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e ABSTRACT

This paper examines the transformation of local uncertainties encountered by
working scientists into global certainty, or ‘scientific facts’. It discusses six
mechanisms by which scientists transform local uncertainty: attributing
certainty to the results of other fields; substituting processual for production
evaluations in the face of technical failures; ideal type substitutions; shifting
clinical and basic evaluation criteria; ad hoc generalizing of case studies; and
the subsuming of epistemological questions in internal debates. The data are
drawn from a study of late nineteenth-century British neurophysiologists
(surgeons, neurologists, pathologists, physiologists). The approach is drawn
from the sociology of work.

Scientific Work and Uncertainty

Susan Leigh Star

Participants in a particular scientific approach continually reconcile
or absorb anomalous material into its basic tenets. This has been
called ‘unfalsifiability’ or ‘disconfirmation bias’ by some, and this
allegiance defines, in many ways, a Kuhnian paradigm.' I argue here
that this persistence of belief or participation, in the face of
anomalies or contradictions, is the dependent variable of a
sociological process which transforms local uncertainties into global
certainty.

By global certainty, I am not referring to Kuhn’s description of a
‘critical mass’ of anomalies which eventually force paradigmatic
change.? Rather, when sites have very different kinds of local
difficulties — from which they develop and maintain the same global
perspective — several different types of transformations occur. A
complex interplay between long- and short-term scientific goals,
proximate and distant audiences, specific historical circumstances,
and the active synthesis and planning of a coherent group can help
produce and maintain this global commitment.

Perhaps by understandipg the ways in which researchers have to
manage these many contingencies, audiences, and time lines, we can
begin to understand better how and why unfalsifiable’ commitments
are made, and also how the homely exigencies of daily scientific work
become transformed or absorbed into widely accepted truths.

Social Studies of Science (SAGE, London, Beverly Hills and New Delhi), Vol. 15
(1985), 391427
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Scientists and Uncertainty

Scientists constantly face uncertainty. Their experimental materials
are recalcitrant; their organizational politics precarious; they may
not know whether a given technique was correctly applied or
interpreted; they must often rely on observations made in haste or by
unskilled assistants.

As many observers of science have noted, these contingencies
rarely appear in published descriptions of scientific work. Knorr-
Cetina’s and Latour and Bastide’s work on the transmogrification
and deletion of uncertainties from lab work to published reports
have emphasized this point; similarly, Latour and Woolgar’s
Laboratory Life documents in some detail the transformation of
everyday uncertainties into facts via ‘deletion of modalities’ and
progressive reification. Lynch’s work on artifacts and on
neurobehavioural tests notes similar phenomena under two
different types of conditions. The work of Woolgar and that of Pinch
has also described a similar situation.?

One major thrust of this research thus far has been to document
the presentation of data, from observation to publication, as
increasingly certain. The published data reveal, rather than hint;
articles state, rather than guess at; subjects line up and are counted
— by the time they get to the journals, they don’t run away and hide
behind the lab equipment or try sabotaging experiments. These
observations about the deletion of uncertainty have added valuable
insight about the process of conducting science.

However, the deletions have rarely been described with reference
to the details of both large-scale organizational/political factors and
hands-on laboratory or clinical practice: they have also tended to
focus on single cases or lines of work.*(The emphasis in one school of
social studies of science has been literary or focused on discourse.
Here, the dependent variable becomes language transformation via
uncertainty deletion. This type of inquiry, especially, de-emphasizes
institutional and work-related variables.’)

