EM PIRIA

REVISTA DE
METODOLOG&A
DE CIENCIAS
SOCIALES

Nj 18 - 2009
julio-diciembre
ISSN 1139-5737

_ Presentaci—n
JosZM. Arrib as, Lino Camprub’ y David Pretel

ARTECULOS

La estad’sticay el curso de la raz—npcebica:
compromiso e imparci alidad en un mundo
cuantificado
Theodore M. Porter

Patents for I nventi on: Setti ng th e Stage
for th e British Ind ustrial Revolution?
Chri sti ne MacL eod

Inv enci—, Nacionalismo Tecnol—gico y Progreso:
el discurso de la propiedad industrial
en la Espa—a del siglo XI X
David Pretel

Los esttndares como instrum entos pol’ti cos:
ciencia y Estado franquista a finales
de los a—0s cincuenta
Lino Camprub’

Maki ng Scientific objects and setting Standards: va-
lues, technology, government
and th e Enlightenment
Anto nio Lafuente y Nuria Valve rde

C—mo hacer ciencia con aparatos.
Un enfoque materi alista de la f'sica cutnti ca
Carlo s Madrid

DEBATE

Ten Thousand Journal Articles Later:
Ethnography of Qhe LiteratureEin Science
Hannah Landecker y Christopher K elty

TEXTO CL¢SI CO

El objeto de la historia de la ciencia
(Presentaci—A y Traducci—n: T scar Moro)
Georges Canguilh em

LIBROS

UNIVERSIDAD NACIONAL
DE EDUCACIIN A DISTANCIA



Ten Thousad ounal ArticlesLate:
Ethnogapy of CThé.iteatueEin Stene

CHRISTOPHER KELTY

UCLA Center for Sodetyand Genetics
ckdty@ucla.edu

HANNAH LANDECKER

UCLA Center for Sodetyand Genetics
landecker@so.uda.edu

Recibido: 26.05.2009
Aceptado: 02.11.2009

1. FIRST, TWO STORIES

1. A subfield of biology emergedin the 1960scdled cell fuson. As with
many developments in pog-World War Il sciences,the literature of cell fusion
was bewildering for mary reasonspnotlead beauseof its sheer volume bthis
work was being done in hundreds of |aboratories, generating thousands of pub-
lications. Early papers on microinjection and nuclear transplantation were
groupedunder cell fusion eventhoughthey didn®necessaily have muchto do
with onearnother nor did they cite eachother, even when included in the same
volumeof cdlected papersThenew cellular formscreaedby fusionled to an
explosion of new words to describe them, making it difficult to determine when
pemle weretalking aboutthe samething referedto by different terms.

In addition, therewere mary papers cited and discussed in cell fusion liter-
ature tha did notrealy involve fusing cels, which madeit hard to detemine
wha lay within the field of inquiry. While cell fusion seemedto cleary fore-
shalow the ideasand pracicesof both cloning and making transgenic organ
isms, there were no clear causal links to trace genealogical lines with. Scientists
interviewed decades later had little to say about this work other than how quick-
ly it was replaced by genetic engineering, or how it led to monoclonal antibodies,
auseful biotechnical tool. Many youngerscientistsdid not evenknow about it.
You might even ask why it ssemedo have any cohaenceatall, much lessone
tha might neessitte historical analysis
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Here is one answer: Cell fusion marked the emergence of a new mode of ap-
proaching living matter which emphasized reproduction without sex and the in-
ternal compatibility of all life inside the cell membrane. Well before genetic en-
gineering or cloning, the living cell as manipulable technical space was being
established. What was going on in this literature was a gradual, cumulative
process of redefinition of a core biological concept, that of hybridity. It was be-
ing redefined in practice, through the literal making of objects understood as hy-
brids, whose living properties came as a surprise to their makers. Cell fusion was
just what it sounds like: the fusion, by artificial means, of different kinds of cells
with one another. Much to the experimenters’ surprise, the fused cells did not die
in disorganized chaos, but instead their nuclei would merge, and the cells would
even continue dividing with the chromosomes from both parent cells. Cells
were fused across species boundaries, and extraordinary hybrids with the chro-
mosomes of mouse and man, or hen and man, or mouse and rat became perma-
nent cell lines.

These experiments made it clear that once the cell membrane was breached
and resealed, whatever was on the inside of the cell was compatible across ex-
treme biological difference. Experimenters spoke of functioning multi-part en-
zymes composed of rat subunits and mouse subunits, of human proteins pro-
duced in mouse cells — well before the language of genetic homology across
species produced by large-scale gene sequencing. Biologists quickly moved on
to juxtaposing all kinds of biological difference in the same cellular space.
They would fuse old cells with young ones, malignant ones with normal ones,
cells at different locations in the cell cycle, differentiated cells with undifferen-
tiated cells. It didn’t matter if cell fusion proper was used — early microinjection
and nuclear transplantation were regarded as being of a piece with cell fusion ex-
actly because the principle was to, in the words of one paper on microinjection,
«turn the tissue culture cell into a test tube».

Cell fusion faded as quickly as it began, as the much more specific method
of genetic engineering promised much higher precision in transferring genetic
material between species. Journals founded less than ten years before to address
the field changed their names or ceased publication. The significance and fleet-
ing coherency of cell fusion as a field came not from what it turned into di-
rectly, but from a reconfiguration of ideas and practices of hybridity. The hy-
brid, rather than the rare oddity at the edge of species, such as the mule, came to
mean the conjunction of biological difference in the same cellular space (Lan-
decker 2007).

