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Introduction
R.Rubens

The volume 33 of Sartoniana contains the lectures from the 34th year of
Sarton lectures at Ghent University. The first volume englobed two years
of lectures. During the academic year 2019-2020 the university had to con-
front the covid crisis. The latter had an effect upon the Sarton lectures. We
therefore had to postpone three lectures to the forthcoming academic year.
Only the first six lectures are the content of Sartionana 33.

Sticking to the principles put forward by George Sarton again different
fields are represented in the lectures.

The lecture of the chairholder Dr.Knorr-Cetina develops the history of the
stockmarket. It highlights the evolution from the Ticker of 1867 to the
algorithms used in nowadays market. Furthermore a detailed discussion
about the semi-autonomy, the algorithm gives to the machine is evaluated.
In the historical essay a large part is also devoted to the importance of
Reuter in this endeavour.

The paper by Schmoeckel backs up his critic on the Wax Weber hypo-
thesis concerning the relationship between the modern economy and the
Reformation, suggesting a sociological perspective. Based upon a detailed
reading and a review of medieval philosophy he details how in medieval
society trade also was regulated by canon law. The statement that Petrus de
Ancharano already precluded modern prize control by his statement “quod
omnes tangit, ab omnibus approbare debet” provides a clear proof.

The overview of the historical development of renal stone surgery in
the second half of the twentieth century is the content of the paper by
Oosterlinck. It is obvious that due to the technical development of this
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field in medicine by engineers and physicists lots of pain and suffering has
been avoided.

Ervynck details the history of archacozoology/zooarchaeology. Through
his discussion the difference between the two disciplines becomes obvi-
ous. Simultaneously however both endeavours need each other. Both dis-
ciplines have a different status nascendi, one being more palacontological,
the other one being more anthropological. They were both reunited in the
International Council of Archaeozoology. In the Council the different in-
terests gave again multiple working groups. Reading the paper of Ervynck
explains that part of history of science in the recent past.

By reading the lecture of Sass we learn to understand the nature of sub-
jectivity in psychology using masterpieces of international art. By using
the paintings of Rembrandt and the quotations from Shakespeare he deve-
lops a theory about subjectivity in psychology. Although he recognizes the
enormous importance of modern academic experimental psychology he
recalls the statements of Smetlund and Cavell. He finishes with an appeal
to reintegrate a phenomenological approach in psychology.

The nicely documented study by Hein about the interaction between the oil
industry and the town development highlights the evolution of the modern
interaction between industry-harbour and people.

May we again hope this volume of Sartoniana helps you to see the broad
spectrum that is present in the history of science just as Sarton has wished
more than a century ago!



Laudatio Karin Knorr Cetina
R. Vanderstraeten

It is a pleasure and an honour to be able to introduce the inaugural lecture
of Professor Karin Knorr Cetina as the new George Sarton Professor for
History of Science. Let me start with a few general remarks.

The nineteenth century, the century in which George Sarton was born, was
a dynamic century, certainly for the field of science. This field grew quick-
ly. A variety of new scientific institutions, including Ghent University,
were established in the first half of the nineteenth century. Specialization
also became the driving force within the field of science. Many new spe-
cializations emerged — some of them disappeared again, but many survived
and thrived. The social sciences are largely a product of the nineteenth cen-
tury. Think, for example, of Auguste Comte, whose Cours de Philosophie
Positive, published in the 1830s and early 1840s, presented a systematic
plan for the organization of science, in which sociology was prominently
included. Think of Adolphe Quetelet, another famous alumnus of this uni-
versity and in fact its first Doctor scientiae, who, around the same period of
time, devoted much time and energy to the elaboration of, what he called,
physique sociale or social physics.

It is only near the end of the nineteenth century that the social sciences
became academic fields of study, that is fields of study embedded within
academic or university systems. The Department of Sociology (or Social
Science) of the University of Chicago, arguably the most famous depart-
ment of sociology in the world, and the Department of which Karin Knorr
Cetina currently is the Chair, was founded in 1892. In Brussels, the indus-
trial chemist and ‘enlightened’ politician Ernest Solvay founded in 1894
the Institut des Sciences Sociales. A few years later, he tried to make a new
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start. He had an art nouveau building constructed that was to house a new
Institut de Sociologie Solvay.

Solvay had far-reaching scientific and social ambitions. He founded and
financed two other research institutes in Brussels: one for physiology, and
one for physics. He acquired considerable international fame with these in-
itiatives: among the participants of the first Solvay Conference on Physics
in Brussels in 1911, for example, were scholars such as Marie Curie, Max
Planck and Albert Einstein. Solvay hoped to play a similar role with regard
to the development of sociology. His prestigious Institut de Sociologie was
constructed near Solvay’s institute of physiology. The building and its lo-
cation expressed the importance Solvay accorded to sociology around the
turn of the century; sociologists and natural scientists were to be treated on
the same footing.

In this time period and in this milieu, Sarton matured intellectually. His
own scientific ambitions clearly display the influences of this milieu. When
he founded the journal Isis in 1913, in Ghent, he was concerned about
the growing specialization in science. In his view, the history of science
had to provide a trait d 'union between the increasing number of scientific
specializations; it had to shed light on the various interactions and inter-
dependences, on the many commonalities, on “all the bonds that unite the
different sciences”. Somewhat paradoxically, he claimed that a new spe-
cialization — the history of science — was able to counteract the increasing
specialization and differentiation within the system of science. But he also
believed that this new field of study had to be an interdisciplinary one. He
spoke of the history of science as a “psycho-sociological investigation”
(Sarton, 1913, p. 9, p. 12). Even in 1952, only a few years before his death,
the Harvard Professor Sarton still referred to what he called “my sociology
of science” (Sarton, 1952, p. 94).

In the twentieth and twenty-first century, processes of scientific speciali-
zation have not come to a stop, quite to the contrary. In fields, such as the
history or the sociology of science, much research is conducted about the
ways in which science has become organized in different specializations
and disciplines. As before, much work in the “psycho-sociological” history
of science is undertaken with an interest in understanding the consequences
of the main structural divisions within the field of science.
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Many of the contributions, which Karin Knorr Cetina has made in a pe-
riod of about five decades, are linked with, but also question this interest
in the outcomes of scientific specialization. Instead of dealing with the
products of scientific knowledge, Karin Knorr Cetina has invested much
work in analyzing the production of scientific knowledge. She has primar-
ily drawn attention to the questions of (a) how we know what we know
and (b) how how we know what we know has started to change the world
we live in. In the opening pages of Epistemic Cultures, her highly influ-
ential monograph, which first appeared 20 years ago, and which probably
presents her approach most comprehensively, she speaks of her ambition
to shed light on the ways science is practiced in “the deep social spaces of
modern institutions” (Knorr Cetina, 1999, p. 2). The book itself presents a
detailed study of two epistemic cultures, and, more particularly, two scien-
tific laboratory cultures, one in high energy physics and one in molecular
biology. This detailed study is built upon lengthy periods of direct obser-
vation in different laboratories. It shows how different epistemic cultures
determine how we know what we know and how our scientific knowledge
determines how we organize the labs we use to do science. Karin Knorr
Cetina’s work is focused on contemporary settings. But it has been imme-
diately evident that her approach is opening up new avenues which might
also inform historical studies into the genesis of particular epistemic cul-
tures, of particular ways of producing scientific knowledge.

