sound representation of a word, which in infant speech may not
be a regular word. The sound represents the ‘totality’, i.e., a person or
animal or an object in action, in motion or following a movement. At this
level the conceptualization of an object always contains an activity or a
situation so that at the onset the mind has comprehensive images of events
(processes, actions, ‘Vorgédnge’). For instance, the expression ‘waf’ of a
child may refer to a barking dog. The onomatopeic sound reflex is a sound
sign because, and as long as, it represents entire perceptions and impres-
sions. It becomes a word only when it signifies a single moment of an
impression, an object or a feature. At the same time, this means that the
close relationship between meaning and feelings is lost. The role of feel-
ings now becomes increasingly weaker. Impressions can be evoked
directly through the sound.

How does a human mind get from a ‘word-less’ stage to the level at which
speech is produced in sentences? The development of real language
requires social interaction. The major impetus underlying the development
of speech is the desire to know what the other party does, where they are,
or to communicate to a third party what the other is doing. An extremely
important condition is the development of the notion of a person, an indi-
vidual, or a subject. Perceiving people in action, with varying features, is a
basis for this.

A child begins with understanding and imitating onomatopeic expressions
from adults: e.g. bow-wow. This bow-wow is neither a noun, nor a verb or
adjective; it is not object, action or feature but it stands for everything the
dog is and does. The entire meaning cluster, the interwoven mass of related
impressions is represented in the child’s consciousness. Soon the child
finds out that there are more bow-wow’s, and that his bow-wow can be in
different positions or conditions, where bow-wow becomes a centre to
which perceived differences and distinctions are attached. In this way,
bow-wow becomes subject and the changing features the predicate.
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These neurologists, so Steinthal argues, had distinguished three processes:
the general centre for intelligence; the function of speech is governed by
two independent centres: first, a centre steering the materialistic mecha-
nism of articulation, that is, the motor or sound centre, and secondly, a
centre for the psychic aspect of language.

There is no doubt about the function or the localization of the motor centre.
It lies beneath the corpora quadrigemina and stretches from the pons to the
olivaries. It contains the origin of all nerves that go to the muscles of the
tongue, the palate, the larynx and the face (hypoglossus, vagus and
facialis). Damage to this centre will result in anarthria. With respect to the
second centre, the entire conceptualization is flawed in Steinthal’s view.
Damage to this centre was thought to result in aphasia. In an effort to find
the exact site, the doctors neglected to observe, in detail, the psychological
phenomena of the disorder.

We now get to the point where Steinthal explains different aphasic
phenomena. Steinthal starts from the assumption that our mental posses-
sions consist of several larger and smaller clusters of knowledge
(‘Erkenntnis-Gruppen’) and judgements, which are each independent to a
large extent, even when they are related to each other. According to the
purely psychological theory, it is easy to understand that symbolic clusters
are, in comparison to object clusters (‘Sach-Gruppen’), more vulnerable
and restore slower after damage. The reason being that all associations
based on unnatural or artificial hyphens (and symbols belong to these) have
less power and are more easily deranged than those based on objective rela-
tions. This also explains why proper names disappear from memory first,
since they are related to a person or a place with an individual association.
Steinthal also believed that from his exposition of the development of the
sentence form it follows that verbs and adjectives are retained better than
nouns. It is obvious that the word is much more important for the formula-
tion of motion- (or activity-) images and qualitative images than it is for the
images of objects, which are much closer to the impressions. One can have
the image of an object without having the word for it, but a feature or an
activity is mostly thought of in words, since they are abstract.

Having explained the language system in general, Steinthal turns to several
pathological phenomena in order to provide a more detailed illustration of
the language system. (38) First, he explains stammering, stuttering, and
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anarthria. The latter condition is a permanent incapacity to utter words that
the patient has in consciousness since he can write them. In this condition
the speech organs are intact, however, either the motor centre for speech is
affected or the pathway between this motor and the psychic centre for
speech is inhibited, so that the commands of the latter are not executed.
Steinthal defines all this within a single page, three years before the publi-
cation of Wernicke’s book. Apparently, to him, this is all very clear and
simple. The concepts for motor and psychic centres for speech are obvi-
ously concepts that do not require any further clarifications, just like the
idea that there is a pathway between these two centres and that this connec-
tive pathway can be disrupted, leaving the centres intact and nevertheless
resulting in a language disorder.

Finally, Steinthal describes several phenomena that fall under the notion of
aphasia. Aphasia is commonly understood, Steinthal writes, as the
acquired inhibition or abolishment of the inner word formation (‘Wort-
Bildung’) caused by a deficit in the functioning of the psychic centre for
speech without any affection of the articulation mechanism.