2. The discipline of computer science did not exist before 1960. By 1970,
several distinct subfields had emerged, each with its own publications, scholarly
societies, techniques and practices and very large volume of literature. The 1950s
therefore were thus a period of odd juxtaposition, creative re-mixing and re-la-
beling, and productive mixing across many disciplines, ranging from engineering
and mathematics, to logic, to biology and neuroscience, to operations research
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and game theory, to linguistics and cognitive science. Some research projects that
would seem to be in obvious conversation with one another (such as the work on
automatic machine trandation and the work in linguistics inaugurated by Chom-
sky) employed different methods and theories; other work created surprising
connections. Michael Mahoney (Mahoney 2002) has diagrammed some of these
surprises that organized the seeming chaos of computer science before roughly
1965. Aswith cdll fusion, an explosion of new words and new claims emerged in
these disciplines, and many papers published in, for instance, the Communications
of the Association of Computing Machinery or Annals of Mathematics Seemed to
be about neither computing machinery or mathematics. Contemporary computer
scientists are rarely aware of the odd proleptic character of this early period, in
which no one quite knew what the computer would become; instead, they often
tell just-so stories of the origins of their subfields: artificial intelligence, com-
plexity, algorithms and data structures, formal language/automata theory, etc.
Aswith the case of cell fusion, one might well ask whether this early period had
any cohesion at all.

One explanation is that this period marked are-orientation of researchers to-
wards logic as samethinghighly plastic ard instrumert-like. Whereaslogic in
mathematics and philosophy prior to WWII was, with few exceptions, an intel-
lectual pursuit implicitly organized around epistemology, or the limits of human
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reason, after WWII, logic branches off, and becomes a distinctly technical affair,
buttressed by inventions like Shannon@® boolean logic of circuits, McCulloch and
Pitts diagrams and modelsof logical netsin a brain, Chomsy@® forma gram-
mars, and Stephen Kleene€formalization of analgebraof regular expressons.
The profusion of literature in this period is only tangentialy relaedto the ap-
pearance of real computing machines; analyzing it reveals that across a stunning
array of disciplines, people were creating new logical instruments, often couched
in one or another disciplinary language and formalism (propositional calculus, an
agebraof recursive funcions semigrouptheory, or new oneslike Chaomsky®
grammars and McCulloch and PittsOnene nets); citation aralysis reveds, at
least, the forms of direct borrowing that occurred, but does not reveal the context
in which ideas about designing circuits started to seem like a good way to
search for paternsin text (regularexpressionsjKelty n.d), or ideas about de-
signing algorithms becamédodderfor defining a formal language of biological
growth (L-Systems) (Kelty andLandecler 2004).

Over time, some of these Qogical instrumentsE have gone from being
theoretical or mathematical research pursuits to core tools in computer science
(asinthe case of compilers, parsers and lexical analyzersin the 1970s); others
have opened up whole new fields of mathematics, as in the case of formal lan-
guage and automata theory; still others, such asthe logical analysis of software
for its verification and model checking (whether it will work and what it
means for it to be QcorrectE), have seen fast growth and surprising failures
along the way (MacKenzie 2001). Many new institutions re-configured them-
selves around these new tools and approaches, including the new computer sci-
ence departments at places like Carnegie Mellon, Stanford, and MIT, but also
sites like Bell Labs and the Stanford Research Institute. Logical instruments,
much more than logic as such, came to be a kind of object that could be
worked on and shared across disciplines, and could be transformed equally
into mathematical formalisms, algorithms and new forms of software and
hardware. The history of modeling in contemporary science may well betied
to the emergence of these new logical forms, visible in this early literature
(Wise 2004). Indeed, it may be that by investigating the surprising ways in
which researchers started to play with, transform, and operationalize logic, one
can come-perhaps ironically-to understand something about the nature of sci-
entific thought itself.

2. HISTORY OF SCIENCE AND THE CMASSOF FACTSE

Both of these cursory storiesare attemps to cometo terms with the vast
sae of postWorld War Il science,technologyand engireeiing; they are at-
tenpts at synthetic accouns of long-term large-s@le changsin thought and
prectice in the 20" century. By contrast, muchwork directedat sdence in this
time period in thefields of sociobgy, historyandanthropolog of scienceand
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technology is conducted on specfic casespeoge ard places. There are mary

casestudies and few synthetic worksto give one ways to stitch together these
case studies into sone larger seng of what has happered, particulady since
World War 11, save by making grandiose generalizations about life, or informa-

tion, or captalism. We sugges heretha this is not only afailing of contempo-

rary analysis, but afeature of the period itself. Thereis, for example no Origin of

the Species for 20" Century biology; there are certainly conceptual and practical

advances with asmuchor moresignificance, but the scde andstructure of 20t

century scienceis such tha a Darwin of the 20" century is notpossible. By ex-

tension, the scale of science in the twentieth century, and into the present, creates
amethodological challenge for historical work not answered by oral history, tra-

ditional archival techniques,or close readng of sdect texts.

How does one fathomthe movementsof science and technology in this pe-
riod? What we propose here is a reconceptualization of historical reading and re-
search practices regarding the published literature produced by twentieth centu-
ry science, technology and engineering, a creative reformation of historical
methods that takes account of a massive change of scale and kind in how scien-
tific knowledge is circulated.Ingead of case studiesor close reading, whatwe
proposeis highly specific empiiical work on the general, through developing a
specific approach to the massive bodies of literature produced in this period, an
approach wethink if as treating The Literature as an informant. This approach is
a deliberate arthropomorphzation of this @odyCes something to be observed
and engaged as something alive with concepts and practices not necessarily
visible through the lens of single actors, institutions or key papers. We lay out the
problem of the literature, and then discuss methodol ogical approaches to work-
ing with it. Although an anthropomorphism might suggest unity, thisis far from
our intention; rather we want to indicate the notion of a complex body of
processes, organs, functions, discourse and complex motives which it is possible
to probe, dissect and experiment upon in a similar manner to the body and
mind of aninformant.

