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1. FIRST, TWO STORIES

1. A subfield of biology emergedin the1960scalled cell fusion. As with
many developments in post-World War II sciences,the literature of cell fusion
was bewildering for many reasons,not least becauseof its sheer volume Ðthis
work wasbeing done in hundredsof laboratories, generating thousandsof pub-
lications. Early papers on microinjection and nuclear transplantation were
groupedunder cell fusion eventhoughthey didnÕt necessarily have much to do
with oneanother nor did they cite eachother, even when included in the same
volumeof collected papers. Thenew cellular formscreatedby fusionled to an
explosion of new words to describe them, making it difficult to determinewhen
peoplewere talking aboutthesamething referredto by different terms.

In addition, thereweremany paperscited anddiscussed in cell fusion li ter-
ature that did not really involve fusingcells, which made it hard to determine
what lay within the field of inquiry. While cell fusion seemed to clearly fore-
shadow the ideasand practicesof both cloning and making transgenic organ-
isms, therewereno clear causal links to tracegenealogical lineswith. Scientists
interviewed decades later had little to say about thiswork other than how quick-
ly it wasreplaced by genetic engineering, or how it led to monoclonal antibodies,
a useful biotechnical tool. Many youngerscientistsdid not evenknow about it.
You might even ask why it seemedto have any coherenceat all, much less one
that mightnecessitatehistorical 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 gametheory, to linguisticsand cognitivescience. Someresearch projects that
would seem to be in obviousconversation with oneanother (such as thework on
automatic machine translation and thework in linguistics inaugurated by Chom-
sky) employed different methods and theories; other work created surprising
connections. Michael Mahoney (Mahoney 2002) hasdiagrammed someof these
surprises that organized the seeming chaos of computer science before roughly
1965. Aswith cell fusion, an explosion of new wordsand new claimsemerged in
thesedisciplines, and many paperspublished in, for instance, theCommunications
of the Association of Computing Machinery or Annals of Mathematics seemed to
beabout 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 thecaseof cell fusion, onemight well ask whether thisearly period had
any cohesion at all.

Oneexplanation is that thisperiod marked are-orientation of researchers to-
wards logic as somethinghighly plastic and instrument-like. Whereaslogic in
mathematicsand philosophy prior to WWII was, with few exceptions, an intel-
lectual pursuit implicitly organized around epistemology, or the limitsof human
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reason, after WWII, logic branchesoff, and becomesadistinctly technical affair,
buttressed by inventions likeShannonÕsboolean logic of circuits, McCulloch and
Pitts diagrams and modelsof logical netsin a brain,ChomskyÕs formal gram-
mars,and Stephen KleeneÕs formalization of analgebraof regular expressions.
The profusion of literature in this period is only tangentially related to the ap-
pearanceof real computing machines; analyzing it reveals that acrossastunning
array of disciplines, peoplewerecreating new logical instruments, often couched
in oneor another disciplinary languageand formalism (propositional calculus, an
algebra of recursive functions, semi-grouptheory, or new ones like ChomskyÕs
grammars and McCulloch and PittsÕnerve nets);citation analysis reveals, at
least, the formsof direct borrowing that occurred, but doesnot reveal thecontext
in which ideas about designing circuits started to seem like a good way to
search for patternsin text (regularexpressions)(Kelty n.d.), or ideas about de-
signing algorithms becamefodderfor defining a formal languageof biological
growth (L-Systems) (Kelty andLandecker2004).

Over time, some of these Çlogical instrumentsÈ have gone from being
theoretical or mathematical research pursuits to core tools in computer science
(as in the case of compilers, parsers and lexical analyzers in 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 as the logical analysis of software
for its verification and model checking (whether it will work and what it
means for it to be ÇcorrectÈ), 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 be tied
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. HI STORY OF SCIENCE AND THE ÇMASSOF FACTSÈ

Both of thesecursory storiesare attempts to cometo terms with the vast
scale of postWorld War II science,technologyandengineering; they are at-
tempts at synthetic accounts of long-term, large-scale changesin thought and
practice in the 20th century. By contrast, muchwork directedat science in this
timeperiod in thefieldsof sociology, historyandanthropology of scienceand
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technology is conductedon specific cases, people and places. There are many
casestudiesand few synthetic works to give one ways to stitch together these
case studies into some larger sense of what has happened, particularly since
World War II, saveby making grandiosegeneralizationsabout life, or informa-
tion, or capitalism. We suggest herethat this is not only a failing of contempo-
rary analysis, but a featureof theperiod itself. There is, for exampleno Origin of
theSpecies for 20th Century biology; therearecertainly conceptual and practical
advances with asmuchor moresignificance,but the scale andstructure of 20th

century science issuch that aDarwin of the20th century isnotpossible. By ex-
tension, thescaleof science in the twentieth century, and into thepresent, creates
amethodological challenge for historical work not answered by oral history, tra-
ditionalarchival techniques,or close reading of select texts.