Steinthal says that different gradations of aphasia can easily be observed.
First of all, there can be a complete absence of words (‘Wortmangel”).
Steinthal regards the cases with pure aphasia of more interest where partic-
ular word groups are affected. In these cases the words that represent
certain images simply do not come forward, although they are at the
patient’s disposition. The categories that usually are lost are nouns, in
particular names, while verbs and other word classes remain available.
Speech is fluent and the patient may even be talkative (‘red-selig’)! We
would refer to this as Anomia or Amnestic Aphasia. An even higher grade
of aphasia is present when the patient no longer understands words. A
general lack of understanding of symbols is described as asemia; a disorder
described by Finkelnburg in 1870 in Berlin.

However, Steinthal not only points to (systematic) differences in degree of
aphasia. He also believes that there are important differences in the nature
of the deficit that makes a principled distinction warranted.

First, aphasia may occur primarily in the form in which the reproduction of
the word form is impossible. The problem lies in the activation of the word
form (the string of sounds). The patient may produce the wrong words, but
he is aware of erring. In a second form the patient does not notice mistakes,
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but believes he has used the right word; in this case judgment is affected.
Judgment implies comparison, and this is, as with relations in general, not
possible without sufficient ‘reproduction power’. Patients may echo words,
perseverate, and use words that are associated to words heard. Usually, in
this form of aphasia the patient will understand what has been said. Some-
times, however, the reproduction capacity for sound forms is so weakened
that the patient cannot comprehend.

Third, at first this lack of judgement and freedom extends over words as
mere sound forms. However, the sound forms are associated to an image
causing a more serious language capacity disorder, in which the patient is
incapable of reproducing not only the sound form but also the image itself.
In this case the speech process itself, whereby the function of transforming
a concept into an image occurs, i.e. the sentence formation, is inhibited.
These two levels (mentioned in the first and third point) should be distin-
guished. This distinction between the two forms seems to be so important
to Steinthal that he suggests to name the first aphasia and the second
akataphasia.

This distinction can also be formulated in another way. Language as a
psychic mechanism consists on the one hand of an immense number of
images An (subjects) and Nn (predicates); on the other hand there are
methods (laws, rules) and means (particles, forms) to connect these images
in order to form sentences. Accordingly, apart from expressing the
meaning, the correct construction of sentences is a purpose of language,
indeed its second purpose. It is of course, as a means, subordinate to the
content, but, nevertheless, something that has to be achieved in itself.
Whenever it happens that the mechanism of consciousness does not
produce the An (e.g., mother) and Nn (e.g., walking) necessary for repre-
senting the content, aphasia occurs. However, it is also possible that the
power is lacking to apperceive, or connect, the images according to the
grammatical laws: this we call akataphasia.

What did they localize?

I have described some ideas on the effects of brain lesions on the language
capacity, as formulated by a few men in the 19" century, interested in a
specific form of language disorder namely aphasia. Some of them, Gall,
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Broca and Wernicke were generally recognized as central figures in the
discussion on the relation between language and the brain. Two others,
Baginsky and Steinthal were less well known, at least among aphasiolo-
gists. The discussion on aphasia was primarily a discussion on the validity
of the concept of localization of function, as formulated by Gall at the
beginning of that century. I have described the views of these men on
language. Broca recognized that language was much more than the clas-
sical memory store for words. He argued that there are different levels of
language processing and within levels different modalities may be discrim-
inated. However, his model of language processing was obviously pure
speculation and not supported by empirical evidence. He only provided
some empirical findings that allowed him to argue that the faculty of artic-
ulating words is localized in the frontal lobe. Baginsky and Wernicke
stressed that language is learned and is based on senso-motor experiences.
Objects are seen, words are heard and the various images or representations
become associated. There is some specialization within the brain for
storing images of a particular modality in a particular area. Thus, various
centres develop. Baginsky and Wernicke distinguish between a word form
and the conceptual representation, which is supposed to consist of the inte-
grated connection of different representations of an object. Accordingly, a
concept is also of a senso-motoric nature, not abstract. Baginsky and
Wernicke do not recognize a general language faculty. Steinthal started
from a rather different conception of language: language is a means to
express an integrated message. He argues that an object is never seen as an
isolated object, but it is always seen in a particular mode and context. This
integrated representation is analysed, apperceived, in its constituting parts
and thus reveals a subject and a predicate. This is the basis of sentence
production. In this respect Steinthal’s view is essentially different from
what the physicians claimed. And in my view, Steinthal points to an essen-
tial feature of language: the expression and understanding of a message or
communication.