Histarians of sciencehave spentmuchtime in recent yeas elaborating the
history of reading (Blair 2004; Daston 2004; Johns 2000; Secord 2000; Topham
2004) Throughthis work, readng practieshave ememged as esenial to un-
derstanding the reception of scientific texts and the generation of meaning in spe-
cific contexts, and these reading practices have been linked to transformationsin
publishing practices, allowing thereinterpretation, for example, of the Darwin-
ian revolution as Can episode in the industrialization of communication and
transformation of reading audiencesE. (Secord 2000:2), quoted in (Topham
2004437)Much of this excelentwork is partof the histary of the book much
of it hasbeenconductedon sciencein the 19" century or earlier; whathappens
to reading in the age of the ever more standardized journa article and the com-
pute? Wha happenswhena body of literature goes througha transition from
something that one person might read al of, to something far larger than anyone
can digest?What happendo readng and thinking after sucha Cbibliaraphic
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transitionE? Further, with these transformations, what has happened Dor should
happen Bto the reading practices not just of scientists and popular audiences, but
of historiansof scienceandtechnologyaswell?

Common to the cell fusion andcomputersciencestoriesrecounted here is
that they were both derived from a vastexpanseof short papers shaiing in the
process of redefining some pretty fundamental concepts. This literature was
produced in the diverse settingsof mary labsandinstitutions by mary people
and experiments, and it was published in many different technical manuals,
conference proceedings, journals and books Bathough books in latter half of the
twentieth century occupy no place of privilege, giving way to the journal article
as primary vehicle of science communication. One of the primary practical
guandaries in deriving these stories was the basic one of where to look: what to
read and how to read it, what to include and what to leave out, activity conduct-
ed within the double bind of how to determine afield of inquiry before its defi-
nition is even possibke.

To rely on disdplinary or insiitutional boundariesn demacating zones of
close historical attention in this mass of literature is dangerous-at the very least
because the question of the remaking of disciplines is itself one of the core
guestions one might ask, as in the cases of cell fusion or computer science. The
knowledge and practices depicted in The Literature are themselves part and
parcel of a remixing and reformatting of disciplines and scholarly identities
tha will only subsequently map onto the new fields that emege Individud
sdenistswho lived throughthe eventsbeatidiosyncraic routes through ther
times and rarely have a synoptic grasp of the literature they wereimmersed in at
a discrete time point many decades before; as valuable as their perspectives
are, they are extremely pattial narrativesoveraid with assumpgbns about what
eventually proved important, or with what came in the years between event and
interview. Institutional andindividud archivessimilarly provide important but
highly specific and partial insights about institutions and individuals, insights that
are not necessarily additive as parts of awhole. Archiving practices themselves
reinforce these partialities throughthe relianceon basiccatkgories sud as the
archives of persord papes or insftutions,which enhancdindallity even as
they obsare connectonsandstructuresthatmight exist in The Literature as it
livesand breathes.

To answer these challenges, we argue, requires an in-depth engagement
with The Literature. We descibe and objectify this enity in uppecaseinten-
tionally, to underline its existence as more than a bunch of individual worksto be
read; in fact, a defining chalctristic of the Literatureis its volume, a volume
that goes beyond the physical capacities of any individual researcher to read and
whose dynamics are not necessarily visible to any of itsindividual participants.
Anyonewho has typeda set of whatthey thoughtwerespeciic keywordsinto
Medline and gotten 723000 hits anda polite queryaboutnartowing the search
will have a sense of the mind-boggling scale of this entity often referred to asa
ChodyE of literature. Even earlier in the twentieth century, when there were
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fewer scientists and fewer journals, the volume of the literature was huge'. This
does not mean it cannot be systematically studied and interpreted, and we draw
on the fields of cultural anthropology and literary history in delineating a mode
of ethnography of the Literature as one approach to the reimagination of reading
in doing historical work at mass scale. In suggesting a combination of quantita-
tive and interpretative methods, we attempt to sail between the Scylla of citation
indexing and the Charybdisof rhetoric of sdence, with ther repedive macro
and micro approaches to textual sources. If, as we suggest, it isin the Literature
tha concepts and practices move andleave ther traces and that the Literature
hasits own dynamics and forces that are not the same as the individual produc-
tion and consunption of discrek piecesof it, is there a way to quartitatively
graspthesecharges, andyet notabandomreadng and interpretaion?

The problem of studying literature at massive saleis nat exclusive to the
history of science As FrancoMoretti hasobserved of the histoly of the novel,
most scholarsin this field study only a minimal fraction of the literary field of
ary giventime period:

A canon of two hundred novels, for instance, sounds very large for nine-
teenth century Britain, but it is till less than one percent of the novels that were
actually published: twenty to thirty thousand, more, no one really knows Band
close reading won@help here, anovel aday every day of the year would take
century of scE And its nat evena matter of time, but of method: a field this
large camot be undersbod by stitching togeher sepaate bits of knawledge
about individual cases, becauseit isn®a sum of individual cases:it@ a col-
ledive system, that should be graged assud, asawhole (Moretti 2005:4).

In arguing for what he calls Qistant readingE, Moretti asks what would
happen if literary historians took their cue from the transformationsin historical
perspective grounded in the Annales school, and shifted attention from the close
reading of supposedly representative texts D often selected using unclear criteria
of their relative success or enduring nature Bto alonger-term and larger scale of
texts as awhole, over time. In this parallel shift to the AnnalesCzall for shifting
the historical gaze from the extraordinary to the everyday, he asks, Q/\Vheat liter-
aturewould we find, in Ghelarge massof facsOZ(3). Similarly, we may ask,
wha histaries of sa encemlght befoundthere, and how?