In Epistemic Cultures, and much other work, Karin Knorr Cetina is also
interested in the ways scientific expertise is changing the world we live
in (see also Knorr-Cetina, 1981). It has become common to speak of the
“knowledge society”, the “expert society”, or the “risk society”. These la-
bels signal an awareness with the impact of knowledge on society as a
whole or specific parts of it. In this regard, too, Karin Knorr Cetina does
not treat scientific expertise as a product that is exported and changes
society. She rather opens the black box, and looks at the ways in which
different scientific devices are used in different social configurations. She
looks at the ways in which knowledge is practiced in specific settings,
how the world is “reconfigured” in specific epistemic settings. In her
more recent research, Karin Knorr Cetina has particularly looked at how
new communication media allow for new ways of presenting and dealing
with information, and how the increasing relevance of scientific expertise
brings in new classes of actors and leads to new types of social relations.
Changes in the social networks upon which our world is built are closely
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entangled with changes in the kind of expertise that is used to make sense
of this world. I believe that Karin Knorr Cetina will today share with us
some of her recent research about an increasingly important social sector,
which not only has come to rely heavily on specific expert representations
of the outside world, but which has also gone through and caused much
social turbulence, namely financial markets.

The career of Karin Knorr Cetina spans about half a century. It connects
different disciplines, especially anthropology and sociology. It also con-
nects two continents — Europe and the US. She has worked at academic
institutions in, among others, Vienna, Bielefeld and Konstanz, as well as
Princeton and Chicago. Her publications have been reprinted in readers
with so-called “classical texts” in different fields of studies; her work on
science has become part of the canon in science studies. The many hon-
ours and rewards, which Karin Knorr Cetina has received in the course of
the last decades, among which the John Desmond Bernal Distinguished
Contribution to the Field Award from the Society for Social Studies of
Science, are also testimony to the broad impact of her approach. Given her
international and interdisciplinary background and orientation, moreover,
I cannot imagine a better choice for the George Sarton Chair for History
of Science.

References
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Takeover by Science: The Long Contemporary
History of Financial Markets

Karin Knorr Cetina

“What is the market for you, the price action, individual participants,
or what?” I asked.

“Everything. Everything,” RG said.
“Everything? The information?”

“Everything. Everything. How loudly he’s screaming, how excited he
gets, who’s selling, who’s buying, where, which center, what central
banks are doing, what the large funds are doing, what the press is say-
ing, what’s happening to the CDU, what the Malaysian prime minister
is saying, it’s everything — everything all the time.”

RG is a currency trader. When I talked to him at his desk on the trading
floor of GB1 in Zurich, he had been in the business for more than fifteen
years and traded on several continents. He offered his definition of a mar-
ket immersed in his activities, eyes glued to the screen, ears picking up
what went on around him on the floor, fingers furiously hitting keys or
lingering close to the keyboard. He was making deals on the EBS, the elec-
tronic broker system, intermittently talking to a contact in Singapore about
the situation in Asia on his conversational dealing window and observing
“everything” on his six screens —price movements, individual buyers and
sellers, central bank activities in various countries, the Malaysian prime
minister, a German political party (the CDU). There is much to learn from
the market notion he offered. It is curiously inclusive, suggesting that noth-
ing can be excluded from potential market relevance. It is also thoroughly
informational: what mattered for him was to know it all, and then to act
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upon this knowledge. Instead of pointing to the market as a mechanism of
price formation or of the allocation of goods, the way economists might
see it, RG points to the market as a system of knowledge and information.

Sweeping and totalizing views of the market came up frequently in de-
scriptions by market insiders in my research — but such views would not
have been possible, I claim, before the 1980s. Why not? The market was
once not “everything” but a much sparser matrix with many empty cells —
containing only what a trader would precariously learn through his or her
dealing contacts. If RG had traded then and I had asked him what a mar-
ket was, he might have answered Hamlet-like, in a much more uncertain,
hesitant manner:

“Oh, I don’t know where the market is, first you have to actually find it.”

“The market?” I would ask perplexed, “Is it not the prices? The other
participants?”

“But I don’t know who is participating and what the price is,” he might
have said. “It changes all the time. So you have to find it all the time.
Who actually wants to deal and at what price, where the market is, that
is the question.”

In this paper, I make two interrelated arguments. The first is that financial
markets are not only economic realities but also variable and complex epis-
temic configurations that epitomize a particular trajectory in the history of
knowledge. This trajectory involves a close alignment between a system of
practice (trading) and its lex mercatoria and various systems of observation
and analysis oriented to epistemic principles, climaxing today in a takeover
by science — a takeover so complete in some financial areas that they could
no longer operate without it. My second argument is that this trajectory
also involves the temporalization of financial markets. I understand tem-
poralization to mean two things. One is that temporal variables take prece-
dence over space, sociality or other organizing principles as these markets
move forward and change. The second is the increasing differentiation and
articulation of temporal dimensions as markets get more complex.

The trajectory is not linear and the path to the present was not straightfor-
ward. At the core of today’s markets is what I call a scoping system — an
assemblage of electronic hardware, software and information feeds that
gather up the market and stream it onto screens. The system also gathers up



19

the context; it augments bare market data by the rest of the relevant world —
it presents all events, activities and outcomes globally that may become
significant to market action and many non-significant events — together
they are RG’s “everything”, the referential whole he had projected for him
on the six screens he observed. Two major disruptive transformations in
trading technology (and several minor ones) have created a situation in
which the market need no longer be found but is fully, extensively present
on trading floors, right in front of professional traders. One is the invention
of the ticker in 1867, a technology that temporalized and visualized an ear-
lier market by displaying the bare essentials of deals (prices, volumes and
instruments) in itemized fashion. Though this was a back-looking technol-
ogy that made market activities visible only after the fact (after deals had
been done), it created a common ground (everyone having a ticker could
see how the market had evolved) and it displayed the information in a se-
quential, running manner; it streamed it. I link the second transformation
to the invention of computerized trading systems that put things on screen
about 100 years later and that became quickly adopted in the FX market
which I will take as my main example in 1981. The first such system,
suggestively called “Monitor” as in a generalized observer, was the first
scoping technology in a broader sense — it gathered up and rendered visual-
ly present who was in the market and interested to deal, and it gathered up
news — events happening in distant places, the local knowledge the econ-
omist Hayek thought important. Monitor became the basis for later more
advanced systems of this sort. Both, streamers and scopes were necessary,
and had to be combined as they are in electronic markets, to allow the
present market to emerge: a market that is all-encompassing, that gushes
forward on screen, embodying the passing of events and the opening of op-
portunities in a global system, and that moves from time zone to time zone
with the sun. Before Monitor and its later versions, the foreign exchange
market appears to have been a network market: networks of relationship
were intrinsic to market behavior and allowed for a measure of market
coordination. Networks still play a role today, but something else holds the
market together and accounts for its shape: the scoping systems involved,
and the continuous observation they require. What emerged is a regime of
attention and examination based on an epistemic technology (see Callen
2018:661) that offers data and data analytics as well as narrative under-
standing and continually invites further measurements and investigations.
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There is now a third transformation that has been no less disruptive than
the ticker and monitor — the transition to algorithms. They tiptoed into fi-
nancial markets mostly as execution tools for traders in the late 1990s, then
took off much faster after the turn of the century and are now replacing
large portions of human traders in the stock market and other markets. As
the British Foresight report estimated, 30% of the equity trading volume
in the UK and over 60% in the US were generated through high frequency
trading by 2012.! This number has now topped out at about 50% of trading
in the US stock market, and close to 50% in the currency market. High
frequency trading is exclusively done by algorithms — no human trader
would be able to muster the speed with which deals occur in this area. The
Foresight Report laid out the trend toward more algorithmic trading, but
also noted that “there are good reasons to expect that, for the next decade
or so, the number of human participation in the market will remain signifi-
cant.” (p.32). This decade is now nearly over, and humans did indeed remain
present even in the fastest moving markets. But what the Foresight Report
did not anticipate is that the humans involved are in increasing degrees no
longer expert traders that learned dealing on the floor and that trade with
or against algorithms, but quantitative scientists trained in disciplines such
as physics, computer science or mathematics that create and control algo-
rithms as these assume trading. The emergence of an epistemic-mercenary
class of quantitative scientists that is taking over trading floors epitomizes
the long history of knowledge relations in this field. The appearance on the
scene of algorithmic traders also illustrates these epistemic relations —algo-
rithms are after all epistemic things. In addition, it illustrates the rise of a
temporal logic peaking today with an emphasis on speed and acceleration.