These differences in views on what essentially language is, will have
important implications for localizing language or language components.
And if one wants to look for brain areas involved in language behaviour, it
is important to have a reasonable idea of what language actually is. It is
remarkable to see that Broca and Wernicke hardly bothered to explain what
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language actually is, and provided no evidence in favour of their language
model (independent from the aphasic symptoms). In contrast, Baginsky did
elaborate on a model of language behaviour and derived aphasic symptoms
from that. But even he did not indicate on what evidence his language
model was based. Steinthal himself also did not provide empirical support
for his model, but it was formulated within the widely accepted psychology
of Herbart. In that sense, his model did fit in a recognized framework for
understanding mental functions like language. Nevertheless, this history of
aphasia may teach us a lesson to formulate a clear and valid view of how a
mental function works before we start to search where in the brain it is
localized.
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Therefore it seemed fitting to the Sarton Committee to honour Maurice
Lamy with a Sarton Medal as a “living historian” of a field of research that
has not yet reached full maturity and still holds unfulfilled promises.
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Current status of oxygen carriers
M. Lamy, G. Deby Dupont

Heavy medical interventions in severely injured patients and complex
transplantation surgery are currently performed with success, but they have
increased the need of human blood. At the same time, the risk of transmis-
sion of viral diseases, the risk of errors in blood transfusion and the insuf-
ficiency of palliative treatments (blood predonation, pre- and perioperative
hemodilution, perioperative blood sparing, lowering of transfusion trigger)
accelerated the development of blood substitutes as alternatives to human
blood.

Together with the property of carrying O,, a blood substitute must have at

least the following properties:

—  free of toxicity and side effects

— adequate O, uptake in the lungs and adequate delivery to tissues

—  sufficient half-life time in the circulation to avoid repeated adminis-
trations

—  harmful and rapid excretion

—  stable at room temperature, easy to store and easy to use

—  easy to sterilize (to assure the absence of pathogens and viruses trans-
mission)

—  cheap to manufacture.

Intense efforts in the field of blood substitutes started up and were largely
supported since 1980s by investment of the US military, which was
concerned by the need of a reliable resuscitation solution that could be used
immediately after injury and did not need special storage conditions. Two
majors approaches were developped and are still in clinical trials: the
perfluorocarbon emulsions and the solutions of free haemoglobin [1, 2, 3].
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1. Perfluorocarbon emulsions

The perfluorocarbons (PFC) are synthetic cyclic or linear hydrocarbons
occasionally containing oxygen or nitrogen atoms, and in which the
hydrogen atoms are replaced by fluorine atoms. These solvants were
produced and used for their chemical inertia in the Manhattan project
during World War II. They easily solubilize and release gases without
interacting with them. The quantity of gas dissolved is linearly related to its
partial pressure. Perfluorocarbons are dense transparent liquids, immis-
cible in water.

After the famous demonstration by Clark and Golan [4] in 1966 that an
animal immersed in an O, saturated solution of perfluorocarbon breathed
normally, the perfluorocarbons were soon considered as possible red blood
cells substitutes [5]. But, because the PFC are dense and not hydrosoluble,
they must be emulsified for administration in the intravascular space. The
properties of PFC emulsions depend on the components of the emulsion
(necessary presence of surfactants), on the proportion of the various
components and on the size of the emulsion particles, which influences the
stability of the emulsion, the surface area available for gas exchange, the
viscosity, and the intravascular half-life (linked to in vivo toxicity or side
effects).

First generation PFC emulsions

PFC emulsions were prepared as soon as 1967 with plasma, but were not
used in humans. The first generation PFC emulsion for administration to
human was Fluosol-DA®, a 20% w/v solution developed by the Green
Cross Corporation (Osaka, Japan). The product was made up of 2 PFC with
a mixture of Pluronic F-68, egg-yolk phospholipids and glycerol as emul-
sifying agent [6]. It transported and delivered O, without major toxicity,
but presented disadvantages: long tissue retention of one of its PFC compo-
nents, low concentration of PFC and limited intravascular half-life both
limiting the amount of transported O,, and unsatisfactory stability. Fluosol
also presented side effects, such as inhibition of white blood cells and
complement activation, attributed to Pluronic [7].
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Fluosol was used with success in around 300 patients who refused blood
transfusion for religious reasons [8,9], and was authorized by the FDA for
injection in humans (for percutaneous transluminal coronary angioplasty,
PTCA). But the manufacturer stopped the preparation of Fluosol-DA for
insufficient clinical use.