1 Thegrowth in volumeof the sdentific literatue over the twenieth cenury caugd particu-
larly marked anxiety at midcentury about the capacity of scientistsOminds or memories to cope with
the scale, and the dreaming of machines such as Vannever Bush®Memex. Citations. Paul Otlet and
the universal encyclopedia HG Wells universal encyclopedia. Older dreams of a system of complete
management of knowledge MM Slaughter and others? Bush@ Memex adds the particular dimension
of Crace<E throuch the literature,like bodk marks or ChitoriesEin a web browser, which could
themselves be objectified and shared as akind of knowledge. Similarity to the literature review, the
guidelook.
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3. BETWEEN CITATION INDEXING AND RHETORIC OF SCIENCE

Moretti® innovation hasbeento bring quanttative method and the visuak
ization devices of graphs, maps and treesto afield traditionally dominated by the
close examination of a small selecton of texts. He arguestha you simply see
different phenomena throughthes methods,thingsthatarenot visible or fath-
omable at the scale of the single work. Genre, for instance, is often approached
by choosinga represntative example. Through work with that example, the
genre is defined asawhole.Moreti questionghis useof thetext as the repre-
sentative object of knowledge for investigating genre in history: CTexts are cer-
tainly the real objects of literature (in the Strand Magazine you don@® find
@luesCor @etective fictioQyou find Sherlock Holmes, or Hilda Wade, or the Ad-
ventures of a Man of Science), but they are not the right objects of knowledge for
literary historyE. (Moretti 200576 original emphasis).

Quantitative visualization of afield of novelsasatreetha represents both
those branches that continue and those that end (borrowed from Darwin® Origin
of Species), by cortrad, visualzesgenreasa Odiersty spe¢rum@a term bor-
rowed from the evolutionary theory of Ernst Mayr). An individual text can nev-
er represent the intemal multiplicity of this spectrummoreorer, the chdce of
representaive texts abandos almog all of the archve, whereasincluding the
field in the tree makes them visible. Qnstead of reiterating the verdict of the mar-
ket, abardoning extinct literatureto the oblivion decred by its initial readers,
these trees take the lost 99 per cent of the archive and reintegrate it into the fab-
ric of literary history, allowing us to finally GeeGtE (Moretti 2005:77)2. Similar
insights apply to the place of little-cited or obscurely published scientific papers,
gray literaure, or techntal manuas in historical anajsis, which are often ig-
nored or simply overlooked because they didn® seem to have a big GmpactE at
the time Bbut §mpactE might not bethe right measuref histaical value. The
Literature is huge enoughthatit containsmultipliciti es;the world of sdentific
publication has its minor and major literatures,which contan staies that no
one®telling, because they can©discernthem.

Borrowing back from an analysis that itself borrows heavily from the histo-
ry and philosophy of sdenceis comgicaed hereby the factthathistory of sck
enceandsdence and technobgy studiesare not nas\e to quaritative study of
sdenific literature a pracice which becane establishedvith the theory and
tools of citation analysis. Unlike novels, scientific papers are explicitly structured
to connect to oneanother primarily throughthe citation, the useof keywords
and the standadizedstructure of formatandorganization.

2 Using quantitative graphical methods you see genres quite differently Das temporary struc-
turesin the historical flow, Gmorphological arrangements that /ast in time, but always only for some
ti meE (14); for atime D25 to 30 yearsin his analysis Bthey function to structure Chormal literatu-
reE (an analogy to normal science), until the form is no longer capable of representing the most sig-
nificant aspects of contemporary redlity (17-18). Cycles of genres, he argues, are exactly the kind of
hiddenthread of literary histary thatcanbe openedoy the quanttative history of literaure.
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Any disaussionof working with The Literature asa whae mustbegin with
thinking about what citation analysisand its more recent quartitative compart
ions can Dand cannotb offer. Citafon aralysis begins with Eugene Garfield®
work on the Science Citation Index in the 1970s (Garfield 1979), and continues
in the 1980s with the growth in ChibliometricsE which saw a brief but intense up-
take in Science Studies Todaythefield of approadesis quite diverse, and the
increasing availability of the scholarlyliterature on the Internet has extended
toals beyond merecitation to includedatamining and meta-data harvesing of
diverse sorts. Indeed, whereas the field of literary analysis has effectively resisted
any large scale application of these quantitative tools to the The Literature, sd-
erce and technology areby contrastwell studied by the fields of bibliomdrics,
informetrics, saentometics andthe analysis of sdence and technology indica-
tors gengdly (BorgmanandFurner2002. While thesefields shareafiliation
with the history of science and science studies broadly, their use in historical or
sacial amalysishasremainedlimited (but cf. Gingras 2009 for arevival).

All of thesequantitative appioachesancreae more and less sophisticated
diagrams of the Literaure. They arenact intended as interpretive tools Inded,
Garfield noted that in contrastto organizaion by keyword or subjectindexing,
CThe citation is a precise, unambiguous representation of a subject that requires
no interpretation ard isimmuneto charges in terminology (Garfield 1979:?)E
For sodal sdentists interesedin following citations, Ctte intrinsic qudities of
ary given statenentk are not of interest,becaise it is the citation itself that is
meaningful. Bibliometric analyses of science in science studies quickly de-
murred, arguing that citationsare in factnot so immune, but can be paositive or
negative, or perhaps indicate something el se entirely. Out of thisrealization, La-
tour generated a complete method (in Science in Action) of analyzing science as
a military contest over the consoidation of a fact, citations being merely one
route to follow as claims proceed from conjecture to certainty to tacit knowledge.
What is Gsocial Ein Latourian technoscience is the collective act of making and
building associations that force acceptance of a statement as fact(L atour 1988).
It wasa point that Garfield alsomade:

What looked best about a citation index was the diversity of theinsightsit
provided about the literature of a particular subject and the efficiency and sta-
bility with which they could be stated. By using author references to index do-
cuments, the limited ability of a subject indexer to make connections between
ideas, concepts, and subjects was replaced by the far superior ability of the en-
tire scientific community to do the same thing. This meant that a citation index
would interpret each of the documents it covered from as many viewpoints as
existed in the scientific communiy (Garfield 1979:9).