Studies such as Laboratory Life richly document the reduction of
complex laboratory results and uncertainties into vastly more
simplified formats of formal scientific publications. Several aspects
of this transformation might be further explored in order to
understand multiple-site, long-term changes. These unexplored
contingencies are central to understanding the transformation of
uncertainty from the laboratory to larger-scale and longer-term
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enterprises, be they ‘paradigms’, schools of thought, or laws of
nature. These contingencies are:

1. The long term effects of combining multiple sorts of evidence
(for example, of clinical evidence with basic research); and the
cumulative creation of certainty from multiple lines of
evidence;

2. The varieties of uncertainty faced by scientists;

3. The double focus of uncertainty resolution: with respect both
tolocal, daily work and to broader, longer-term issues;

4. The sociology of uncertainty as the collective behaviour of
meeting contingencies at both these levels of analysis.

Collective actions of this sort are important topics for the sociology
of science if we are to understand the organization of work leading to
the points that Knorr-Cetina, Latour and Woolgar, and others have
made about uncertainty.®

Scientists are intelligent problem-solvers, and their methods are
sensible in the context of their constraints and resources. Scientists
manage local uncertainty by the successful negotiation of a myriad of
obstacles, and the articulation of difficulties present in any work site.
These can include moral, political and managerial pressures, design
complexities, access to research materials, information and skill, all
of which may be recalcitrant or scarce. Scientists develop global
certainty with reference to larger spheres of work and longer time
frames — multiple sites and audiences, perhaps other disciplines and
institutions, debates with opposing schools of thought.

Scientists in the field often characterize the management of local
uncertainty as ‘not really science’ (and with perjoratives including
‘mere administrative work’, ‘dirty politics’, ‘beancounting’, ‘mere
logistics’ or even ‘sociology’). Real science, on the other hand,
means contributing to Truth, despite these local ‘glitches’ or
‘kludges’.” But global certainty develops as local uncertainties are
jettisoned, minimized, distributed, or resolved. The management of
local uncertainty, including its transformation to global certainty, is
not incidental, but central to research organization, despite its
deprecation by scientists.

We cannot assume that uncertainty management is universal or
that uncertainty itself is monolithic. The conditions and responses to
the uncertainties presented here are not historically or situationally
invariant, nor do the types represent an exhaustive list. I hope this
model for the complex transformation of daily uncertainty into
larger historical contexts of action will be modified, extended and
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revised.® At times, political uncertainty will drive a problem-solving
enterprise; at other times, diagnostic uncertainty prevents work
from proceeding until it is resolved.

This paper falls between several disciplinary stools. Medical
sociologists have written about the uncertainties of diagnosis or
medical training, but scarcely dealt with those of basic medical
research.’ Sociologists of science, as noted above, have elaborated
individual-site or line-of-work uncertainties and their resolution,
but rarely multiple-site, multiple-line transformations. And, in the
historical literature, when transformation of uncertainty is not
simply analyzed as ‘progress’, uncertainties may be dealt with purely
as technical discoveries or difficulties to be overcome.'”

Although my substantive topic concerns medical research, I do
not see the ‘diagnostic’ uncertainties referred to in this paper as in
any way analytically distinct from those faced by other scientists. A
taxonomist facing a fuzzy species identification question, a
paleontologist with a scarce fossil record, an astronomer with afoggy
lens or a maverick physiologist unable to receive NIH funding will be
familiar with the types of uncertainties described below, and perhaps
also with their transformations. !

General Background and Data

Early in the 1870s, a handful of researchers envisioned a map of the
brain which would match each mental function with a single physical
area; such amap would help order an array of puzzling malfunctions,
including epilepsy, aphasia, and the effects of brain tumours, syphilis
and tuberculosis. Most of the medical and scientific community
ridiculed their initial mapping efforts as ‘neo-phrenology’. But by
1906, the map and its underlying premises had become an
unquestioned fact in the medical and physiological world of the
West.

Between 1870 and 1906, the physicians and physiologists mapping
the brain faced constant, severe uncertainties, most of which were
never resolved. How these researchers moved from ridicule to
prominence is a long and complex story.'? This paper explores one
aspect: how the different kinds of daily uncertainty in the laboratory,
at the bedside or in the surgical theatre became transformed into the
unquestioned premises of the map of localized functions.

The commitment of this group of researchers to a model of brain



Star: Scientific Work & Uncertainty 395

function which would locate behavioursin a physical substrate began
in a time of professional upheaval. In medicine, physiology, and in
other areas of science which touched on the ‘mind’ or ‘soul’ there
were heated debates about human nature, the limits of science, and
the notion of ‘progress’. The scientific stakes for demonstrating a
physical basis for mind were extraordinarily high in terms of the
audiences affected and the resources in jeopardy.