Second generation PFC emulsions

In the second generation emulsions, the PFC concentration is largely
increased, enhancing so the O,-carrying capacity and eliminating the dilu-
tion of patient’s blood at time of administration. These emulsions are
formulated “ready-for-use” in buffered saline, and present a high stability
(resistance to heat sterilisation and to storage at + 4°C), due to the use of a
crucial amount of egg yolk phospholipids and better emulsification tech-
niques (high-pressure homogenization, microfluidization) [10]. The small
size of their particles (mean diameter: 0.2 um, about 1/35 of erythrocyte)
allows them to easily maintain perfusion of all the capillaries of the micro-
circulation during states of local vasoconstriction and ischemia, when
erythrocytes no longer circulate [11]. The archetypal second generation
emulsion is OxygentTM (Alliance Pharmaceutical Corp., San Diego, CA),
60% w/v PFC emulsion based on the use of a linear PFC, perflubron
(perfluorooctyl bromide), with particles with a mean diameter of 0.16 to
0.18 pwm. This emulsion dissolves 28 ml O,/100 g at 37°C and 750 mmHg.
It can be stored at refrigerated temperature for up to two years. The pres-
ence of the terminal bromine atom lends lipophilicity to perflubron and a
more rapid excretion as vapors by the lungs, limiting its persistence in
tissues. Its administration is not associated with hemodynamic effects and
does not activate complement, but could produce a dose-dependent and
transient flu-like syndrome four to six hours after infusion, which results
from the phagocytosis of the emulsion particles by macrophages.

Numerous studies were performed in humans, particularly with
OxygentTM, enroling more than 500 subjects in phases I and II. An impor-
tant clinical application of OxygentTM is its administration during surgery
with acute normovolemic haemodilution (ANH), to allow reductions of the
patient’s hematocrit below currently accepted thresholds while main-



116

taining or improving tissue oxygenation. In a phase II study in orthopedic
surgery with ANH, the use of Oxygent allows the reversal of trigger for
transfusion.

Phase III studies with ANH in cardiopulmonary bypass surgery and in
high-blood loss non cardiac surgery showed a greater avoidance of trans-
fusion, but were stopped for more serious adverse events in the PFC group,
results which remain debated [12]. A new phase II clinical trial in major
surgery was planned in France for the end of 2006, but financial problems
arrested the study.

In November 2007, phase II clinical trials in major surgery were announced
in China, with the purpose to maintain haemodynamic stability and
improve post-operative organ function. At the beginning of 2008, the
manufacturing technology of Oxygent was transferred to Double-Crane
Pharmaceuticals Co. in China, and a pilot production started. In Russia,
another PFC emulsion, Perftoran, similar to Fluosol, but with improved
emulsifier and low size particles (0.07 pm) is still in clinical trials with
success in improving haemodynamics, and in reducing ischaemic damage
and allogeneic blood transfusion [13,14]. Out of Russia, Perftoran was
used in valvuloplasty surgery with ANH [15].

Advantages and inconveniences of the PFC emulsions

The advantages of PFC emulsions as blood substitute are summarized in
table 1: absence of incompatibility and risk of transmission of infectious
diseases, long duration of conservation, easy access, absence of metabo-
lism and more particularly no reaction and no binding with O, allowing
easy tissue unloading, viscosity and rheologic parameters similar to those
of blood, permitting the particles to flow through swollen and/or blocked
capillaries, where red blood cells might not pass. The solubility of O, in
PFC emulsions is proportional to the partial pressure, and the O, transport
capacity of these emulsions depends on the PFC concentration. Emulsions
containing 45 to 60% PFC (weight/volume) seem ideal in terms of O,
carriage, but the mechanisms of transport and delivery are entirely
different from those of erythrocytes. The saturation curve for erythrocytes
is sigmoid, and a fall in partial pressure from 150 to 50 mmHg leads to
unloading of 25 % of the bound O,. To obtain an efficiency in O, delivery
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similar to that of oxyhemoglobin, an O, enriched atmosphere must be used
[16], and 100 % O, are administered to patients receiving PFC emulsions.
PFC are thus only O, carriers with a transport capacity greater than that of
blood under hyperoxic conditions and a facilitated unloading of O, in the
tissues. Side effects of PFC emulsions such as complement and phago-
cytic cells activation, principally due to the surfactant, are no longer seen
with the second generation emulsions using newer surfactants. A liposome
effect (coalescence of emulsion particles) was described, increasing the
risk of stroke, but the question remains debated. At the opposite, benefi-
cial anti-inflammatory effects were reported [17]. However, PFC emul-
sions still have a limited intravascular persistence, and there is a limitation
to their use consecutive to the elimination of the emulsion particles by the
reticulo-endothelial system [18]: large doses could lead to hepatic
engorgement and a temporary impairment of immune defense mecha-
nisms, a risk decreased by the small particle size of the second generation
emulsions. The search for PFC in various tissues (lung, liver, spleen ...)
showed neither high levels of accumulation nor excessive persistence, and
there are no reported toxic or side effects that could result from oxidation
of the phospholipidic surfactant or from in vivo production of lysophos-
phatides. PFC emulsions thus remain valuable candidates as oxygen
carriers.