How does one fathomthe movementsof scienceand technology in this pe-
riod?What weproposehere isa reconceptualization of historical reading and re-
search practices regarding thepublished literatureproduced by twentieth centu-
ry science, technology and engineering, a creative reformation of historical
methods that takesaccount of amassivechangeof scaleand kind in how scien-
tific knowledge is circulated.Insteadof case studiesor close reading,whatwe
proposeis highly specific empirical work on thegeneral, through developing a
specific approach to themassivebodiesof literatureproduced in thisperiod, an
approach wethink if as treating TheLiteratureasan informant. Thisapproach is
a deliberateanthropomorphization of this ÔbodyÕas something to be observed
and engaged as something alive with concepts and practices not necessarily
visible through the lensof singleactors, institutionsor key papers. Welay out the
problem of the literature, and then discussmethodological approaches to work-
ing with it. Although an anthropomorphism might suggest unity, this is far from
our intention; rather we want to indicate the notion of a complex body of
processes, organs, functions, discourseand complex motiveswhich it ispossible
to probe, dissect and experiment upon in a similar manner to the body and
mind of aninformant.

Historians of sciencehave spentmuchtime in recent years elaborating the
history of reading (Blair 2004; Daston 2004; Johns2000; Secord 2000; Topham
2004). Through this work, reading practiceshave emerged as essential to un-
derstanding thereception of scientific textsand thegeneration of meaning in spe-
cific contexts, and thesereading practiceshavebeen linked to transformations in
publishingpractices, allowing thereinterpretation, for example, of theDarwin-
ian revolution as Çan episode in the industrialization of communication and
transformation of reading audiencesÈ. (Secord 2000:2), quoted in (Topham
2004:437)Much of this excellent work is partof the history of the book, much
of it hasbeenconductedon sciencein the19th century or earlier; whathappens
to reading in theageof theever morestandardized journal articleand thecom-
puter? What happenswhena bodyof literature goes througha transition from
something that oneperson might read all of, to something far larger than anyone
can digest?What happensto reading and thinking after sucha Çbibliographic
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transitionÈ?Further, with these transformations, what hashappened Ðor should
happen Ðto thereading practicesnot just of scientistsand popular audiences, but
of historiansof scienceandtechnologyaswell?

Common to the cell fusion andcomputersciencestoriesrecountedhere is
that they were both derived from a vastexpanseof short papers sharing in the
process of redefining some pretty fundamental concepts. This literature was
produced in the diverse settingsof many labsandinstitutions, by many people
and experiments, and it was published in many different technical manuals,
conferenceproceedings, journalsand booksÐalthough books in latter half of the
twentieth century occupy no placeof privilege, giving way to the journal article
as primary vehicle of science communication. One of the primary practical
quandaries in deriving thesestorieswas thebasic oneof where to look: what to
read and how to read it, what to includeand what to leaveout, activity conduct-
ed within thedoublebind of how to determinea field of inquiry before itsdefi-
nition iseven possible.

To rely on disciplinary or institutionalboundariesin demarcating zonesof
closehistorical attention in thismassof literature isdangerous-at thevery least
because the question of the remaking of disciplines is itself one of the core
questionsonemight ask, as in thecasesof 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
that will only subsequently map onto the new fields that emerge. Individual
scientistswho lived throughthe eventsbeatidiosyncratic routes through their
timesand rarely haveasynoptic grasp of the literature they were immersed in at
a discrete time point many decades before; as valuable as their perspectives
are, they are extremely partial narrativesoverlaid with assumptions about what
eventually proved important, or with what came in theyearsbetween event and
interview. Institutional andindividual archivessimilarly provide important but
highly specific and partial insightsabout institutionsand individuals, insights that
arenot necessarily additiveaspartsof awhole. Archiving practices themselves
reinforce thesepartialities throughtherelianceon basiccategories such as the
archives of personal papers or institutions,which enhancefindability even as
they obscureconnectionsandstructuresthatmight exist in TheLiterature as it
livesandbreathes.

To answer these challenges, we argue, requires an in-depth engagement
with The Literature. We describe andobjectify this entity in uppercaseinten-
tionally, to underline itsexistenceasmore than abunch of individual works to be
read; in fact, a defining characteristic of theLiterature is its volume, a volume
that goesbeyond thephysical capacitiesof any individual researcher to read and
whosedynamicsarenot necessarily visible to any of its individual participants.
Anyonewho has typeda set of what they thoughtwerespecific keywordsinto
Medline and gotten 723,000hits anda polite queryaboutnarrowing the search
will haveasenseof themind-boggling scaleof thisentity often referred to asa
ÇbodyÈ of literature. Even earlier in the twentieth century, when there were
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fewer scientistsand fewer journals, thevolumeof the literaturewashuge1.This
doesnot mean it cannot besystematically studied and interpreted, and wedraw
on the fieldsof cultural anthropology and literary history in delineating amode
of ethnography of theLiteratureasoneapproach to the reimagination of reading
in doing historical work at massscale. In suggesting acombination of quantita-
tiveand interpretativemethods, weattempt to sail between theScyllaof citation
indexing and the Charybdisof rhetoric of science,with their respective macro
and micro approaches to textual sources. If, aswesuggest, it is in theLiterature
that conceptsand practices move andleave their traces, and that theLiterature
has itsown dynamicsand forces that arenot thesameas the individual produc-
tion and consumption of discrete piecesof it, is there a way to quantitatively
graspthesechanges,andyetnotabandonreading and interpretation?