Thusit is the index thatinterprets, not the subjed indexer (or, it shoud be
said, the individual scientist). One of the tests that Garfield subjected the SCI to
was a comparison between | saac Asimov® version of the history of the discov-
ery of the hdical structure of DNA andonerecmstrwctedusingcitations:
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The citation analysis did more than just duplicate most of the account that
Asimov had put together from a remakablememory It alsoaddedsomein-
sightsinto what hgppened by identifying 31 relaionships and oneevent tha
Asimov did not mentionE the relationships that a citation analyses shows
among the companerts of a givenbody of work correspondvery well to the
relationships perceved by a scientist of Asimov@ rankEa citation anaysis
can idertify significant relaionshipsand eventsthat even a remakable me-
mory might forget, or that tradti ond techniquesof historical reseach might
miss(Garfield 1979:93).

The citation index not only captureg/vhatone((;remarkbleE) brain coud,
but it was proof for Garfield of the index@ distinctiveness that it could go beyond
an individual human mind or memoy.

Indeed, one of the great insights of citation analysis, and one reason why it is
still useful isthat it allows us to fathom the communal nature of scientific liter-
ature production, the status of science as a collective representation, and it alows
us to fathom this collective representation by means other than individual inter-
pretation or memory. In the contemporary language most commonly employed,
citation andysis permits usto visualize scientifc fieldsasneworks implicit in
citation. By making these networks explicit and visualizing them we can begin to
analyze sdence using the Caipeiior ability of the scientiic communityEto in-
terpret it for us.

Citation Analysis is but onesmadl cornerof anincreasimgly large array of
guantitative tools for analyzing texts, scientific and otherwise. Co-word anaysis,
natural language procesing, andstatistical analysisof texts canbe used to dig
into the strudure of the language Datamining is increasigly useul for ana-
lyzing the contert of texts; the field of bioinformaics, for ingarce, which has
relatively stendardized nomenchture for chromsomesgenesloci, mutaions
and single nucleoctide variations is increasingly incorporated into the laboratory
work of scientists through the use of software that maps a genetic samplein alab
to the relevant literature in databases like PubMed. Other tools allow the analy-
sis of the QandscapekE of patents and papers in scientific fields by drawing
maps of the patent landscape(Aureka). Many of thesetodls are provided by
Thomson-Reuers the current owner of the Citation Index, and range in both
cost and quality depending on the discipline or problem under study. Very few of
these tools are likely to be of any extensive use to historians, given their more or
less exclusive focus on the very recent and the already-digital. However, some of
themmay hold oppotunities for exploration of The Literature in ways that ci-
tation indexing gestures toward. In addition to this, the rise recently of publicly
shared hibliographic sysems (CiteULike, Connotea and Zotero) provides both a
new se of tods for mappng theliterature anda nev modeof attention within
which working scientists themselves come to understand the extent of and con-
nectionsbeween the literaturesthey inhabit.

Of course the great strengthof theseapproachess also their greatshort
coming. Put simply, arethey usefulif oneretainsa comnitmentto interpreta
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tion? In Moretti® discussion of quantitative literary history, discussed above, he
admits that the models he presents Cshare a clear preference for explanation over
interpretation; or perhaps beter, for the explanation of general structuresover
theinterpretation of individual texts (Moretti 200591)E. The point, he says, is
not to produce a new readig of this novel or that, Cout the definition of those
larger patterns thataretheir necesary preconditions (Moretti 200591)E. But
what if there was some middle ground to explore between the single text and the
massof texts?What if oneremainedconmitted to theideathatboth sdentists
ard obsevers of sdencecan make interpretations of better andworse quality,
and that it is only by doing so that one can actually explore the transformation of
meaning and significancein scienceVhatif one wantedto go beyond the ci-
tation to read the papes in the vast networks gereraed by citation analysis?
How should one then read? Are there reading and research practices for the Lit-
erature that combine a kind of topographic exploration of form and precondition,
and the interpretatve skills more traditonally assodated with key papers or
canonical texts?

Tradtiondly, the work of attenion to the working of languagewithin sci-
entific activity has been in the realm of rhetoric of science. Rhetoric of science at
firstglance seemso bethe necessarycomplemer to citation indexing, sinceit
is focused on language. Works in rhetoric of science are in general interested in
the relationship between language and thinking, how the Cstructures and options
avail able in languageEleadto certin prepared lines of thought or amgumert
(Faestack 1999). This hasled to morework than anyone knows whatto do
with on metgphorsin science.

There are both sympathies and tensions between the two tools, since rhetor-
icd andysis is also focusedon agumentard persuasian. The two are alike in
thdr attertion to analyzing how scientfic papers are effective in drawing ard
convincing readers. Unlike citation analysis, however, rhetoric isfirst focused on
individual instances of speech or writing. The choice of paper on which to focus
thetools of rhetorical anaysis is not itself a subject of rhetorical andysis-it is
ustelly pre-determined by other indicatorslike a pgoer@ already established
fame, its centrality in pedagogy, or its exemplariness of some other feature. Itis
the work of rhetorical analysisto identify general structures of persuasive speech
in specific instances. While one can then track patterns of usage across many in-
stances of scientific language, there is no necessary relation between papers. Can
one conducta rhetorical analyss not of a singe pgoer, but of The Literature
more generally? What persuasive or argumentative features obtain at the level of
amass of publications, ratherthanat thelevel of a single one?