2. Haemoglobin solutions

The first transfusion of blood occured in 1667 when the physician of the
French king Louis XIV, Jean Baptiste Denis de Commercy injected 300 g
of sheep blood to a young man: the assay was a success, but the physician
observed emission of black urine by his young patient. Jean Denis de
Commercy repeated the assay, but in 1668, a patient died after 3 “transfu-
sions”, what led to the interdiction of blood transfusion. In 1818, James
Blundell restarted human blood transfusion in several young women
suffering at post-partum haemorrhage; Blundell is now considered as the
“father of blood transfusion”.
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« Lysed erythrocytes: the first solution used to replace blood

The first administration of a haemoglobin (Hb) solution obtained from the
lysis of erythrocytes did not occur before 1898 when Von Stark [19]
administered a Hb solution to patients in an attempt to treat anaemia.
Rapidly, it appeared that free Hb was harmful, leading to disseminated
intravascular coagulation, cardiac failure and renal toxicity. These obser-
vations and the chemical instability of Hb solutions led that line of research
to be abandoned. In 1916, small quantities of free Hb were infused to
human by Sellards and Minot, in order to study the clearance by the
kidneys, and demonstrated signs of renal toxicity [20]. In 1937 a systemic
and pulmonary vasopressor effect was described by Amberson in animals
infused with lysed red blood cells, and this effect was not due to the simple
expansion of circulating volume [21]. In 1949, Amberson infused 300 mL
of a 6% Hb solution as a last resort to resuscitate a young woman suffering
from a severe postpartum haemorrhage unresponsive to infusion of crystal-
loid, colloid, and homologous blood. This infusion increased the blood
pressure and was associated with improved level of consciousness, what
suggested that this pressor effect was beneficial [22]. Rabiner et al [23]
further treated hemorrhagic shock patients with 180 to 300 mg/kg “stroma-
free” hemoglobin, and Savitsky et al [24] administered 250 ml of Hb solu-
tion to volunteers with minor side effects on kidneys and cardiovascular
system (first phase I clinical trial).

* Modified haemoglobin solutions: source of free Hb and chemical modifications

The major problems encountered during the early studies with free Hb
were vasomotor effects, activation of the complement, kinin and coagu-
lation systems, nephrotoxicity, interference with macrophage function,
antigenic effects, histamine release, and iron deposits: they were attrib-
uted to erythrocyte membrane remnants. The renal toxicity was due
essentially to the rapid breaking of the Hb molecule into its o, dimers.
Free Hb also presents an excessive affinity for oxygen (P50: 12-14 mm
Hg) attributed to the absence of the allosteric effector 2,3 diphospho-
glycerate (2,3-DPG). Purification of Hb from different animal species
began in 1970, produced “stroma free haemoglobin” (SFH) and elimi-
nated acute toxic effects of the free molecule. Chemical modifications of
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the Hb molecule were designed to suppress the rapid rupture of the tetra-
meric molecule into its dimers and to avoid or reduce renal toxicity.

Chemical modifications of Hb molecule

The modifications which have been tried [25,26] are summarized in figure

4127]:

—  internal stabilization of the ct-ot or B-3 dimers by a cross-linking with
polyanionic molecules (acetylation), bis-pyridoxal-5-phosphate
(pyridoxylation) or dialdehydes derived from the oxidation of the
cyclic structure of sugar (o-raffinose) or open ring-adenosine triphos-
phate (0-ATP),

—  conjugation with large molecules (surface modification) with macro-
molecules [hydroxy-ethyl starch, polyethyleneglycol (PEG), Dextran
20] or artificial support (“nanocrystalline” beads),

—  intermolecular cross-linking (polymerization) with cyanate or glutar-
aldehyde reagents,

— encapsulation in synthetic liposomes with co-encapsulation of other
compounds such as antioxidant systems and enzymes to protect Hb
from oxidation.

The modifications aim at increasing the stability and modifying the surface
electric charges of Hb, in order to reduce its extravasation and increase its
plasma half-life. Conjugated and polymerized Hbs have molecular weight
ranging from 64,000 to 400,000 daltons and correctly deliver O, to tissues
even when infused at low doses. The encapsulation and co-encapsulation
techniques attenuate the vasoactive effects, and yield a P50 of 30 mm Hg,
with a convenient kinetics of O, binding and delivery, but Hb liposomes
have a short circulation time due to a rapid phagocytosis, with hepatic over-
load in relation with the infused volume.

sources of Hb molecule

The sources of Hb are mainly human erythrocytes from outdated banked
blood and bovine erythrocytes from slaughtered animal blood, both care-
fully purified. Free human Hb has an increased affinity for O, (P50: 12-14
mm Hg) compared to intracellular Hb, because it lacks the allosteric inhib-
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itor 2,3-DPG [28]. Human Hb solutions have a high colloid oncotic pres-
sure, limiting Hb concentration to 7 g/dL; they are stored in an anaerobic
environment to avoid the oxidation into metHb. The bovine source is inter-
esting for easy and cheap access, and because bovine free Hb does not
require 2,3-DPG to control its affinity for O, and has a P50 of approxi-
mately 30 mm Hg, favouring O, delivery to the tissues.