My argument then is that the changes observed over the last roughly 150
years involve on the one hand radical shifts in the pattern, in the coevolution
of financial markets and their environment, in every one of the three transi-
tions mentioned. But I also argue that there were organizing logics in place
in all three instances that remained the same, suggesting an overarching de-
velopment that’s internally quite consistent and coherent. Each of the radi-
cal changes can be linked to one of the disruptive technologies mentioned
before: the ticker, the computer, and algorithms. All imply transformations
in market structure, trading practices and trading agents. But the rise of

' Government office for Science 2012, Foresight.The Future of Computer Trading in Financial
Markets. Final Project Report (http://eprints.lse.ac.uk/62157/ downloaded June 22, 2020).
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algorithms also points back to a whole trajectory of preferences, themes
and principles that top out today but have been there before, since the ear-
liest shifts in pattern traced here. These organizing logics are a large part
of the story of how these markets became reengineered into what they are
today. The first logic treats markets as knowledge-dependent and equiva-
lent; it implies an identification of market transactions with information
and an early awareness of the advantages data, knowledge, technology and
science can bring. The second treats markets as time-dependent and time
as a resource and pliable variable that can be manipulated for practical pur-
poses and can also be internally defined and accelerated. “Logics” operate
on a discursive level, offering rationalizing and legitimizing arguments
(DiMaggio and Powell, 1983) that privilege and defend what they focus
on, in this case time and/or knowledge. But once implemented, they have
material consequences and drive demands — as when groups of engineers
developing an information infrastructure act as a driving force for further
such developments. Note that other provinces of the social world that
emerged or transformed at about the same time as financial markets such
as, in the US, the banking sector, have been driven by quite different
principles and don’t share the respective preferences — although there is no
reason why epistemic resources, for instance, should not have been of in-
terest to them. My argument is that financial markets fell into the pattern of
giving preference to time and science/technology over other considerations
with the introduction oft he stock ticker at the New York Stock Exchange
in 1867. The ticker visualized the market as something that is sequential
and processual; it brought it “home,” making it available — ready-to-hand,
Heidegger would say — for continued observation and responsiveness. And
it displayed a science-based technology (supplemented by the telephone
in 1878) as decidedly advantageous — much more so than what one had
resorted to in the past, such as better means of transportation.

In the following I begin with the ticker, a streaming technology, and surely
one of the earliest large scale “datafication” instruments in the history of
science and technology — one that thoroughly transformed financial mar-
kets. While the notion of a scope suggests a wide-angle view of the market
world and its surrounding context, streaming tickers made the view “live”
even before it was wide-angle: they temporalized financial transactions.
After discussing the ticker, I will then define scopic media going back to
the historical origin of Monitor and the historic alliance between a news
provider firm (Reuters) and the foreign exchange market, the earliest and
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largest market world-wide to fully adopt such a system and to thrive off it.
Streaming continued with Monitor and its successor technologies, but it is
now a multiplex phenomenon with many streams of data to observe, keep
track of and respond to. The last section defines algorithms and explains in
abbreviated manner how they developed and changed. Unlike the ticker,
and Monitor, algorithms were not invented and created for financial mar-
kets, and they were not an invention of a particular market-oriented group
or firm — although the particular algorithms used within these markets
surely are specific to them. Thus, our contemporary history has to jump
sites so to speak, looking at specific historical problem areas and episodes
leading into and defining phase transitions.

1. The Ticker as a Streaming Technology

Time is an aspect of everything, one assumes, and everything in human
history is on some level a process.? But in finance, it is a spatial market-
place we start out with in the backalleys of London in the 18" and ear-
ly 19" century, and the early over-the-counter currency market that older
market participants recalled was a network market — conceived of in terms
of spatially dispersed banks and traders whom one knew and maintained
connections with. This concept of a spatial marketplace also dominated the
stock market well into the onset of computerization. The ticker, invented
in 1867 by Edward Augustin Calahan, defied this common sense idea. It
showed that a market, however scattered its participants, was also (and had
always been) an action sequence, and the most relevant characteristics of
that sequence, the deals and prices, could be noted and displayed on tape
with some level of latency in near real time. In fact, the telegraph and the
telephone also produced data of such nature (noted by hand on “big sheets”
in exchanges in pre-ticker times), but these data arrived sporadically and
at irregular intervals and they were error prone and laborious to obtain
and note down by hand (Preda 2006: 757, 762). The ticker was not simply
a price quoting instrument — it did not for example transmit tradeable or
even indicative prices. It rather recorded and broadcast the contemporary
market history — it offered a mechanism that visualized that market history
efficiently and directly as a continuous price-volume flow. It is for that
reason that we can say it temporalized the spatial market and precast the

2 See Abbott 2001; 2016.
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later, computerized market on screen. The claim here is that this triggered
a shift in perception and perspective and reinforced the idea of an abstract
temporal and informational market delivered by a mechanism — a perspec-
tive expressed in the new practice of continuously watching the tape, in so
called “ticker trances” and more generally in the attraction the ticker held
for participants until it disappeared into computer screens.

Thus, even without offering transactionable prices the ticker changed mar-
ket practice and market thinking, extending traders temporal sensitivities
and processual vocabulary: the continuously streaming deals drew atten-
tion to the process characteristics of the sequence and to its dynamics of
movement — features that would likely have remained invisible or unprec-
ise without ticker data. Participants appeared to experience what was on
the ticker tape as the market live, and more generally the market as a live
object whose rhythms and speed one could watch as it moved. As the first
streaming instrument, the ticker showed not only a sequence of trades but
also the time intervals between them and with that the speed and vitality of
the past market. The speed, vitality, and sequential progression noted be-
low by a trader are all time related concepts. So was the latency advantage
the ticker offered to those having the instrument over those who did not:
It was clearly much faster to keep an eye on the ticker and form a trading
opinion than to obtain the relevant information by phone, telex or earlier
available (high latency) technologies. Here is the full quote of a trader’s
recollection of what the ticker meant (Quoted from Knorr&Preda 2007):

AP: These electronic tapes —

I1:  Okay, running across. Two lines, right? Uh, prices. And you could
get the speed idea. And it was live. It was a live tape, you know, going
through, and you could watch it...and that was important, because you
did get a good rhythm, you know, even better than now in some ways.
The running tape, people often used to get upset when it disappeared
into the computer screens, because you know (...) you got a great flow.
Okay, and you could see how often, if you were looking let’s say, at
IBM, and you want to see how often it came up, right? You get a flavor
also of the price differentials, who is keeping tight markets. Uh, you
could see shorts, which was very important.