In some ways the ‘hows’ of the transformations from daily
uncertainty to the commitment to localizationist ideology are easier
to describe than the ‘whys’. It is easy to think of this commitment as
somehow emerging from the ‘spirit of the age’ in Victorian England:
laissez-faire capitalism, materialism, scientism and new divisions of
labour. While all of these may be true —intuitively, for example, itis
easy to see individualism and free enterprise reflected in a model of
the brain that has independent, enterprising parts of its own—I feel
that a more detailed picture is called for, one which includes the
material exigencies of daily work and institutional form. There were
important interactions between daily contingencies (such as the
clinical management of desperate patients with brain cancer) and
larger-scale images, paradigms or pictures of nature which emerged
during this period."

From the beginning, the group I studied bet their scientific
reputations and resources on functional maps of the brain. They
succeeded in convincing the medical and scientific world that this
model was correct through a number of strategies: entraining the
resources of medical professionalization in the service of the theory;
eliminating opposing points of view via gaining ownership of the
means of knowledge production (journals, teaching posts, and so
on); linking a successful clinical programme (and a desperate
population) with the model; and uniting (with powerful scientists
from other fields, such as Darwin and Huxley from evolutionary
biology) against a common enemy (antivivisectionists).'*

In simplest form, localizationist theories of brain function state
that certain parts of the brain are responsible for specific functions—
for example, a ‘speech area’ or ‘motor cortex’. Scientists from
several lines of work were involved in building this theory. They
faced different contingencies and uncertainties, and resolved them
according to the practical demands of their respective situations.
Briefly, the lines of work involved in British neurophysiology during
this period were: "

— Neurology. Neurologists classified and located nervous
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diseases, tested, diagnosed, and examined patients, wrote up and
published cases, and exchanged information with support staff,
including house (general) physicians. Much of their work consisted
of administering and refining tests.

— Surgery. Surgeons assessed whether operation for tumour was
possible, located disease or tissue damage, and removed tumours or
repaired lesions. They invented new operative techniques and
instruments, and also published cases.

— Pathology. Pathologists obtained their own materials,
including negotiating postmortem permissions. They dissected,
sectioned, and stained tumours or other tissue. They then
microscopically examined this material.

— Physiology. Physiologists tried to recreate, in animals, the
malfunctions of human disease. Their techniques included surgical
removal of tissue and applying electricity to the exposed cortex to
chart nervous pathways and reactions.

I focused my study on a group of British researchers based at the
National Hospital for the Paralyzed and Epileptic, Queen Square,
London,® several of whom became quite famous: David Ferrier,
John Hughlings Jackson, Victor Horsley and William Gowers.
Queen Square was one of many specialty hospitals which developed
in the mid-nineteenth century in England, and was, like many of
them, primarily a charity hospital. Many important medical
developments informed localizationist research in this period: brain
surgery was developed;'’ antisepsis became accepted and properly
practised; instead of being assigned to general wards, patients were
more frequently grouped into disease categories in special wards or
specialty hospitals, making comparative study possible; and
methods for physiological experimentation on animal nervous
systems were more fully developed.'®

Types of Local Uncertainty

Workers in all four lines of work experienced great uncertainty.
Taxonomic uncertainty arose as they tried to develop classification
systems (for example, what kind of thing was epilepsy?). Diagnostic
uncertainty appeared as they attempted to apply classifications (for
example, did this patient have epilepsy?). Political uncertainty arose
in the course of creating or maintaining divisions of labour,
collaborations, and alliances. Technical uncertainty was created by
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the vicissitudes of instruments and experimental materials.

Local uncertainty emerged in the face of the following conditions:

— Physiological events which were rare, unstable, episodic, self-

reversing or spreading.

— Individual differences and lack of information for comparison.