The problem of studying literature at massive scale is not exclusive to the
history of science. As FrancoMoretti hasobservedof thehistory of the novel,
most scholars in this field study only a minimal fraction of the li terary field of
any giventimeperiod:

A canon of two hundred novels, for instance, sounds very large for nine-
teenth century Britain, but it isstill less than onepercent of thenovels that were
actually published: twenty to thirty thousand, more, no onereally knowsÐand
close reading wonÕt help here, anovel aday every day of theyear would take
century of soÉ And its not evena matter of time, but of method:a field this
largecannot beunderstood by stitching together separatebits of knowledge
about individual cases, becauseit isnÕt a sum of individual cases:itÕs a col-
lectivesystem, that should begrasped assuch, asawhole. (Moretti 2005:4).

In arguing for what he calls Çdistant readingÈ, Moretti asks what would
happen if literary historians took their cue from the transformations in historical
perspectivegrounded in theAnnalesschool, and shifted attention from theclose
reading of supposedly representative textsÐoften selected using unclear criteria
of their relativesuccessor enduring natureÐto a longer-term and larger scaleof
texts asawhole, over time. In this parallel shift to theAnnalesÕcall for shifting
thehistorical gaze from theextraordinary to theeveryday, heasks, ÇWhat liter-
aturewould we find, in Ôthe largemassof factsÕÈ? (3). Similarly, we may ask,
what historiesof sciencemight befoundthere,andhow?

1 Thegrowth in volumeof thescientific li terature over the twentieth century causedparticu-
larly marked anxiety at midcentury about thecapacity of scientistsÕmindsor memories to copewith
thescale, and thedreaming of machinessuch asVannever BushÕsMemex. Citations. Paul Otlet and
theuniversal encyclopedia. HG Wellsuniversal encyclopedia. Older dreamsof asystem of complete
management of knowledgeMM Slaughter and others?BushÕsMemex adds theparticular dimension
of ÇtracesÈ through the literature,like book marks or ÇhistoriesÈin a webbrowser, which could
themselvesbeobjectified and shared asakind of knowledge. Similarity to the literature review, the
guidebook.
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3. BETWEEN CITATI ON INDEXING AND RHETORIC OF SCIENCE

MorettiÕs innovation hasbeento bring quantitative methods and thevisual-
ization devicesof graphs, mapsand trees to a field traditionally dominated by the
close examination of a small selection of texts. He arguesthat you simply see
different phenomena throughthese methods,thingsthatarenot visible or fath-
omableat thescaleof thesinglework. Genre, for instance, isoften approached
by choosinga representative example.Through work with that example, the
genre is defined asa whole.Moretti questionsthis useof thetext as the repre-
sentativeobject of knowledge for investigating genre in history: ÇTextsarecer-
tainly the real objects of literature (in the Strand Magazine you donÕt find
ÔcluesÕor Ôdetective fictioÕ, you find Sherlock Holmes, or Hilda Wade, or theAd-
ventures of a Man of Science), but they arenot the right objects of knowledge for
literary historyÈ. (Moretti 2005:76original emphasis).

Quantitative visualization of a field of novelsasa treethat represents both
thosebranches that continueand those that end (borrowed from DarwinÕsOrigin
of Species), by contrast, visualizesgenreasa Ôdiversity spectrumÕ(a term bor-
rowed from theevolutionary theory of Ernst Mayr). An individual text can nev-
er represent the internal multiplicity of this spectrum;moreover, the choice of
representative texts abandons almost all of the archive, whereasincluding the
field in the treemakes them visible. ÇInstead of reiterating theverdict of themar-
ket, abandoning extinct li teratureto theoblivion decreed by its initial readers,
these trees take the lost 99 per cent of thearchiveand reintegrate it into the fab-
ric of literary history, allowing us to finally ÔseeÕitÈ(Moretti 2005:77)2. Similar
insightsapply to theplaceof little-cited or obscurely published scientific papers,
gray li terature, or technical manuals in historical analysis,which are often ig-
nored or simply overlooked because they didnÕt seem to haveabig ÇimpactÈat
the time Ðbut ÇimpactÈmight not betheright measureof historical value.The
Li terature is huge enoughthat it containsmultipliciti es;theworld of scientif ic
publication has its minor andmajor literatures,which contain stories that no
oneÕs tell ing, because they canÕt discernthem.

Borrowing back from an analysis that itself borrowsheavily from thehisto-
ry and philosophy of scienceis complicated hereby the factthathistoryof sci-
enceandscience and technology studiesarenot na•ve to quantitative study of
scientific literature, a practice which became establishedwith the theory and
toolsof citation analysis. Unlikenovels, scientific papersareexplicitly structured
to connect to oneanother, primarily throughthecitation, theuseof keywords
and thestandardizedstructureof formatandorganization.