Recombinant human Hb was produced in Escherichia coli, with the 2 o
chains fused to avoid dissociation in plasma [29] or with a mutation on 3
chains (“Presbyterian” Hb) resulting in changes in the allosteric control
mechanism and a lower affinity for O, [30]. This Hb variant (Optro®,
Somatogen) has a P50 higher (30-33 mm Hg) than the natural Hb with an
improved O, delivery and a plasma half-life 4 times greater than free Hb.
Attempts were also made to produce recombinant Hb in yeast and trans-
genic plants and in transgenic animals (pigs, mice). But techniques of isola-
tion and purification of the Hb molecule, and the scaling up of the
production are still to improve.

« Clinical use of modified Hb solutions

Several companies developed free Hb solutions (table 3), which reached
phase II and III clinical trials, but these solutions cannot replace the red
blood cells in all their functions, since numerous components which are
included in the red blood cell are lost during Hb purification. The Hb solu-
tions have the primarily function of carrying O, to tissues. It is thus more
accurate to design them by the terms “cell-free oxygen carriers”, “Hb-
based oxygen carriers (HBOCs)” or “oxygen therapeutics”. They have also
the function of restoring adequate volume in a large range of clinical situ-
ations with important blood loss such as cardiac surgery [31] and trauma
[32]. All HBOCs have a short intravascular life-time and carry many side
effects, with variable consequences (table 4). Therefore, several manufac-
turers stopped the clinical trials and the production of HBOC:s.

Among all the HBOCs which reached the phase of clinical trials, two
generations can be distinguished, the second generation of HBOCs being
developed on the basis of the observations collected from the studies
performed with the first one, which pointed out vasoconstriction and the
gastro-intestinal symptoms.
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First generation of Hb solutions

HemAssist™ (DCLHb; Baxter Healthcare Corp.) reached phase II and 111
clinical trials in orthopedic surgery, abdominal aortic repair surgery, major
abdominal surgery and cardiac surgery. Modest results were obtained in
allogeneic blood cell transfusion avoidance, and increased adverse events
(hypertension, yellowing of the skin, haemoglobinuria and pancreatic
suffering) and short plasma persistance of DCLHb (& 24h) did not support
the routine use for transfusion avoidance [31,33]. A phase III clinical study
in non-cardiac surgery was stopped early for safety concerns [34]. In
trauma patients with severe haemorrhagic shock, a European “On-scene”
multicentre study was prematurely arrested for lack of efficacy (mortality
not significantly different in the treated group) versus the standard treat-
ment group [35]. In a similar phase III study in patients with severe trau-
matic haemorrhagic shock in the USA, an increased mortality was
observed [36], and subsequently, ongoing clinical trials were arrested and
Baxter stopped the development of DCLHb.

For the recombinant Hb (Optro®, Somatogen Inc.), the phase II clinical
study was stopped for hypertension, pyrogenicity and other adverse events
[37,38]. Hemolink® (Hemosol Inc.) reached phase II and I1I clinical trials
in high-blood-loss surgery a few years ago, but the trials were discontinued
for safety problems [39], and the production of Hemolink has been termi-
nated [40]. Encapsulated Hb in lipid vesicles were tried with success in
preclinical animal studies, but there are no ongoing clinical trials with these
products.

Two HBOCs are still in advanced clinical development: Hemopure®
(HBOC-201) and PolyHeme®. Hemopure® was used in a phase III ortho-
pedic surgery study, with doses ranging from 65g (= 1 RBC unit) to 325g
(£ 10 RBC units). A reduction of the need for allogeneic transfusion was
observed, but with more adverse and serious adverse effects: gastro-intes-
tinal events, elevated plasma levels of amylase and lipase and clearly
hypertensive properties mainly in elderly patients [41,42] (table 4). Hemo-
pure® is approved for sale in South Africa to treat acutely anemic surgical
patients. A veterinary product, Oxyglobin® (HBOC-301) has been
approved and is used in U.S.A. and Europe for the treatment of anemia in
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dogs. The company announced that new phase I trials are being designed,
but at the end of 2006, Hemopure® was still not approved by the FDA.