Lessformalized than rhebric of scienceas techrique or method in the his-
tory of science and science and technology studies is the practice of close read-
ing. Published literature is extensively treated as Qorimary sourceE material
alongside archival material and read with close attention, the form of that atten-
tion depending on the historian@ interest. The grounds for which literature isin-
cluded in the historian@ catchment area for primary documents are often deter-
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mined by assumed categories of relevance Breading everything a certain author
wrote or laboratory produced, reading the papers commonly agreed upon asin-
fluential for further developmentsin the field Bcanonical works or CEitation clas-
sicsE realing along geneabgiesof pedagogyr menbrship between auhors,
reading landmark referenceworks or textbooksthatwereauthoritative saurces
for large numbers of readers, just to name afew Strategies which go more or less
articulated in science historiangreflectionson their own methods.
Closereadng, like therhetoical andysis of sciencechoosestexts for rea-
sons that do not reflect their inclusion in a literature-they are important be-
cause they are written by a particular author, or are cited most frequently, or are
generally includedin collectionsof Cley papes.EOne cannotCclosereadEten
thousand papers, to be sure, but can onepay asimilar kind of close attentionto
The Literaureassuch?It is to this queston thatwe turnin the final section.

4. THE LIT ERATURE ASINFORMANT

Thus we have three impul ses feeding into an approach to the Literature, but
their interrelation is not self-evident: (1) a commitment to the necessity and pro-
ductivity of doing highly specific empirical work on the general Bworking at the
level of the massof publicaion aswell astheindividualinstance, (2) arevived
interest in the tools of citation analysisand morerecent quantitative tools that
give usinteresting acess to the collective represeratons of large numbers of
scientific contributors, and (3) the insights of rhetoric of science or close reading,
which give ustools of close attention to language and persuasion. This final sec-
tion of the paper is dedicated to a re-imagination of the space between quantifi-
cation and interpretation, at the intersecion of the micro andthe macrmo with
large volumes of scientific publications, an approach we think of as The Litera-
ture as Informant.

One way to undestand this thing, the Literature, is by analogywith the
work of ethnographers. In much of socio-cultural anthropology, the central
strategy of ethnograply is to idenify oneor afew key informarts; theseinfor-
marnts are paticularly valuablenotbecaus®neobseneswhatthey do, or who
they are, but because they them®lveshave a mapof the culture, and an unde-
standing of social norms, rules and processes which the ethnographer can use as
atemplate through which to observe and probe the socia reality around him or
her. Key informants are essentially really good (native) anthropologists, and
this accountsin part for why many in the field now refer to them as consultants
or collaboré&ors.

Typically,in the anthropology or sociologyof sciencepnewould trea the
sdenistor engineer asthe informantfor a givenfield of sciertific or technicd
prectice. But whatwe areproposig is to do thereverse:treat the Literature as
informant This deliberate antiropomorphizatioris intendedto uperd the as-
sunption of people asthe privileged carriersof culture and the autloritative
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maps of that culture. Herewe suggestngea starting with the body of theLit-
erature that through analysis can lead to the scientists, not the scientists to the lit-
erature. Often in ethnographic or historical work there is an assumption that in-
terviews and archives are somehow closer to reality than published papers, and it
is therefore more authentic, or at least more recognizable as research, to have ac-
cessed the experience of the person, or documents not processed for public
consumption. Publishedpapes are, asthey say, secandary sources except for
those select key ones singled out for primary status and close, careful reading. In
our proposal, the body of published Literature is the primary informant and the
interviews and archival material are secadary instancesof the individual pro-
cesdng of thatliterature.

From our own experience,we see(at leag) three speafic modesof ethno-
graphic reading made possible by thisimagination of the Literature as the work
to be engaged. All of these modes are possible with single texts, but take on dif-
ferent dimensions whendoneat scaleand informed by the quartitative tools of
working at the large scale: (1) following narratives of material action, (2) atten-
tion to emplotment, and(3) attention to problematizations.

Narratives of material action. With citation indexing (and data mining more
generally) on the one hand and rhetoric of science on the other, oneis stuck be-
tween a mode of unde'standng the Litergure either as a dynamic, networked
and quantifiable mass phenomenon or as a disconnected but patterned welter of
statements; between amaterialist method in which only the quantifiable citations
or links matter and an idealist method in which it doesn® matter what scientists
are actually doing. Both methods are focused on argumentation. Or to put in the
language of the philosophy of science, both are methods focused on the context
of justification at the expense of the context of discovery (Fagan 2007). The Lit-
erature, however, might actually be more important as part of the latter than the
former. This is most visible in the ways materials and methods sedions be-
come the medium of bothdiscovery ard justification. Thisis especially true of
the life sdences, as Fagan demonsates,when the elalorate setting out of the
methodsin all their glorious and seemimgly impenetrable detail is both a de-
scription of the experiment and an implicit stating of the argument. A particular
configuration of tools, materials, living organisms and inscriptions itself be-
comes a kind of statement in response to other statements of similar form
throughout The Literature. One can think of it on analogy with citation practices:
scientists CtiteE not only other papers, but specific methods and materials for ac-
complishing an expetimentor staking a claim aboutlife. Thus, if oneis inter-
ested in the intrinsic qualities not necessarily of any one paper, but in the intrin-
sic qudities of the corversation happenig amongthem then it is necessay to
obseve The Literaure notasa debatebut asa degction.

In the case of cell fusion, for instance, the Literature can be productively read
for how it depicts human action on matter. For all the attention in history of sci-
ence on the importance of material practices, there remains the inescapable fact
that much pradice is desribedin textual form Bfar from being a paralox, or a
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difficulty, it means thatonecanreadfor practice onecaneven imagine an in-
tellectual history of practice, as practices and their assumptions contain concepts
of how humans should act upon the natural world®. Quantitative tools can be used
to map the movement of techniques carried out under the sign of hybridization,
with citatiorel pattensconparedto othermodesof connectim Bword usage,
co-authorship or co-publication, geographical location, model organism, mater-
ial specimen or experimental system; these tools can also track shiftsin scientific
attention and production. As discussed above, representation of publication
subsds astrees rather than citational lineagescan shawv those things that ap-
peared anddisappeaed,allowing one a senseof whatperistedaswell aswhat
led to other devel opments. These maps can then produce subsets of literaturein
which the materials and methods sections can be closely read, not necessarily for
the content of any one paper, but for the conversation happening between them.
It isimportant to reiterate that it is the concept of working on the Literature as an
entity with its own dynamcsthatgo well beyond simplecitational connection.
The methods and materials sectbnsof thes papersdepictpatems of pradice
that develop and move at a scale beyond individual action, but do not necessar-
ily map onto citation practices. Quantitative methods used in a comparative
manner, are only the beginning, but they are still essential because they alow the
comprehension of movementatscale.