The temporal construction of the market as a transaction sequence ab-
stracted away from actual human participants and the subtleties of their
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dealing interactions. From the ticker, one got a summary of the market,
the outcome of an interaction chain, not a transcript of dealing negotia-
tions and strategies. The human market had been a behavioral spectacle
mired in difficulties (Preda 2006). We can assume that this reductive ren-
dering of a human market set it up for gaining speed, but it is not clear
that speeding up the market as such in terms of the speed of transactions
was a central motivation for the adoption of the ticker. What must surely
have been attractive is the speeding up of information transmission that the
ticker enabled. Financial markets have a long history of seeking out such
time advantages. A story frequently told is that of the carrier pigeons that
the Rothschild bank famously used in 1815 to get a head-start on whether
Napoleon won or lost the battle of Waterloo — he lost.> The bank went
short on French bonds before anyone knew the outcome of the battle and
made an enormous sum of money. The news agency Reuters set up a car-
rier pigeon network in London in 1845 to obtain stock market news from
Paris — faster than it was apparently possible by train. * This sort of speed
may indeed “always” have been an important part of reaching a competi-
tive advantage in markets, as Narang (2013:243) argues. But the admirable
speed “technologies” such as carrier pigeons mustered could not project a
continuous stream of dispersed market events from multiple sources; they
could not “scope” the market but rather extended the earlier network mar-
ket by increasing the distance that could be covered and the speed with
which information travelled through network connections.

The references to information above suggest that the ticker was not only
a streaming instrument but also already an epistemic technology: it was
the key to the continual production of the most fundamental market
knowledge — the knowledge “where the market was,” where the prices
were, what quantities were available, and who wanted to trade. A financial
market, like any market, is not a dyadic person-to-person unit. Much like
a language, it is a collective entity encompassing a multitude of actors hid-
den in space whose identity is for the most part not known to participants.
The coordination trick of the ticker was to counteract this dispersion and

See also ch. 3.

Carrier pigeons had obvious disadvantages as several of them had to be set loose to make sure
that one arrived with a message. Still their speed advantages were valued even after the telegraph
was invented. For a comparison of different transmission means including horses and the con-
tinued use of carrier pigeons even today see https:/sites.google.com/site/etec540telegraph/home/
animal-post, accessed Feb 25, 2018). See also Narang 2013:244 for a version of the Rothschild
story.
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invisibility. Scopic media ultimately solved this problem about 100 years
after the ticker through online trading, but the ticker made a beginning:
It was the first dedicated technology that showed the market history as a
forward moving sequence “in real (past) time” — as it had just been lived
through, transmitted to every trading floor and exchange connected by the
instrument. It seems plain that this sort of real time apresentation of ear-
lier activities that showed prices was for traders an information baseline
crucial to the continuation and extension of market action. From now on
participants kept their eyes on the tape when they traded or had someone
doing it for them on the floor and mapping the information on boards.

They also soon found ways to extend their observational analysis by var-
ious ways of reordering and calculating the data stream. As indicated be-
fore, the ticker was presumably the first instance of a technology of data-
fication — it yielded data that represented an entire population of relevant
trades and that could be rearranged according to instruments traded, price
developments, quantities traded, trading times and so on to be analyzed
with respect to systematic patterns. This was the origin of the emergence of
the profession of technical analysts, originally former traders who resolved
to devote their attention fully to ticker tape analysis (Preda 2007). It was
also an early development of systematic self-observation and research in
financial markets that developed “on the ground” roughly 70 years before
finance theory began to boom in academia in the 1960s (Jovanovic 2012) —
a field science that found a lot to discover in a particular data stream with-
out needing to find and consult other information, and that may have stim-
ulated and sustained the data and research orientations that came later. The
ticker also early on became partnered with a news ticker that broadened its
information-epistemic role.

It is worthwhile emphasizing after what I said that the temporal and epis-
temic logic combined forces in this early period of professional financial
markets. Knowledge can be developed without consideration for market
speed as when economists on and around trading floors in OTC markets
look at the macro-economic picture — they are attentive to the times of busi-
ness cycles and macroeconomic indicators, but hardly to those of trading
sequences. And temporal considerations may target the competition (one
may want to gain a competitive advantage by being faster) or relate to fair-
ness (everyone should have access to the same data) and transmission cost
without consideration of information and knowledge. With the ticker, the
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two motivations appear to have become intertwined and they reenforced
each other. We will see that during the next two time periods distinguished
here, the modes of articulation of the temporal and epistemic vary and be-
come more complex and diverse, but the easy partnership and mutual reen-
forcement continues. Phrased differently, there is no deeply ambivalent or
conflicted relationship between the two logics I distinguished, between the
rise of a temporal and epistemic dimension in these markets.

Why did these logics gain traction? A financial market is on a behavioral
level a coercive response system whose units are not single actions but
transaction responses and response chains — the result of the motivated ne-
cessity to continually respond to market movements to avoid losses and
realize opportunities; doing nothing in professional financial markets is
also a response-reaction. The “reactor” market needs the response pres-
ence and re-action and not just an action-commitment by participants to be
continued. In such a system, each event, that is each market transaction,
is in tendency the direct cause of the one following and the direct result
of the one preceding. Being “in the market” means having money and by
implication one’s livelihood on the line, and these values may change with
every move of the market. Participants can exit the market (sell their posi-
tions), but short of exiting, responsiveness to the market is necessary and
expected in institutional markets.

It is plausible to assume that the sort of quick (and with algorithmic trading
extreme) reactivity that one sees in contemporary human currency markets
is neither natural nor inevitable. One hypothesis is that the reactive atti-
tude embodied in financial markets today became possible and took roots
together with the temporalization outlined. Consider that there are two pre-
suppositions for responsiveness to work. These are not general conditions
that need to be in place for a financial market to come into existence and
function at all, such as property rights, contract law, or in currency markets,
floating rather than fixed exchange rates. Such conditions, if not fulfilled,
have catastrophic consequences: they negate the institution or consequence
for which they are a presupposition.® What I propose instead is a pragmatic
notion of presupposition following the philosopher Stalnaker (1974). In the
present case, a pragmatic presupposition refers not to what the market pre-
supposes, but what market actors presuppose when they engage in market

> For example, a we cannot assume a proper market to come into existence if certain rights and

obligations are not in place and legally enforceable.
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actions. If these actions need to be responsive, they presuppose knowledge
of earlier market responses, that’s information about what the last market
moves were to which a response should be directed. And that information
needs not only to be available and communicated, but it needs to be noticed
and perceived by the actors in a system. As a consequence, there is, besides
the first presupposition of information availability a second pragmatic pre-
supposition — participants are required to continually pay attention to and
observe the market.® Both presupposition would normally be expected to
hold “in the common ground”” between market participants, and would be
directed to market movements (price actions).