In phase III clinical trials (trauma and emergency surgery for aneurysm
rupture), PolyHeme® up to 1,000 g in 10 L was administered with success:
50 % reduction of blood transfusion, no major concerns [43,44]. The study
was halted late 2001, before completion. In the beginning of 2006, an
online article of the Wall Street Journal revealed that adverse events (heart
attack) were more frequent in the patients receiving PolyHeme®, but the
company attributed these adverse events to an excess of total fluids given
to PolyHeme® patients, and not to the product itself [45].

A multicenter phase III non-consent trial in trauma patients with severe
blood loss started in January 2004 and the patient enrolment was completed
in July 2006. The results published in the beginning of 2009 indicated a
blood transfusion avoidance in the PolyHeme group with no difference in
survival at 30 days, but higher adverse events (coagulopathy, hypertern-
sion, myocardial infarction) compared to the control group [46,47].

Second generation HBOCs: oxygen therapeutics

As it was suggested that hypertension observed with HBOCs was the
consequence of NO trapping and of an arteriolar vasoconstriction in
response to O, delivery [48], the group of Winslow [49] designed a new Hb
molecule (MP4) by increasing the molecular volume of human Hb with
polyethylene glycol, the affinity for O,, the viscosity and the oncotic pres-
sure. Animal studies showed that MP4 was safe and without haemody-
namics effects.

For clinical use, MP4 (Hemospan®, Sangart Inc.) was designed as an O,-
carrying plasma expander administered at low concentration to deliver O,
to hypoxic tissues; it is as an “oxygen therapeutics” more than a blood
substitute. In phase II clinical studies [50,51], no serious adverse events
could be attributed to Hemospan, and no significant hypertension was
observed, but spinal anaesthesia by its hypotensive effect could have
masked the hypertensive effect of Hemospan®. From these phase II
studies, Hemospan® appears safe, but the doses are low (around 42g for the
highest one), and despite these low doses, bradycardia and elevation of
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hepatic and pancreatic enzymes are observed (this was also observed with
the first generation blood substitutes). Questions remain concerning the
half-time life of Hemospan® in plasma (around 20h) and the metHb
production, so that studies with larger doses are expected before the inoc-
uity (and the utility) of this new generation blood substitute can be firmly
assured. Two phase III studies with Hemospan for prevention or treatment
of perioperative hypotension in patients undergoing primary hip arthro-
plasty with spinal anaesthesia were recently completed in Europe: the
publications of the detailed results are expected.

* A meta-analysis: the death blow for Hb-based blood substitutes?

A recent meta-analysis was performed on 16 randomized controlled trials
involving 3711 surgical, stroke and trauma patients, with 5 haemoglobin-
based blood substitutes (HemAssist, Hemopure, Hemolink, Polyheme and
Hemospan) [52], used as outcome variables the data on deaths and myocar-
dial infarctions, and demonstrated a statistically significant increase in the
risk of death and the risk of myocardial infarction in the group treated with
Hb-based blood substitute. From this meta-analysis and taking into account
the well-demonstrated toxicity of haemoglobin out of the erythrocyte
(particularly its ability to cross the endothelial barrier, to produce oxidant
species, and to induce renal toxicity) [53,54,55], the use of HBOCs cannot
be recommended especially in fragile (elderly and severe haemorrhagic)
patients. Hope remains for Hemospan, but it is an oxygen therapeutics and
not a substitute of RBC [48].

Conclusion and perspectives

Two PFC emulsions, Oxygent and Perftoran are still in clinical trials in
China and Russia, with promising results in the treatment of local
ischaemia and encouraging results in cardiac surgery with ANH. PFC
emulsions remain thus probably valuable candidates as oxygen carriers.
The HBOC: of the first generation have been used with moderate success
in avoiding red blood cell transfusion, no significant results in improving
survival, a short intravascular lifetime and an increase of severe side effects
(hypertension, renal toxicity) compared to classical treatment. Hemopure®
and PolyHeme® are the two HBOCs which remain in phase III clinical
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trials, but with a questionable lack of published results. Hemospan® is still
in clinical trial, but is more an oxygen therapeutics than an universal blood
substitute.

A recent, perhaps promising approach is to encapsulate Hb in biodegrad-
able nanocapsules of polylactide, which are degraded in vivo into water
and carbon dioxide [56], contain around 11 g bovine Hb/dL and have O,
carrying and delivery properties similar to that of free bovine Hb. The
enzyme of the red blood cells can be co-encapsulated to protect Hb from
oxidation into MetHb. However, this approach is still limited to animal
studies.