— Materials or data which were difficult to obtain or recalcitrant

to work with; other uncontrollable experimental or clinical

conditions.

— Specialist-nonspecialist handling of the same cases.

— Unequal status between investigators; poor management-staff

relations.

— Financial insecurity.

— Delays and lack of communication between investigators.

Researchers transformed taxonomic (or in medical terminology,
nosological) uncertainty into ideal types. Diagnostic uncertainty
gave way to elaborated taxonomies and a search for definitive
symptoms. Political uncertainties formed the basis for development
of specific markets, specializations, and alliances. Technical
uncertainty was handled by cutting problems into small pieces,
standardizing techniques, and jettisoning intractable anomalies.

Taxonomic Uncertainty

Classification was a difficult problem with nervous diseases —
symptom configurations both overlapped and were highly variable
within groups. In addition, brain tumours and some nervous diseases
were quite rare. Arriving at a ‘typical picture’ of a given neurological
disease was particularly complicated for these reasons.

From the early part of this period (roughly 1860-70), Queen
Square (which was founded in 1860), admitted patients by symptom:
fits, paralysis, and inability to speak were the most common.
Physicians there were faced with the problem of constructing disease
categories from a heterogeneous patient group: those with
tuberculosis, neuraesthenia, syphilis, stroke, tumours, lesions,
deficiency diseases, lead poisoning, and so on. Symptoms could also
be transient within groups: patients would sometimes relearn or
reproduce lost functions after damage or with slow tumour growth.
The episodic nature of symptoms, their transience, and the overlaps
between disease categories made finding a typical picture extremely
difficult.”
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From ancient times, epilepsy had been a medical and social
mystery; it had many forms, perhaps constituted many different
diseases, and certainly had many different catalysts.?’ Brain tumours
were equally vague and multiform. Symptoms included those
common to many diseases: nausea, headache, dizziness, vision
difficulties. Furthermore, because brain tumours were rare, each
case’s individual quirks loomed large in constructing the taxonomic
picture. Comparative samples were impossible.

Taxonomic uncertainty in the physiological work of the 1870s and
’80s, arose from similar conditions. The physiologist’s mandate was
to discover the bases of nervous function, primarily by reproducing
human disease conditions in healthy animals. Taxonomic
uncertainty included: to what extent ablations or lesions could be
compared with human diseases; and how differences between
animals of the same or different species affected the comparability of
results.?!

A clean link between cortical areas, and resulting movements or
dysfunctions in experimental animals was requisite for an
unambiguous taxonomy. However, uncertainty arose in the
application of techniques designed to elicit these responses.
Electrical current spreads and cannot be contained in one area.
Critics attributed many of the muscle-movement results which
Ferrier obtained in his early (1870s) research to diffusion of current
over the surface of the brain or into deeper structures, thus claiming
that his results did not indicate localized areas, but rather procedural
artifacts.?? (A similar ‘spreading’ effect was observed in surgical
procedures where infection or haemorrhage distorted the
boundaries of the areas under investigation, with similar criticisms. )

Lack of information or materials could also contribute to
taxonomic uncertainty. There were very few neurosurgeons during
this entire period, thus few colleagues with whom they could
compare cases.?? Because of antivivisection restrictions, which were
severely enforced after the 1876 Antivivisection Act was passed,
surgeons also had difficulty obtaining animals for practice; similarly,
pathologists had difficulty in obtaining materials. It was hard to get
permission to do postmortems, and once permission was given, to do
careful work.? Because of lack of comparative data, what
constituted a ‘typical’ disease could not be clearly characterized.