The ticker presumably fulfilled the first presuppositional requirement and
evoked and called for the second — to an extent they had not been fulfilled
before: the historical record suggests that it was the sudden availability of
a response ready market knowledge that led to the eager reception of the
instrument, and to the excited attention participants devoted to the ticker
tape. That is true of those who had the ticker — those who did not confront-
ed severe disadvantages. As Preda showed (2006), exchanges attempted to
monopolize access to the ticker, and members of bucketshops and offsite
brokers resorted to desperate and illegal strategies of trying to overhear
what went on inside the exchange through closed doors or bribing some-
one inside to relay the relevant information to them. Pragmatic presuppo-
sitions need not produce catastrophe when they are not fulfilled but may
produce weaker forms of failure, for example, market missteps or a wash-
out of one’s position. And a delayed response or non- response by a market
participant could easily negatively affect the value of investments.

Let me finish this section on the ticker by summing up the consequences
it had. The most important effect was surely that it temporalized the pre-
viously spatial marketplace — it datafied it, and with that it readied it for
quantitative analysis and scientific treatment. On participants side, with
the ticker came the beginnings of a coercive regime of attention — one that
eliminated the need to find ways to collect information about where the

¢ See also chapter 4 and 5 where I have gone to some length in explaining how scopic media attract
and afford mass attention to the market. I also argued that given that the market directs mass atten-
tion, we can assume a level of attentional integration in a dispersed and mostly anonymous global
market.

7 This is as Stalnaker put it, see Beaver, David 1. and Geurts, Bart, “Presupposition”, The Stanford
Encyclopedia of Philosophy (Winter 2014 Edition), Edward N. Zalta (ed.), URL = <https://plato.
stanford.edu/archives/win2014/entries/presupposition/>, downloaded Dec 5, 2018 and the works
cited in the text.
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market was, but enforced the need to watch the ticker tape, the source
of information. From the convergence between a market transformed into
streaming data and participants’ abiding attention to the tape, new forms
of analysis and a new profession emerged — that of technical analysts, who
took the ticker data and recalculated them for various purposes, including
to trace and dissect price movements (chartists). The sociology of financial
markets changed too, a further consequence of the ticker: Those exchanges
and brokerage houses that had the ticker gained informational advanges
over those who did not — and with it they gained institutional power and
improved their position in the field, while those that did not have the ticker
lost out. In other words, a new form of social stratification emerged tied to
who had access to the ticker and could monopolize it, and who did not (see
also Knorr Cetina and Preda 2007).

2. Scopes: the transition to Scopic Media

Now the transition from the ticker to the computer, to putting an intensely
observed, partially informationalized but still spatially situated market in
terms of actual trading locations entirely on screen, and screens replacing
ticker tape and enabling electronic trading. I trace this here for the insti-
tutional currency market, by far the largest market worldwide in terms of
volume of trading with an average daily turnover of approximately 5.1
trillion U.S. dollars in 2019.% It is also likely the earliest market that fully
embraced electronic trading within a year of the technology becoming ful-
ly functional in 1981; the process appears to have been fraught with resist-
ances and delays in exchange traded markets (see Pardo Guerra 2019). One
impressive aspect and driver of the transition to scopic media is the axial
alliance between institutional traders, mostly banks, and a technology firm
that conceived of its role as fulfilling and providing for all the hard- and
software functions the currency market needed — it saw itself as the one
stop go to for the market’s information needs, took care of transatlantic
and national cables and connections for the purpose, and also developed,
partly from scratch and partly by making use of existing technologies, the
market-visualization and monitoring media that enabled electronic trading.
This mercenary alliance with a techno-epistemic company has been the

8 See the volume development for all FX transactions: https://www.statista.com/statistics/247328/
activity-per-trading-day-on-the-global-currency-market/
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backbone and driver not only of the transition itself but also of one of its
major outcomes, the global synchronization of the FX market. A second
outcome is the further emergence and proliferation of temporal strategies
and categories instantiated in infrastructural and mediastructural technol-
ogies as well as in the human technology of market participants’ behavior
and collective arrangements; all aspects of an ecology of time. A dominant
dimension across categories is speed — temporalization translates into ac-
celeration in this period but not only into acceleration. Monitor, too, was an
epistemic technology —key to the production of market knowledge from the
vastness of economic, financial and socio- and geo-political data screens
and computers are able to transmit and channel. The technology became a
massive enabling force and driver of market changes in the 1970s and 80s,
but it also became interwoven with the preference for temporal variables
as an organizing principle of the development.

The transformation is, in the FX market, to a large extent a story of Reu-
ters, originally a news company that transformed itself into a financial
service company and a high technology company in the 1960s and 70s.
Reuters was in many ways as dominating an institution for the over-the-
counter currency market as the New York Stock Exchange and the London
Stock Exchange were for the stock market. Exchanges are key institutions
in the market. Once established, they were the places where buy and sell
orders would go, prices and trades were brokered, and settlement used to
occur. They were also institutions that offered investors and clients some
assurance of fair and transparent trading. A corporation such as Reuters
is clearly external to the market — as external as regulatory institutions,
and on some level as needed and challenged by markets. Economic soci-
ologists have seen the state (regulator and the government) as the central
institution that enables, restrains and creates markets (See Fligstein 1996,
2002, Fligstein and McAdam 2012, Pardo-Guerra 2019: ch.7, 292). Fol-
lowing Polanyi (1944), they tend to see markets as embedded in politics,
and governments as the part of the environment that most directly affects
markets. This is surely plausible for the stock market, an exchange-traded
and civic investor-oriented market. In the US, the SEC (Security and Ex-
change Commission), created after the crash of 1929 by the Securities
and Exchange Act of 1934 with the goal to “protect investors, maintain
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fair, orderly and efficient markets, and facilitate capital formation,” has
held strong oversight of stock markets ever since. But not all markets are
alike, and there are long standing differences between exchange-traded and
over-the-counter (OTC) markets. If the stock market is “notably regulated”
(Pardo Guerra 2019: 288), the Foreign Exchange Market is notably dereg-
ulated — not subject to the disclosure requirements and other regulations
of enforcement authorities such as the SEC specifically created for that
purpose.'®

Contemporary currency markets have not been so independent of Reuters
and similar industries for their economic growth OTC-markets and the part
of its environment that counts, we need to look at the technology firms and
information, news and analysis providers and the science and engineering
behind them rather than to look to governments. Reuters is particularly
interesting here, since it is there at the beginning of the contemporary cur-
rency market in the 1970s, and is designing, engineering and assembling
the infrastructures and central media structures (hardware and software)
for its operation. It is also aiming to be a single provider and access point
for all the tools the FX market needs, and, following these needs, is setting
itself up from the beginning as a global operation. Reuters catapulted itself
and the currency market into the late 20" and 21* century and dominated
this worldwide largest and highly profitable institutional financial market
for more than a generation. In fact, calling this a form of embeddedness
doesn’t quite capture the depth of the alliance and the co-evolution of the
FX market and a technology firm in this second phase.

Reuters plunge into financial markets took off from a successful transat-
lantic deal it made with the North American company Ultronic in 1964 for
the rights to use its “Stockmaster” service, a computerized stock exchange
quote system, with its North American content in Europe for a share of
the profit; Reuters offered its leased high speed circuit across the Atlantic

U.S. Securities and Exchange Commition, https://www.sec.gov/Article /whatwedo.html accessed
Jan 22, 2019.