2 Using quantitativegraphical methodsyou see genres quitedifferently Ðas temporary struc-
tures in thehistorical flow, Çmorphological arrangements that last in time, but alwaysonly for some
timeÈ(14); for a timeÐ25 to 30 years in hisanalysisÐthey function to structureÇnormal literatu-
reÈ(an analogy to normal science), until the form isno longer capableof representing themost sig-
nificant aspectsof contemporary reality (17-18). Cyclesof genres, heargues, areexactly thekind of
hiddenthreadof literaryhistory thatcanbeopenedby thequantitativehistory of literature.
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Any discussionof working with TheLiterature asa whole mustbegin with
thinking about what citation analysisand its more recent quantitative compan-
ions can Ðand cannotÐoffer. Citation analysisbegins with EugeneGarfieldÕs
work on theScienceCitation Index in the1970s (Garfield 1979), and continues
in the1980swith thegrowth in ÇbibliometricsÈwhich saw abrief but intenseup-
take in Science Studies. Todaythefield of approaches is quite diverse,and the
increasing availabili ty of the scholarlyliterature on the Internet has extended
tools beyond merecitation to includedatamining and meta-data harvesting of
diversesorts. Indeed, whereas the field of literary analysishaseffectively resisted
any largescaleapplicationof thesequantitative tools to theTheLiterature, sci-
ence and technology areby contrastwell studied by the fields of bibliometrics,
informetrics,scientometrics andtheanalysisof science and technology indica-
tors generally (BorgmanandFurner2002). While thesefieldssharea filiation
with thehistory of scienceand sciencestudiesbroadly, their use in historical or
social analysishasremainedlimited(but cf. Gingras 2009 for a revival).

All of thesequantitative approachescancreate more and less sophisticated
diagrams of theLi terature.They arenot intendedas interpretive tools. Indeed,
Garfield noted that in contrastto organization by keyword or subject indexing,
ÇThecitation isaprecise, unambiguous representation of asubject that requires
no interpretation and is immuneto changes in terminology (Garfield 1979:?)È.
For social scientists interestedin following citations, Çthe intrinsic qualities of
any givenstatementÈarenot of interest,because it is thecitation itself that is
meaningful. Bibliometric analyses of science in science studies quickly de-
murred, arguing that citationsare in factnot so immune,but canbe positive or
negative, or perhaps indicatesomething elseentirely. Out of this realization, La-
tour generated acompletemethod (in Science in Action) of analyzing scienceas
a military contest over the consolidation of a fact, citations being merely one
route to follow asclaimsproceed from conjecture to certainty to tacit knowledge.
What isÇsocialÈin Latourian technoscience is thecollectiveact of making and
building associations that forceacceptanceof astatement as fact(Latour 1988).
It wasapoint that Garfieldalsomade:

What looked best about acitation index was thediversity of the insights it
provided about the literatureof aparticular subject and theefficiency and sta-
bility with which they could bestated. By using author references to index do-
cuments, the limited ability of asubject indexer to makeconnectionsbetween
ideas, concepts, and subjectswasreplaced by the far superior ability of theen-
tirescientific community to do thesamething. Thismeant that acitation index
would interpret each of thedocuments it covered from asmany viewpointsas
existed in thescientific community (Garfield 1979:9).

Thus it is the index that interprets, not thesubject indexer (or, it should be
said, the individual scientist). Oneof the tests that Garfield subjected theSCI to
wasacomparison between Isaac AsimovÕsversion of thehistory of thediscov-
ery of thehelical structureof DNA andonereconstructedusingcitations:
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Thecitation analysisdid more than just duplicatemost of theaccount that
Asimov hadput together from a remarkablememory. It alsoaddedsomein-
sights into what happened by identifying 31 relationshipsand oneevent that
Asimov did not mentionÉ the relationships that a citation analyses shows
among the components of a givenbodyof work correspondvery well to the
relationships perceived by a scientist of AsimovÕs rankÉa citation analysis
can identify signif icant relationshipsandeventsthatevena remarkableme-
mory might forget, or that traditional techniquesof historical research might
miss(Garfield 1979:93).

The citation index not only capturedwhatone(ÇremarkableÈ)brain could,
but it wasproof for Garfield of the indexÕsdistinctiveness that it could go beyond
an individual human mind or memory.

Indeed, oneof thegreat insightsof citation analysis, and onereason why it is
still useful is that it allowsus to fathom thecommunal natureof scientific liter-
atureproduction, thestatusof scienceasacollective representation, and it allows
us to fathom thiscollective representation by meansother than individual inter-
pretation or memory. In thecontemporary languagemost commonly employed,
citation analysispermits usto visualizescientific fieldsasnetworks implicit in
citation. By making thesenetworksexplicit and visualizing them wecan begin to
analyzescience using theÇsuperior ability of thescientific communityÈto in-
terpret it for us.

Citation Analysis is but onesmall cornerof an increasingly large array of
quantitative tools for analyzing texts, scientific and otherwise. Co-word analysis,
natural language processing,andstatistical analysisof texts canbeused to dig
into the structure of the language.Datamining is increasingly useful for ana-
lyzing thecontent of texts; the field of bioinformatics, for instance, which has
relatively standardizednomenclature for chromosomes,genes, loci, mutations
and singlenucleotidevariations is increasingly incorporated into the laboratory
work of scientists through theuseof software that mapsagenetic sample in a lab
to the relevant literature in databases likePubMed. Other toolsallow theanaly-
sis of the ÇlandscapeÈ of patents and papers in scientific fields by drawing
maps of the patent landscape(Aureka).Many of thesetools are provided by
Thomson-Reuters, the current owner of the Citation Index, and range in both
cost and quality depending on thedisciplineor problem under study. Very few of
these toolsare likely to beof any extensiveuse to historians, given their moreor
lessexclusive focuson thevery recent and thealready-digital. However, someof
themmay hold opportunities for exploration of TheLiterature in ways thatci-
tation indexing gestures toward. In addition to this, the rise recently of publicly
shared bibliographic sysems(CiteULike, Connoteaand Zotero) providesboth a
new set of tools for mapping theli terature,anda new modeof attention within
which working scientists themselvescome to understand theextent of and con-
nectionsbetween the literaturesthey inhabit.