A similar case can be made in the story of computer science, where the Lit-
erature depicts new configuraions of logic andmater; it givesform to logicd
abstractons both in new modes of representation (state diagramsor cellular
automata, for instance) and in new modes of expression (algorithms programmed
in software)-all of which are borrowed or GitedEin asimilar fashion. This act of
depiction, it isworth repeating, is never in just one paper, but in the conversation
among many. In the case of computer science, quantitative methods can identify
patterns in the choice of formalisms, the borrowing of terminology and in some
cases, the type of software and operating systems forming the basis of the work,
but interpretation is necesal to readfor the corversaton, as thesethings are
very rarely explicit in the papers themselves-and often it is the surprising forms
of borrowing that are either not clear (or not systematic) simply in the citational
paternswhich are the mostintereding.

Readingfor the plot. Historical or interpretatve approabes developed for
scientific literatures of the nineteenth century and before do not necessarily be-
come defunct with the rise of the journa article, although it may become harder
and hader for the humanstcally-inclined scholarto seethe nine-pageatticle
CThe Histone H3 Lysine 27-Specific Demethylase Jnjd3 is Required for Neur-
a CommitmentE or CA heurigtic for the Stacker Crane Problem on treeswhich is
almostsurdy exadE asliterary in the sameway asthestill eminenty readale
texts of ThomasHuxley or thewritingsof Pascal.

3 For the phraseCirtellectualhistoly of practiceBve areindetiedto Charis Thompson.

EMPIRIA. Revistade Metodolog'ade CienciasSocales. N.° 18, julio-diciembre, 2009,pp. 173-192.
ISSN: 1139-573



C. KELTY y H. LANDECKER TEN THOUSAND JOURNAL ARTICLES LATER187

However, once we re-imaginethe Literaure asanertity alive with intemal
conversation, with cross-referencing and foreshadowing, with patterns of at-
tertion and elision, cansomeof the approachtesdeveloped with books be pro-
ductively transposed and transformed for use with this differently scaled corpus?
If one takes the collective expression, the mass of literature as Cthe workE to be
analyzed, we might better appreciate a multitude of papers as awork of scientific
obsevation, practice andtheory analogos to the Origin of Soedes i.e. asyn-
thetic work with particular emplotment and narratve structuresvisible in it.
Clearly this deliberate anthropomorphization cannot be approached with the
concept of the individual GauhorE The Literatue in science begins to look
more like a Hollywood studio film, which can nonethelss be read with the tools
of literary andysis.

Gillian Beer, in her groundbreaking work on Darwin, nineteenth century evo-
lutionary narrative in fiction, and scienceand fiction more generaly hasar-
gued that Cfundamental narrative hopes and fears may be renewed and reshaped
by the implications of current scientific theoriesE, and urges readers to look for
them in literary form, not explicit content: Cthese reinterpretations of significant
story may be expressedin the orderingof narative ratherthan dedaring them-
selves in the language of the text (Beer 1996: 185)F*. In fact, she says, they
may be figured in disarrangements of forms of storytelling. Thisinsight goes for
scientific literature as much as for fiction. Reading across a large number of jour-
nal articles for emplotment can give one a better sense of the emergence and dis-
appearance of disciplines, styles of reasoning or collective projects related to na-
tional goalsor th. commercialzation of science.

Attending to problematization. All research articles pose themselves as con-
tributions to problems larger than the article itself. The definition, implicit or ex-
plicit of the problem to which each article is conceived as a (partial) solutionis
perhaps least visible in the citations, since the more accepted certain theoretical
paradigms or modes of work become, the less necessary it isto cite specific cas-
es. Problematization can also an interpretive act on the part of the analyst: 1ook-
ing for waysin which articles array themselves around a particular problem to be
solved in the future, aswell aslooking for waystha articlesreinterpret past
work as aresource for new problems. Thisis particularly clear in the case of the
developmert of computr sciencein the 1950s when mary of themog impor-
tart articlespitchedthemslvesassolutionsto onekind of problem, but were
picked up subsequently as resources for very different problems. McCulloch and
Pitts famous article CA Logical Calculus of Ideas Immanent in Nervous Activi-
tyE is amostillu stratve cae-explicitly posel asanattenpt to modd the struc-
ture of the human brain, it was re-oriented by Von Neuman for the construction
of a computer, by StephenKleenefor the credion of an algebra of reaursive

4 Gillian Beer, CTrarslation or Transformaton?Ein OpenFields: Scierce in Cultural En-
counter, p. 185.
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functions, by the field of QNeural NetsE as a technique for solving problems, and
by cybernetics as an emblem of interdisciplinary creativity. This small scale ex-
ample can be recapitulated at the large scale, asin the case of cell fusion, where
the characterization of this era of cell fusion as a profound rethinking of hybrity
is aproblemaization posedby theanalystto make senseof a body of reseach
othemwiseseen by contermporary scientistsasmerely prologueto genetic eng-
neering or monoclonal antibodies. Reading for problematizations can be under-
stood, perhaps, as a contribution to historical epistemology in an erawhen read-
ing practices, and hence definintions of understanding, must confront the
massive amount of literature being producedin the 20" century.