There are several reasons for this, one being that the origin of the OTC market lies with private
trading networks; as private markets they are not bound by the standardization requirements of
exchanges, can trade unusal quantities and contracts, and prices need not be published. Remaining
outside the “limitations” of exchanges is to some degree the reason for their existence. Another
is that foreign exchange trading involves issues of national sovereignty and the consent of more
than one government to relevant regulation. Thus, the FX market has by and large been prag-
matically independent, “has little (if any) supervisory entity regulating its actions,” and “unlike
trading in stocks, bonds, and derivatives, trading in currency markets is essentially unregulated”
(Osler 2009: 5408).
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in return. Stockmaster was, like the ticker, a pre-screen data service. But
while the ticker served exchanges, Stockmaster made it possible for some-
one remote from an exchange to access prices as they happened. Ultronic
received ticker data from exchanges, processed them in a central computer,
and made them available for retrieval via a code by desk units in custom-
ers’ offices. Traders could also retrieve the latest bid and offer prices if
they were an exchange member — and they would be alerted to and could
see price changes virtually instantaneously (Ransom 2014:2). The service
allowed bank traders and brokers to trade “on more level terms” with ex-
change members in terms of the speed of access to price information. It
was also faster and cheaper than clerks or open phone lines to exchang-
es and head offices and freed these lines for trading. Brokers could fur-
nish clients with “up to the second” prices — all meaning potentially more
trades, more turnover and the overall growth in turnover of the financial
markets (Ransom 2014: 3). These details matter, since they explain why
Reuters moved so successfully into the Foreign Exchange market — and
how the stock exchange and the OTC market were connected in the be-
ginning of currency trading — by a firm setting itself up as a cross-domain
“bi-linqual” information service that served over-the-counter bank traders
as well as exchanges and bridged the gap and hostilities between the two
kinds of market venues — and by Reuters perceiving the usefulness of such
a service for the newly emerging currency market.

According to the Reuters archives (particularly Ransom 2014), Stockmas-
ter transformed Reuters financially into an enormously profitable business,
and led it to develop a marketing infrastructure and sales force with close
contacts in banks, brokerages and telecommunication authorities. Reuters
had the exclusive rights to the Ultronic quotation and display systems out-
side North America, and it forged deals with European and later other ex-
changes that added their data to the service and opened up new markets.
Stockmaster also led Reuters to set up a computer division and data centers
in major financial centers, and to hire the technical core that drove the
Stockmaster project forward. There were many successive improvements
around the stockmaster service between 1964 and 1970, most pathbreaking
perhaps the move to Videomaster, essentially Stockmaster on a screen with
additional features. “There was not a video screen to be seen in Reuters”
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before 1968, and order wires were used instead of email.!" But by 1970, the
first Videomaster installations in Europe were made in Paris and Geneva,
offering an impressive 10,000 quotations from 33 markets. At the end of
the 1960’s, the screen version of Stockmaster and its further developments
were well established, and Reuters’ computer division’s job was declared
“done.” Reuters moved on and redirected its technical and financial assets
to create its next and perhaps most pathbreaking project, Reuters Monitor
(Archives 2015:3, 5).

Monitor was designed “to penetrate the huge market for foreign exchange
prices.” Under the Bretton Woods system, the U.S. dollar’s value had been
fixed against gold — but it struggled throughout the 1960s and was seen
as increasingly overvalued; the result of the cost of Johnson’s domes-
tic spending on his Great Society programs, the rise of military spend-
ing caused by the Vietnam War, an oil crisis, and other factors.'? In 1971,
Nixon announced the temporary suspension of the dollar’s convertibili-
ty into gold — a crisis that became permanent and marked the breakdown
of the whole system that had existed since 1944. When currencies could
move freely against one another from 1973 onward, trading took off, and
a new unregulated market emerged — the contemporary foreign exchange
market. Reuters perceived the “Nixon shock™ and the floating exchange
rates that followed as an opportunity (Bartlett 2015:1). It conceived of the
Reuter Monitor system in 1972 with the success of Stockmaster in mind as
a “Money Rates” service. The design mirrored to some degree the proven
Stockmaster system but added new levels of technology, engineering and
sales expertise. At the time, neither Apple nor Microsoft had been founded,
the design of the Internet as we know it had not started, there was no suit-
able operating system or high level computer language on which to base
the development, Intel had just only launched its first 4-bit microprocessor,
and the Google founders had not been born (Bartlett 2015:2-3).

Monitor was a calculated initiative, but not one without risk. Bartlett points
out several of these risks (2015:2):

Reuters and Ultronic had however launched a US business wire of news delivered to teleprint-
ers and videoscreens in 1967 (see Reuters Archives, Reuters technical development chronology
1964-1969:3).

12 See International Monetary Fund, The end of the Bretton Woods System (1972-81), https://www.
imf.org/external/about/histend.htm
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The market would have to be built from scratch and take account of
competitiveness between market players. It challenged the position of
existing participants like money brokers.

It needed capital for computers, client equipment, software and hard-
ware development. A considerable bank loan was required, and this was
a first for Reuters.

It assumed that some customers would pay for the privilege of adver-
tising their precious buy and sell rates for different currencies, while
others would pay to see those rates.

It appeared to run against telecommunications rules about carrying traf-
fic from a third party on a leased line.

It required the development of reliable, efficient software. Reuters
expertise had been mainly in hardware.

Reuters assessed the risk by making simulated demonstrations to potential
clients using a screen, a keyboard and a tape recorder to simulate the arriv-
al of data from a host — and then took the plunge.

The first screen and keyboard, Trevor Bartlett, head of knowledge man-
agement and project leader at Reuters, raved, “was striking, with a brushed
aluminium finish, later used in iPhone...The first Apple Macintosh in 1984
had a remarkably similar profile” (2015:3). But despite its glamorous looks
at the time, Monitor’s small one device screen was still light-years away
from the immersive scopic environments of Reuters’ 2000 and 3000 sys-
tems with its many services and functions that followed in the 1990s and
after Monitor’s retirement in 1998. There was no real time updating, for
example. Banks such as Barclays owned one or more pages of information
laid out like a spreadsheet which they contributed and needed to update
by specifying the page row and column and data to be displayed. But cli-
ents didn’t like spending their time updating Monitor, Bartlett notes, and
Reuters sales force had to encourage contributors many times to keep their
new rates posted — not an automatic achievement when done by hand. As
a consequence of the updating problem, one of the first (hardware) im-
provements addressed the issue through copying the keyboard input des-
tined for client’s in-house systems. In the end, Monitor’s sales success and
the updating delays prompted the integration of Monitor with clients’ own
computer systems and trading rooms — most important perhaps through
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data feeds, the ability to retrieve and contribute data from client terminals
and computers.

But a slick and light Monitor terminal was not enough. Traders wanted to
see “dealable” prices on the same screen, as one of Reuters’ product de-
velopers at the time and its executive director in the 1990s put it, “so we
created the Reuter dealing service which logically culminated in Reuters
becoming the electronic broker showing banks the best price in the market
for them at any instant.” (Ure: 2015:2). The development of the Reuter
Monitor Dealing service “started in earnest” in 1978 — and was expected to
go live during 1979. It took until 1981; when it was launched, it combined
Monitor data with conversational dealing that enabled FX traders to actual-
ly conclude trades over the screen/terminal. Reuters Conversational Deal-
ing was based on what traders had done by phone: dealing with a coun-
terparty via brief communications; an updated version is still used today.
But it was certainly faster than dealing by phone. The traders on the floor
I observed (between the late 1990s and 2nd decade of 2000) sped things
up further when using conversational dealing. They often kept the conver-
sation “open” on screen, thus avoiding that first and last “handshake” of
a conversational opening and closing and concluded deals within 3 short
lines of text.