Of course, the great strengthof theseapproachesis also their greatshort-
coming. Put simply, arethey usefulif oneretainsa commitment to interpreta-
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tion? In MorettiÕsdiscussion of quantitative literary history, discussed above, he
admits that themodelshepresentsÇshareaclear preference for explanation over
interpretation; or perhaps,better, for the explanation of general structuresover
theinterpretation of individual texts (Moretti 2005:91)È.Thepoint, hesays, is
not to producea new reading of this novel or that, Çbut thedefinition of those
larger patterns that aretheir necessarypreconditions (Moretti 2005:91)È. But
what if therewassomemiddleground to explorebetween thesingle text and the
massof texts?What if oneremainedcommitted to theideathatboth scientists
and observers of sciencecanmake interpretations, of better andworse quality,
and that it isonly by doing so that onecan actually explore the transformation of
meaning and signif icancein science?What if one wantedto go beyond the ci-
tation to read the papers in the vast networks generated by citation analysis?
How should one then read?Are there reading and research practices for theLit-
erature that combineakind of topographic exploration of form and precondition,
and the interpretative skills more traditionally associated with key papers or
canonical texts?

Traditionally, the work of attention to the working of languagewithin sci-
entific activity hasbeen in therealm of rhetoric of science. Rhetoric of scienceat
first glanceseemsto bethenecessarycomplement to citation indexing, sinceit
is focused on language. Works in rhetoric of scienceare in general interested in
the relationship between languageand thinking, how theÇstructuresand options
available in languageÈleadto certain prepared lines of thought or argument
(Fahnestock 1999). This hasled to morework than anyone knows what to do
with onmetaphors in science.

Thereareboth sympathiesand tensionsbetween the two tools, since rhetor-
ical analysis is also focusedon argumentand persuasion. The two are alike in
their attention to analyzing how scientific papers are effective in drawing and
convincing readers. Unlikecitation analysis, however, rhetoric is first focused on
individual instancesof speech or writing. Thechoiceof paper on which to focus
the toolsof rhetorical analysis is not itself a subject of rhetorical analysis-it is
usually pre-determined by other indicatorslike a paperÕs already established
fame, itscentrality in pedagogy, or itsexemplarinessof someother feature. It is
thework of rhetorical analysis to identify general structuresof persuasivespeech
in specific instances. Whileonecan then track patternsof usageacrossmany in-
stancesof scientific language, there isno necessary relation between papers. Can
oneconducta rhetorical analysis not of a single paper, but of The Literature
moregenerally?What persuasiveor argumentative featuresobtain at the level of
amassof publications,ratherthanat thelevel of asingleone?

Lessformalized than rhetoric of scienceas technique or method in the his-
tory of scienceand scienceand technology studies is thepracticeof close read-
ing. Published literature is extensively treated as Çprimary sourceÈ material
alongsidearchival material and read with closeattention, the form of that atten-
tion depending on thehistorianÕs interest. Thegrounds for which literature is in-
cluded in thehistorianÕscatchment area for primary documentsareoften deter-
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mined by assumed categoriesof relevanceÐreading everything acertain author
wroteor laboratory produced, reading thepaperscommonly agreed upon as in-
fluential for further developments in the field Ðcanonical worksor Çcitation clas-
sicsÈ, reading along genealogiesof pedagogyor mentorship betweenauthors,
reading landmark referenceworks or textbooksthatwereauthoritative sources
for largenumbersof readers, just to nameafew strategieswhich go moreor less
articulated in sciencehistoriansÕreflectionson their own methods.

Closereading, like therhetorical analysisof science,choosestexts for rea-
sons that do not reflect their inclusion in a literature-they are important be-
cause they arewritten by aparticular author, or arecited most frequently, or are
generally includedin collectionsof Çkey papers.ÈOnecannotÇclosereadÈten
thousandpapers, to besure, but can onepay asimilar kindof closeattention to
TheLiteratureassuch?It is to thisquestion thatwe turn in thefinal section.

4. THE LIT ERATURE AS INFORMA NT

Thuswehave three impulses feeding into an approach to theLiterature, but
their interrelation isnot self-evident: (1) acommitment to thenecessity and pro-
ductivity of doing highly specific empirical work on thegeneral Ðworking at the
level of the massof publication aswell astheindividualinstance, (2) a revived
interest in the tools of citation analysisandmorerecentquantitative tools that
give us interesting access to thecollective representationsof largenumbers of
scientific contributors, and (3) the insightsof rhetoric of scienceor closereading,
which giveus toolsof closeattention to languageand persuasion. This final sec-
tion of thepaper isdedicated to a re-imagination of thespacebetween quantifi-
cation and interpretation, at the intersection of the micro andthe macro with
largevolumesof scientific publications, an approach we think of asTheLitera-
tureas Informant.