5. CONCLUSION

These three modes of approaching The Literature could be supplemented by
many others, derived perhaps from questions already clear in the history of sci-
ence. Such an approach can equally be of value in terms of how to find and ap-
proach scientists for interviews. Scientiststoday live inside The Literature. It is
their milieu, their culture, and it iswhat in many ways gives meaning to the de-
tails of what they do. Some scientists have partial and narrow understandings of
The Literaure, and are primarily concernedvith ther small part of it. Others
have amaore synoptic view. Asking scientists for amap of The Literature might
be seenas onekind of interpretation or readingof theliterature as awork. Es-
pecially for more contenporary work, CreadingEnay be more a practice of
checking in with PubCrawler during morning coffee and browsing the abstracts
brought up by a certain setof pre-decidekeywords.

Returning to scientists or engineers with multiple readings of the Literaturein
hand can aso provide a good ethnographic starting point for a conversation, a
probe of the way scientists today see the literature of the past or present, and away
to challenge them on their own interpretations of how their work is emplotted
within changing fields and disciplines, or how it relates to different problemati-
zations. To take yet another example, recent ethnographic and science studies
work on the fields of nanotechnology and synthetic biology could benefit from
careful analysis of the literature in these fields and its reconfigurations in re-
sponse to funding, new challenges or thresats, discourses of risk and responsibility,
or demands for solutions to new problems from clean energy to pharmaceuticals.

At onelevel wha we proposehereis simply a demandfor a historical, or
historicizing version of quantitative research which goes beyond simple models

5 PubCrawler is afree online service that aerts subscribers to new database entries to PubMed
and GenBank that match their research interests. A subscriber enters a set of research interests upon
signing up, and gets a daily message about new additions to these databases that match them. The-
re are many similar automated CalertingE services now available for different databases, news
souces, and disdplines.
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of growth or transition. The Literature contains (necessarily partial) accounts of
whatpeopledid andhow they did it which are repeatedlyre-interpreted by sci
entists, engineers and others who observe it. The Literature can be mined not just
for data, but for narratives of material action, taking the whole mass of The Lit-
erature as Ghe workE to be analyzed. Such an approach necessarily demands in-
terpretive skills: one must delimit the literature in a meaningful way (the field of
cdl fusion cannot be defined only by those paperswhich claim to be about
cdl fusion, and yet it cannotincludeeverything); onemust understand the dif -
ference in concepts, notonly in terminolay (i.e. cellular automaa and cdl fu-
sion have nothing to do with each, or if they do, it must be something more than
theterminology in use);, onemustunderstad not just biographical ard institu-
tional contexts for The Literature, but conceptua and technical contexts aswell.

In short, there isinterpretive work to be done on the mass not only on thein-
dividua level. We have no Origin of Species for the 20™ century, but with the in-
sight of citation indexing anda feeing for interpretation, one can beter appre-
ciate amultitude of papersin The Literature as an analogous work of biological
obsevation, pradice andtheory

The work of aralysis in the two stories that open this paper is impossilde
without the insights of citation indexing becawse it demands an approachto
the literature as awork of collective representation. Similarly, rhetorical analysis
isuseful in understanding some aspects of the articulation of this new hybridity
sweh as its relationship to moretraditioral sexual breading. However, an an-
thropology of science, or a history of science, that aims beyond the case study
demands a different relationship to the literature than these two tools provide by
themsehes. An ethnographic sensbility for the literature allows interpretation
badk into the space openedby citation indexing, and adds an awarenessof ma-
terial practice to analysis afforded by rhetoric of science. It gives new meaning to
the idea of sitting down with the literature, situating individual scientists as
seconday saurcesas,alongsde the ethnarapher, they too processthe massof
literaturethat formstherr intellectualandpradical ervironment.
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RESUMEN

El art’culo exploralas dificultades que, paralahistoria de lacienciay latec-
nolog’'adel siglo XX, supone lalectura de un gran noenero de art’ culos cient’fi-
cos. Seargumenta quehay tensi—rentredos estategias distintas la lectura en
detalle de los art’culos clave y el antlsis de citadonesy otros mzodos auto-
miticos de rastrear |aliteratura El desaf’o que supone aternar estos dos mzodos
y la necesidad de mantener una aproximaci—h interpretativa cuando nos en-
frentamos a una extensa literatura (miles o decenas de miles de art’culos) pueden
ser abordados aproximindonos alaliteratura cient’ficacomo s de un informante
setratara en el sentido antropol—giccCaracterizamos a la literaura cientfica
como capaz de describir el cambio en los conceptosy en las pricticas cient’ficas
y tZcnicas. El art’culo explora esta estrategiay propone centrarse en asuntos ta-
lescomo los materialesy mZtodod(y laspricticasque conllevan), as’como en
losproblemasalosqueZgoscontibuyeno intertan solucionar.

PALAB RAS CLAVE

Histaria, ciencia del siglo XX, metdolog'a, andlisis de citaci—nret—ica
cient’fica interpretaci—n.

ABSTRACT

This paper explores the difficulties of reading large numbers of scientific pa-
pers when doing the history of 20th certury scienceand techndogy. It argues
tha thereis atension betweentwo modes: tha of closereading of key papers
ard that of citation amalysis andother auomated modesof mapping the litera-
ture. The challenge charting between the two and of maintaining an interpretive
approach when confronted with alarge body of literature (thousands, or tens of
thousandsof papers) canbe metby appoachingThe Literature as akind of in-
formant in the arthropological serse.We characerize the literature here as so-
mething which can depict the movement of scientific and technical concepts and
prectices. The paper exploresthis apprach and suggest ways to tradk sud
things as materials and methods sections, the mode of emplotment they employ
ard the probdemetizationsthey proposeor paticipate in.

KEYWORDS

Histary, 20th century science methodolog, citation aralysis rhetoric of
sdence, interpretation.
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