The three innovations (Stockmaster, Monitor, and Conversational Deal-
ing) gradually made Reuters more profitable than ever before. In 1963 the
company had made a profit of £51,000; in 1973 profits reached more than
£709,000; and in 1981 profits were more than £16 million (Read 1999).
But one major innovation dominant in the contemporary FX market was
still missing, an electronic broker. Started in 1985, it took until 1989 until
a phase 1 version named Dealing 2000 was released that only provided in-
dicative, non-dealable prices, and 3 more years until phase 2 offered these
prices and eliminated the need for human brokers (Davids 2017:6). Buy
and sell prices could be entered directly into the system, which ordered
the bids and offers and matched them. “Although D2000-2 and GLOBEX
didnt reach their product potential technically they performed to the level
required” (Davids 2017:6). One reason for this toned-down assessment
regarding the product potential surely was that a consortium of major FX
banks, annoyed with the cost of Reuters systems, resolved to create their
own electronic matching and dealing system, called Electronic Broker
Service (EBS), and started using it in 1993/4. This led to a situation in
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which Reuters’ version ended up being used for the British Pound and
related commonwealth currencies such as the Australien and Canadian
Dollar, while EBS was used for continental European as well as Japanese
and Chinese currency — by far the larger volume of FX trades. Many of the
functions of Reuters’ 2000 product series were integrated later in its sub-
sequent Reuters’ 3000 platform. Note that FX market is primarily a quote
driven market, in contrast to the equity market which can be characterized
as an order driven market. Dealers are banks which are both principal and
agent in the market — they deal on their own account and on that of cus-
tomers'?

As the FX market grew and became truly global, Reuters position as the
one-stop go to for the FX market became harder to maintain. Nonetheless,
Reuters systems, enhanced by banks’own EBS, remained dominant
throughout my own market observations before and after the turn of the
century, and they are still dominant in the FX market today, though they
may also contain automated dealing — it just featured ever more screens to
which banks added an additional Bloomberg terminal and Telerate service
on the side. Given its earlier role as a general news provider firm (continu-
ing today), and its competence in transatlantic news transmission, Reuters
had been well positioned for the role it played in repurposing and develop-
ing the cable and satellite connections and deals with national postal and
telecom monopolies that were needed for a global market — and in ena-
bling, shaping and profiting from the transition to computerized trading.

Reuters started the transition to on screen electronic trading and to what
I called scopic media off with Monitor. It was, as noted before, a phase
transition — it entailed a major reconfiguration of financial markets, and
not just a shift to new trading tools and venues. The introduction of the
ticker as a device that visualized and streamed the market had changed
trading practices, prompted the rapid emergence of a new profession of
technical analysts, enhanced the power of exchanges and their members at
the cost of offsite trading, and familiarized participants with the market as
an abstract flow of transactions and its process characteristics. With elec-
tronic trading, the spatial market disappeared into screens where it resur-
faced in the aggregate as a mechanism-based collection of sequential bids
and offers, done deals, news events, conversational dealing and chatting

13 See Financial Stability Board 2014: Foreign Exchange Benchmarks. Final Report. www.fbw.org/
wp-content/uploads/r_140930.pdf
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sequences and commentaries and analysis.'* A fresh configuration of what
a market was and how one traded it ensued. When traders said the market
was “everything” — they meant everything on screen, with the core of the
market (sequentially scrolling down best bids and offers) embedded in the
market’s history and future projection and in an economic, financial, po-
litical and social world rendered by newslines, analysis and commentary.
Dealing now involved communities of traders linked not by knowing one
another, by shared market interpretations, or a shared place, but by the
process of watching a market in flux, “flying by” as it constantly transi-
tioned from one price to the next, and from one response challenge to the
next. Linked in with the flux, and unable to sign out during their waking
hours and even at night, the trading group became a community of time,
oriented more to the dynamics of its object of observation than to other
traders’ meaning and intentions. The market lost, in this stage, some of its
traditional sociological properties but gained epistemic breadth as traders
and investors honed observation- and analysis skills and learned to use for-
mal means, for example technical analysis, to describe and predict market
behavior. Released from state governance, and without central hierarchies
or structures such as exchanges, it was free to mutate into a mediastructure
for the streaming and synchronizing of global financial data, thinking and
action. One of the characteristic features of this synchronization given the
fragmentation elsewhere in markets was the existence of one global price
and the elimination of geographical arbitrage.

Synchronization is a form of temporal integration — the achievement of a
global co-temporariness of participants in one, momentous, present. It im-
plied moving forward in step, but in analytic time rather than in clock time,
within the observed, calculated and responded to beat and rhythm of the
market, the pulse and speed of prices and deals as they appear, are replaced
and scroll down the screen. Synchronization also involved “handshakes”
between time zones: traders received the market from the previous zone by
talking it through with a contact in that zone and they passed it on similar-
ly to the next zone; if both zones overlapped for a while, as with London
and Zurich on one side of the Atlantic and Wall Street on the other, one
did not pass on the market but one still passed on information. And syn-
chronization also meant the integration with historical market data through

14 For the details of how this mechanism sorts and orders market data and squeezes the market into
form, so to speak, see for example Ch. 7.2.
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vastly expanded types of fundamental and technical analysis that extend-
ed present market data days, weeks, years and even a generation or two
into the past and extrapolated them into the future. But the achievement of
temporal synchronization that integrates the global trading group as partic-
ipants follow the market’s upticks and downticks in sync with others also
watching the market tick, and that’s based on the overlay of standard time
with the tact of price differences as the market moves forward, was only
one temporal operation. It was accompanied by the speeding up of trading
itself and the vast acceleration and re-engineering of new infrastructural
connections.

The details of this re-engineering are a topic in its own right and cannot be
addressed here. Let me just say that Reuters took care of the infrastructural
provisions relevant to the markets it served. Yet this was not, for Reuters,
a techno-epistemic venture (Reuters did not build connections but leased
and financed them) but a political project, mainly one of overcoming “reg-
ulatory hurdles.” What the story tells us, though, is that scoping, as an
epistemic venture, depended on a vast infrastructure of data servers and
transmission — as do the algorithms of the next phase transition, as we shall
see. It also tells us that one aspect of the temporal logic, transmission time,
remained an issue during this phase of the FX market’s development, not
because a solution had not been invented or was not available where need-
ed (both landlines and transatlantic links were in place), but partly because
monopolistic structures restricted their access and use, and partly because
demand exceeded supply at some point and caused “unacceptable” delays.
Transmission times were restricted by the speed of lines. When Monitor
started, eight customers shared a line that worked at 1200 bits per second
and was later enhanced to four customers sharing a line at a speed of 2400
bits per second. The average broadband speed in 2015 in the developed
world was 10 million bits per second (White 2015:5). Thus, a large part
of the speeding up of financial markets in the last decades has to do with
the further development and speeding up of infrastructural connections — a
development that would likely have occurred irrespective of financial mar-
ket needs and pressures.
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3. Algorithms - the new market actors