One way to understand this thing, the Literature, is by analogywith the
work of ethnographers. In much of socio-cultural anthropology, the central
strategy of ethnography is to identify oneor a few key informants; theseinfor-
mants are particularly valuablenot becauseoneobserveswhatthey do,or who
they are,but because they themselveshave a mapof theculture,and an under-
standing of social norms, rulesand processeswhich theethnographer can useas
a template through which to observeand probe thesocial reality around him or
her. Key informants are essentially really good (native) anthropologists, and
thisaccounts in part for why many in the field now refer to them asconsultants
or collaborators.

Typically,in the anthropology or sociologyof science,onewould treat the
scientist or engineer astheinformantfor a givenfield of scientif ic or technical
practice.But whatwe areproposing is to do thereverse:treat the Literature as
informant. This deliberateanthropomorphizationis intendedto upend the as-
sumption of people as the privilegedcarriersof culture and the authoritative
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maps of that culture. Herewe suggestinstead starting with the body of theLit -
erature that through analysiscan lead to thescientists, not thescientists to the lit-
erature. Often in ethnographic or historical work there isan assumption that in-
terviewsand archivesaresomehow closer to reality than published papers, and it
is thereforemoreauthentic, or at least morerecognizableas research, to haveac-
cessed the experience of the person, or documents not processed for public
consumption. Publishedpapers are, asthey say, secondary sources, except for
thoseselect key onessingled out for primary statusand close, careful reading. In
our proposal, thebody of published Literature is theprimary informant and the
interviews and archival material are secondary instancesof the individual pro-
cessing of that literature.

From our own experience,we see(at least) three specif ic modesof ethno-
graphic reading madepossibleby this imagination of theLiteratureas thework
to beengaged. All of thesemodesarepossiblewith single texts, but takeon dif-
ferent dimensions whendoneat scaleand informedby thequantitative tools of
working at the largescale: (1) following narrativesof material action, (2) atten-
tion to emplotment, and(3) attention to problematizations.

Narrativesof material action. With citation indexing (and datamining more
generally) on theonehand and rhetoric of scienceon theother, one isstuck be-
tweena modeof understanding theLiterature either as a dynamic, networked
and quantifiablemassphenomenon or asadisconnected but patterned welter of
statements; between amaterialist method in which only thequantifiablecitations
or linksmatter and an idealist method in which it doesnÕt matter what scientists
areactually doing. Both methodsare focused on argumentation. Or to put in the
languageof thephilosophy of science, both aremethods focused on thecontext
of justification at theexpenseof thecontext of discovery (Fagan 2007). TheLit-
erature, however, might actually bemore important aspart of the latter than the
former. This is most visible in the ways materials and methods sections be-
come the medium of bothdiscovery and justif ication. This is especially true of
the life sciences, asFagan demonstates,when the elaboratesetting out of the
methods in all their glorious andseemingly impenetrable detail is both a de-
scription of theexperiment and an implicit stating of theargument. 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 TheLiterature. Onecan think of it on analogy with citation practices:
scientistsÇciteÈnot only other papers, but specific methodsand materials for ac-
complishing anexperimentor staking a claim about life. Thus, if oneis inter-
ested in the intrinsic qualitiesnot necessarily of any onepaper, but in the intrin-
sic qualities of the conversation happening amongthem, then it is necessary to
observeTheLi teraturenotasadebatebut asadepiction.

In thecaseof cell fusion, for instance, theLiteraturecan beproductively read
for how it depictshuman action on matter. For all theattention in history of sci-
enceon the importanceof material practices, there remains the inescapable fact
that much practice isdescribedin textual form Ðfar frombeing aparadox,or a
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difficulty, it means thatonecanreadfor practice; onecaneven imagine an in-
tellectual history of practice, aspracticesand their assumptionscontain concepts
of how humansshould act upon thenatural world3.Quantitative toolscan beused
to map themovement of techniquescarried out under thesign of hybridization,
with citational patternscomparedto othermodesof connection Ðword usage,
co-authorship or co-publication, geographical location, model organism, mater-
ial specimen or experimental system; these toolscan also track shifts in scientific
attention and production. As discussed above, representation of publication
subsets astrees rather thancitational lineagescanshow those things that ap-
peared anddisappeared,allowing onea senseof whatperishedaswell aswhat
led to other developments. Thesemapscan then producesubsetsof literature in
which thematerialsand methodssectionscan beclosely read, not necessarily for
thecontent of any onepaper, but for theconversation happening between them.
It is important to reiterate that it is theconcept of working on theLiteratureasan
entity with its own dynamicsthatgo well beyondsimplecitational connection.
The methods and materials sectionsof these papersdepictpatterns of practice
that develop and moveat ascalebeyond individual action, but do not necessar-
ily map onto citation practices. Quantitative methods used in a comparative
manner, areonly thebeginning, but they arestill essential because they allow the
comprehension of movementat scale.

A similar casecan bemade in thestory of computer science, where theLit-
erature depictsnew configurationsof logic andmatter; it givesform to logical
abstractions both in new modes of representation (state diagramsor cellular
automata, for instance) and in new modesof expression (algorithmsprogrammed
in software)-all of which areborrowed or ÇcitedÈin asimilar fashion. Thisact of
depiction, it isworth repeating, isnever in just onepaper, but in theconversation
among many. In thecaseof computer science, quantitativemethodscan identify
patterns in thechoiceof formalisms, theborrowing of terminology and in some
cases, the typeof softwareand operating systems forming thebasisof thework,
but interpretation is necessary to readfor theconversation, as thesethingsare
very rarely explicit in thepapers themselves-and often it is thesurprising forms
of borrowing that areeither not clear (or not systematic) simply in thecitational
patternswhich are themostinteresting.