Projects are on the way to obtain human Hb from micro-organisms
(Escherichia coli and Aspergillus niger) or from worms, which have a
polymeric Hb molecule, thus not needing chemical modification for suffi-
cient stability in bloodstream. Successful preclinical assays seem to have
been made, but technical problems of extraction remain to be solved, and
there is no knowledge on the effects of worm Hb on blood pressure and on
its sensibility to oxidation [3].

As a substitute for universal use blood remains necessary for urgent trans-
fusion at the site of severe traumatic injuries, it is important to carry out
more basic research for solving the problem of free Hb toxicity by oxida-
tion and metHb formation. The most promising way remains the in vitro
erythroid cell generation, for which important progress has been made:
starting from human hematopoietic stem cells, conditions have been estab-
lished for producing mature red blood cells after around 18 days of culture
[57,58], but among the numerous problems which remain to be solved, the
technical conditions for large scale cultures in bioreactors [59] and the
control of the membrane expression of blood group systems ABO and Rh
[60] will need at least a 5 to 10 year period of research.
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Tables

Table 1: Advantages and problems with perfluorocarbon emulsions used as
blood substitutes

Easy access and moderate cost, long time storage

No acute toxicity (if small particles), no antigenicity, moderate viscosity, not metabolized

High density, limited intravascular persistence

Need of Fi0, = 1: local hyperoxia?

Phagocytosis of vesicles, RES overload, tissue persistence

Interference with laboratory tests (opalescent plasma)

Flu-like syndrome, platelet aggregation, digestive side-effects
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Table 2: Sources of haemoglobin molecules used to prepare free haemoglobin solutions

Source of haemoglobin

Technical way of obtention

Human blood Hb extraction from outdated donor blood and
modification of Hb molecule
Cow blood Hb extraction from slaughterhouse cow blood

Micro-organisms (genetic engineering)

Genetic modification of bacteria, fungi or plants

to produce Hb

Transgenic animals

Introduction of human Hb genes in animal feetus
and production by mature individuals

Table 3: Free haemoglobin (Hb) solutions (trade name, company and main

characteristic) which reached clinical trials

HBOC: haemoglobin-based oxygen carrier; PHP: pyridoxalated Hb polyoxyethylene;
PEG: polyethylene glycol

Name Company Characteristics Clinical trials
HemAssist Baxter Healthcare Cross-linked (a-a)Hb | Discontinued; safety
(increased mortality)
Optro Somatogen- Baxter Human recombinant | Discontinued; safety
Hb (hypertension)
Polyheme Northfield Laboratories | Polymerized human Hb | Phase IIl (trauma,

(glutaraldehyde, pyri-
doxal)

surgery)

Hemopure (HBOC- Biopure Corp.

Polymerized bovine Hb

Phase Il (orthopedic

2001) (glutaraldehyde) surgery); ® in South
Africa

Hemolink Hemosol Inc. Polymerized cross- Discontinued; safety
linked human Hb (myocardial infarction)
(o-raffinose)

PHP Ajinomoto/Apex Bio | Conjugated hum Hb | Phase Ill septic shock
(PEG, pyridoxal)

PEG-Hb Enzon PEG-Conjugated bovine | Discontinued
Hb

Hemospan Sangard PEG-Conjugated Phase Il elective

human Hb

surgery
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Table 4: Side-effects encountered with the administration of free haemoglobin (Hb)
solutions and their possible causes
MetHb: methaemoglobin; NO: nitric oxide; ROS: reactive oxygen species;
gastrointestinal tract

Side-effect of HBOC

Possible cause

Vasoconstriction (increase in systemic and
pulmonary arterial pressure and vascular resist-
ance)

NO scavenging, activation of endothelin produc-
tion, direct stimulation of alpha adrenergic
receptors

Cardiovascular events (myocardial infarction)

NO scavenging? Direct toxicity on organ?

Nephrotoxicity (oliguria, haematuria)

Direct toxicity leading to kidney dysfunction
(tubular necrosis and obstruction)

Neurotoxicity

Direct toxicity on organ?

Increase in blood levels MetHb (ROS)

Hb autoxidation (during storage or in vivo?)

“Jaundice-like” syndrome

Hb extravasation (endothelial cells, tissues)

Bilirubinemia

Hb destruction (short intravascular lifetime,
overload of plasma elimination capacity)

Gl (abdominal discomfort, pain, nausea,
vomiting)

Binding of NO? Direct intestinal toxicity?

Elevation of liver & pancreatic enzymes

Direct organ toxicity? NO binding?

Increased bacterial virulence

Iron supply

Interference with macrophage functions

Blocking by binding of Hb-haptoglobin
complexes to receptors?

Activation of complement, kinin and coagulation
cascades

NO scavenging leading to platelet aggregation?

Immunogenicity

Xenogeneic Hb, polymerized Hb

Interference with laboratory tests

“Haemolysis-like” effect