The ticker had been an epistemic technology that gave participants essen-
tial but minimalist market knowledge — only data on instrument traded,
quantity and price, and these were of past trades. In contrast, the scopic
media of the second major transition offered lavish amounts of data and
seemingly endless possibilities of more: more information, more analysis,
more history, more context. If the ticker cut things to a minimum, scop-
ic media allowed maximal flows of market- and contextual processes to
converge on screen. But scopic media also offered a venue for human ac-
tion. Once conversational dealing was feasible and the electronic broker
was added, traders could request a trade by a click of a price button or a
brief line of talk — and the deal was made within fractions of seconds and
registered on screen. After the introduction of Monitor markets were, as
noted before, no longer just dispersed networks of interaction but domains
spanned and coordinated by a central media - structure and epistemic tech-
nology that scoped the territory and displayed it on screen — as a flow of
trading opportunities and activities. In the terms used before, financial
markets were no longer just a microlevel human interactional institution
but had become, in one of its core elements, a media-institution that con-
tained, archived and instigated knowledge — a tableau of global economic
intelligence that’s continuously updating and projecting itself forward. The
turn to algorithms, the last transformation discussed here, pushes the sys-
tem “over the edge” of humanness, so to speak. It now relies not only on
scopic media as a central observer that projects the market and its context
for human participants, it also replaces the human actors at the core of
previous financial markets, skilled traders, by synthetic actors. With that,
the media institution that originated in the 1980s — and grew as scopic
media grew to include more functions — becomes a nearly total, synthetic
institution. In this system, central functions such as global connectivity,
the scoping of translocally co-occuring'® phenomena, and the performance
of system-specific operations have all been delegated to information and
communication media of different types. Algorithms, I want to note here,
are specific, agentic things, but they are also epistemic things (Rheinberg-
er 2006) — unfolding objects of knowledge and development in computer

15" To note, by co-occurrence here is not co-occurrence in real time but of relevant market and con-
textual phenomena in an extended present....
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science, informatics, artificial intelligence, machine learning. Like the sys-
tems of screens, computers and software that monitor and project worlds
(scopic media), they too rely on an infrastructure of data centers, servers,
and transmission lines to function. In other words, algorithms inhabit an
ecology quite different from that of biological humans, often invisible to
the latter, but consistent with the ecology of the scopic media. Humans
are not “out” in that system, but they are of a “new” kind — new types of
experts in new roles, with new task portfolios to perform, in a structurally
changed market. Their work fits the media-technological environment in
which they are placed together with synthetic actors.'®

When algorithms become actors this raises questions for participants —
when did they become accepted as more than a practical tool, a Siri for
human traders to whom tasks can be delegated? It also raises questions
for observers and analysts: what prompts us to treat programs as actors
rather than as electronic things or steps in a process of automation? Much
of the answer to these question hinges on how algorithms are encountered
in trading practice and how participants and the engineering side responds
to them. It also hinges on a notion that’s at the core of agency, that of au-
tonomy. In some financial markets, for example in high frequency trading,
algorithms are the only traders. As we shall see, they are defined as making
their own trading decisions and have been granted the autonomy to trade
without human interference over substantial periods of time. In other areas
they trade alongside and with human traders who often cannot distinguish
reliably whether they are trading with an algorithm or a human and who
refer to and acknowledge both categories as “traders.” At the same time,
we find that algorithms are also routinely paired with humans who are no
longer professional traders but “quants” — quantitative scientists holding
Ph.D.s in areas such as physics, mathematics or computer science. Algo-
rithms role in markets and the striking consequence of their partnering with
humans in configurations that I will call semi-autonomous can’t simpy be
seen, | maintain, as the routine outcome of technological progress leading
toward automation. It entails the acceptance and recognition of synthetic
things’ agency, intelligence, trustworthiness, and even as warranted ob-
jects of sentiment and attachment. In other words, what comes into play
when synthetic objects become agents is processes of evaluation resulting

16 The word “synthetic” derives from the Greek suntheticos, based on ‘suntithenai,” place together or
put together. See https://www.dictionary.com/browse/synthetic accessed May 5, 2019.
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in these objects acceptance and inclusion in a social order of recognition —
a notion intended to capture the human process of “membering” an entity
through evaluating it as equivalent or even superior to humans on relevant
dimensions. Such evaluations also come with a reevaluation of human ac-
tors in the system. For example, the professional skills human traders used
to have when they traded lost worth and recognition in recent years, and
traders lost their job, or else needed to upgrade their expertise to a level
of quantitative science. The quants now on the floor have upgraded task
portfolios that require, for the tasks to be accomplished, a Ph.D. in a quan-
titative science (from a top university, to be sure).

Processes of recognition of equivalence or superiority may be long and
involved, and their phases and elements warrant a historical study in its
own right. What I can do in this article is put the spotlight on various
pathways to recognition that appear evident in financial marktes. I will
distinguish between several types of capacities, all potentially leading to
recognition: The first is operational capacity, leading to the use and accept-
ance of algorithms as task assistants of sorts that relieve traders from repet-
itive work. A second type is cognitive capacity: the offloading of thinking
from humans to algorithms. Although algorithms’ thinking skills are not
based on the same processes as humans’, they can be equivalent in output,
as reflected in the term artificial intelligence. I will call the third type a
capacity for autonomy. It builds on cognitive capacity but requires more:
an offloading of agency exercised in human performances onto algorithms
such that the performances can happen without constant human instruction
and guidance. A fourth capacity and pathway to recognition is relational.
Are algorithms recognized team members, interaction partners, are they
conversationalists? In trading fields, relational recognition may include
questions of emotional bonds developing between algorithms and humans
but also conflictual relationships, as with disruptive, interfering, resistant
or maladapted behavior by synthetic actors. Moral and legal recognition, a
fifth dimension linked to how human authorities and the state specifically
perceive and evaluate algorithms could be added to these pathways, but
this has so far created unique difficulties in financial markets on a legal
level and will not be treated here. In the following, I will discuss what al-
gorithms are technically speaking and then illustrate the various capacities
and pathways to recognition.
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3.1.What is an Algorithm? The New Infrapersons in Financial
Markets

Electronic trading, the sort of trading that became possible with Monitor
and dominates since then uses computers to trade, exchange information,
chat, and everything else scopic media allow one to do through a screen —
but by itself, it is not algorithmic trading. Electronic trading is manual
and “high touch™: a trader hits a key to trade what’s on offer on an elec-
tronic broker system, which displays the bid and ask prices and volumes
onscreen, or a trader sends a message to deal directly with a counterparty
using an onscreen conversational dealing system. Electronic trading also
can be “medium” or “low” (human) touch, and only then is it algorithmic
(and electronic) trading; more or less of the work of human traders — e.g.
scanning prices and executing trades — is performed by algo-tools.!” There
are various types of trading based on algorithms; when algorithms do trade
execution, for example, the algorithm “is the bullet, not the finger on the
trigger”, since the algorithm isn’t making trading decisions.'® But algo-
rithms that make trading decisions are increasingly common, and are based
on models and intake of information. For example, they can to a degree
read the news and interpret current events, and in response they can exe-
cute a trade and hedge against it. When the algorithm has its finger on the
trigger, we can extend the current parlance and describe it as “algo” touch.
As I write this, humans still outperform algorithms in analyzing the seman-
tic information carried in human-readable data streams, which range from
written stories to audio and video sequences and tweets on social media
websites. But news analysis performed by algorithm is a significant focus
of research, with the goal of enabling computers not only to understand the
numerical information of market prices, but also to understand non-numer-
ical information. As this research advances, we will approach the “algo”
touch mode, in which no human trader will be involved in trades, but soft-
ware agents will be essential. In fact, a Bloomberg head