Reading for the plot. Historical or interpretative approaches developed for
scientific literaturesof thenineteenth century and beforedo not necessarily be-
comedefunct with the riseof the journal article, although it may becomeharder
and harder for the humanistically-inclinedscholarto seethe nine-pagearticle
ÇTheHistoneH3 Lysine27-Specific DemethylaseJmjd3 isRequired for Neur-
al CommitmentÈor ÇA heuristic for theStacker CraneProblem on treeswhich is
almostsurely exactÈasli terary in thesameway asthestill eminently readable
texts of ThomasHuxley or thewritingsof Pascal.

3 For thephraseÇintellectualhistory of practiceÈweareindebtedto CharisThompson.
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However, once we re-imaginetheLi terature asanentity alive with internal
conversation, with cross-referencing and foreshadowing, with patterns of at-
tention and elision, cansomeof theapproachesdeveloped with books bepro-
ductively transposed and transformed for usewith thisdifferently scaled corpus?
If one takes thecollectiveexpression, themassof literatureasÇtheworkÈto be
analyzed, wemight better appreciateamultitudeof papersasawork of scientific
observation, practice andtheory analogous to theOrigin of Species, i.e. a syn-
thetic work with particular emplotment and narrative structuresvisible in it.
Clearly this deliberate anthropomorphization cannot be approached with the
concept of the individual ÇauthorÈ. The Literature in science begins to look
more likeaHollywood studio film, which can nonethelssbe read with the tools
of literary analysis.

Gillian Beer, in her groundbreaking work on Darwin, nineteenth century evo-
lutionary narrative in fiction, and scienceand fiction more generally hasar-
gued that Çfundamental narrativehopesand fearsmay berenewed and reshaped
by the implicationsof current scientific theoriesÈ, and urges readers to look for
them in literary form, not explicit content: Çthese reinterpretationsof significant
story may be expressedin theorderingof narrative ratherthan declaring them-
selves in the language of the text (Beer 1996:185)È4. In fact, she says, they
may be figured in disarrangementsof formsof storytelling. This insight goes for
scientific literatureasmuch as for fiction. Reading acrossa largenumber of jour-
nal articles for emplotment can giveoneabetter senseof theemergenceand dis-
appearanceof disciplines, stylesof reasoning or collectiveprojects related to na-
tional goalsor th. commercializationof science.

Attending to problematization. All research articlespose themselvesascon-
tributions to problems larger than thearticle itself. Thedefinition, implicit or ex-
plicit of theproblem to which each article is conceived asa (partial) solution is
perhaps least visible in thecitations, since themoreaccepted certain theoretical
paradigmsor modesof work become, the lessnecessary it is to citespecific cas-
es. Problematization can also an interpretiveact on thepart of theanalyst: look-
ing for ways in which articlesarray themselvesaround aparticular problem to be
solved in the future, aswell as looking for ways that articles reinterpret past
work asa resource for new problems. This isparticularly clear in thecaseof the
development of computer sciencein the1950s,when many of themost impor-
tant articlespitchedthemselvesassolutionsto onekind of problem, but were
picked up subsequently as resources for very different problems. McCulloch and
Pitts famousarticleÇA Logical Calculusof Ideas Immanent in NervousActivi-
tyÈis amostillustrativecase-explicitly posed asanattempt to model thestruc-
tureof thehuman brain, it was re-oriented by Von Neuman for theconstruction
of a computer, by StephenKleenefor the creation of an algebra of recursive

4 Gillian Beer, ÇTranslation or Transformation?Èin Open Fields: Science in Cultural En-
counter, p. 185.
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functions, by the field of ÇNeural NetsÈasa technique for solving problems, and
by cyberneticsasan emblem of interdisciplinary creativity. Thissmall scaleex-
amplecan be recapitulated at the largescale, as in thecaseof cell fusion, where
thecharacterization of thiseraof cell fusion asaprofound rethinking of hybrity
is a problematization posedby theanalystto make senseof a body of research
otherwiseseenby contemporary scientistsasmerely prologueto genetic engi-
neering or monoclonal antibodies. Reading for problematizationscan beunder-
stood, perhaps, asacontribution to historical epistemology in an erawhen read-
ing practices, and hence definintions of understanding, must confront the
massiveamount of li teraturebeingproducedin the20th century.

5. CONCLUSION

These threemodesof approaching TheLiteraturecould besupplemented by
many others, derived perhaps from questionsalready clear in thehistory of sci-
ence. Such an approach can equally beof value in termsof how to find and ap-
proach scientists for interviews. Scientists today live insideTheLiterature. It is
their milieu, their culture, and it iswhat in many waysgivesmeaning to thede-
tailsof what they do. Somescientistshavepartial and narrow understandingsof
The Li terature, and are primarily concernedwith their small part of it. Others
haveamoresynoptic view. Asking scientists for amap of TheLiteraturemight
be seenas onekind of interpretation or readingof theliterature as a work. Es-
pecially for more contemporary work, ÇreadingÈmay be more a practice of
checking in with PubCrawler during morning coffeeand browsing theabstracts
broughtupby acertain setof pre-decidedkeywords5.

Returning to scientistsor engineerswith multiplereadingsof theLiterature in
hand can also provide a good ethnographic starting point for a conversation, a
probeof theway scientists today seetheliteratureof thepast 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-
sponseto funding, new challengesor threats, discoursesof risk and responsibility,
or demandsfor solutions to new problemsfrom clean energy to pharmaceuticals.

At onelevel what we proposehereis simply a demandfor a historical, or
historicizing version of quantitative research which goesbeyond simplemodels

5 PubCrawler isa freeonlineservice that alertssubscribers to new databaseentries to PubMed
and GenBank that match their research interests. A subscriber entersaset of research interestsupon
signing up, and getsadaily messageabout new additions to thesedatabases that match them. The-
re are many similar automated ÇalertingÈ services now available for different databases, news
sources,anddisciplines.
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of growth or transition. TheLiteraturecontains (necessarily partial) accountsof
whatpeopledid andhow they did it which are repeatedlyre-interpreted by sci-
entists, engineersand otherswho observe it. TheLiteraturecan bemined not just
for data, but for narrativesof material action, taking thewholemassof TheLit-
eratureasÇtheworkÈto beanalyzed. Such an approach necessarily demands in-
terpretiveskills: onemust delimit the literature in ameaningful way (the field of
cell fusion cannot be defined only by thosepaperswhich claim to be about
cell fusion, and yet it cannotincludeeverything); onemust understand thedif -
ference in concepts,not only in terminology (i.e.cellular automata and cell fu-
sion havenothing to do with each, or if they do, it must besomething more than
theterminology in use); onemustunderstand not just biographical and institu-
tional contexts for TheLiterature, but conceptual and technical contextsaswell.

In short, there is interpretivework to bedoneon themassnot only on the in-
dividual level. Wehaveno Origin of Species for the20th century, but with the in-
sight of citation indexing anda feeling for interpretation, onecan better appre-
ciateamultitudeof papers in TheLiteratureasan analogouswork of biological
observation, practiceandtheory.

The work of analysis in the two stories that open this paper is impossible
without the insights of citation indexing because it demands an approach to
the literatureasawork of collective representation. Similarly, rhetorical analysis
isuseful in understanding someaspectsof thearticulation of thisnew hybridity
such as its relationship to more traditional sexual breeding. However, an an-
thropology of science,or a history of science, that aims beyond the case study
demandsadifferent relationship to the literature than these two toolsprovideby
themselves. An ethnographic sensibility for the literature allows interpretation
back into the spaceopenedby citation indexing, and addsanawarenessof ma-
terial practice to analysisafforded by rhetoric of science. It givesnew meaning to
the idea of sitting down with the literature, situating individual scientists as
secondary sourcesas,alongside theethnographer, they too processthe massof
literaturethat formstheir intellectualandpractical environment.
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RESUMEN

El art’culo explora lasdificultadesque, para lahistoriade lacienciay la tec-
nolog’adel siglo XX, supone la lecturadeun gran nœmero deart’culoscient’fi-
cos. Seargumenta quehaytensi—nentredos estrategias distintas: la lectura en
detalle de los art’culos clave y el an‡lisis de citacionesy otros mŽtodos auto-
m‡ticosderastrear la literatura. El desaf’o quesuponealternar estosdosmŽtodos
y la necesidad de mantener una aproximaci—n interpretativa cuando nos en-
frentamosaunaextensa literatura (mileso decenasdemilesdeart’culos) pueden
ser abordadosaproxim‡ndonosa la literaturacient’ficacomo si deun informante
setratara, en el sentido antropol—gico.Caracterizamos a la literatura cient’f ica
como capaz dedescribir el cambio en losconceptosy en laspr‡cticascient’ficas
y tŽcnicas. El art’culo exploraestaestrategiay proponecentrarseen asuntos ta-
lescomo los materialesy mŽtodos(y laspr‡cticasque conllevan), as’como en
losproblemasa losqueŽstoscontribuyeno intentansolucionar.

PALAB RASCLAVE

Historia, ciencia del siglo XX, metodolog’a, an‡lisis de citaci—n, ret—rica
cient’fica, interpretaci—n.

ABSTRACT

Thispaper explores thedifficultiesof reading largenumbersof scientific pa-
pers when doing the history of 20th century scienceand technology. It argues
that thereis a tension betweentwo modes: that of closereading of key papers
and that of citation analysis andother automated modesof mapping the litera-
ture. Thechallengecharting between the two and of maintaining an interpretive
approach when confronted with a largebody of literature (thousands, or tensof
thousandsof papers) canbemetby approachingTheLiteratureas akind of in-
formant in the anthropological sense.We characterize theliterature here as so-
mething which can depict themovement of scientific and technical conceptsand
practices. The paper explores this approach, and suggests ways to track such
thingsasmaterialsand methodssections, themodeof emplotment they employ
and theproblemetizationsthey proposeor participate in.

KEYWORDS

History, 20th century science,methodology, citation analysis, rhetoric of
science, interpretation.
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