There were two major responses to taxonomic uncertainty:

(a) Standardization. One of the comparable types of clinical
information was the temporal progression of symptoms through the
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body — for example, epileptic fits could start in a fingertip and move
up an arm, gradually involving a whole side of the body. Beginning in
the 1860s, doctors, patients, kin, and attendants tracked this ‘march’
of symptoms and transformed it into taxonomic data.’ As
localization theory gained prominence, Jackson (and later, Ferrier)
linked this ‘march’ with specific areas of the brain, sorting fits by
region of origin. After about 1875, and with increasing refinement,
physicians used this method to classify epilepsy. To facilitate
recording, neurologists made pre-printed ‘fits sheets’. The location
of the spasms and temporal particulars were checked off on these
forms. They helped sift taxonomic uncertainty in a number of ways:
they provided a checklist so that categories did not have to be
regenerated for the natural history of each fit; recording was speeded
up and thus more information within a narrow range could be
gathered; fuzzy intercategory data was ruled out by the checklist
nature of the sheet.”” Physiologists, too, attempted to standardize
their procedures, materials and protocols in order to get clear data
for taxonomic purposes. After his early experiments, Ferrier, for
example, began using pre-printed outline sketches of brains, in order
to label functional areas according to muscle reactions.?®

(b) Exemplary cases. Another response to taxonomic uncertainty
was to find exemplary, unambiguous cases of particular diseases.
Such cases were often the ones written up in the medical journals or
presented in classrooms. By thus filtering for ‘classic’ cases,
physicians were able to create taxonomies untainted by overlapping
symptom boundaries.?’

Diagnostic Uncertainty

Diagnostic uncertainty arose when investigators tried to fit
individual cases into a classification scheme. Taxonomic and
diagnostic uncertainty are interactive: if you are not sure what a
given disease should typically look like, how do you tell if someone
has it? If symptoms are highly variable, or hard to identify, how do
you create a typical picture?

Diseases of the nervous system are' very labile, and rarely
contained in location or effect.** Tumours did not fit maps of the
brain or grow in neat patterns; rather, they expanded beyond the
boundaries of functional neurological theories. They also had many
unpredictable side effects, including increases in intracranial
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pressure, scar tissue, and changes in veins and other circulatory
patterns. Infections were common and uncontrollable, including
some unique to brain operations (for example, brain fungus and
meningitis). Individuals produced widely varying ‘pictures’ of
different nervous diseases, another source of uncertainty.>!

Both surgeons and neurologists faced uncertainty due to the fact
that advanced syphilis and brain tumours shared many symptoms —
paralysis, epileptic-like fits, blindness. Conservative physicians
wanted all patients with these symptoms to undergo a prophylactic
course of treatment for syphilis before the diagnosis of brain tumour
would even be considered. This meant a delay of at least six weeks. ¥
Both surgeons and neurologists bitterly fought this conservativism
but it continued to interfere with diagnosis and treatment until the
Wasserman test was developed in 1908.%

There were many responses to diagnostic uncertainty, several of
which involved postponing decisions or substituting information:

(a) Temporal segmentation. At admission, patients with fits,
aphasia or paralysis were provisionally diagnosed. These categories
were then often refined according to surgical or pathological data
after the patient’s death. The immediate diagnostic uncertainty was
often thus postponed; and postmortem or physiological evidence
added to the body of taxonomic, not diagnostic data. It was not
immediately helpful with daily clinical problems. Many
classifications were only provable after patients died, or by indirect
inference. The uncertainty, then, was temporally segmented within
the workplace.*

(b) Substitution of Taxonomy for Diagnosis. Diagnostic
uncertainty in neurology was rarely addressed directly in terms of
better neurological exam techniques per se, or better test
equipment. Rather, neurologists focused on improving taxonomic
category systems. The familiar reflex test battery of modern
neurology, for example, was developed at Queen Square during this
period. During the latter part of the period, neurologists relled
heavily on general taxonomic theories to solve diagnostic puzzles.®

(c) Division of labour. Neurologists often hired out diagnostic
and taxonomic consultants. For instance, Semon, an ear-nose-and-
throat doctor, was consulted on a regular basis to see if aphasic
patients were unable to speak due to organic disease of the larynx.
Various opthalmologists were also frequently consulted for patients
with vision loss. Treatment was also segmented — lower-status
physicians gave electrical treatment; nurses and attendants
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administered massages and bromides. Neurologists were thus free to
concern themselves with elaborating taxonomies, lecturing, and
writing articles.* This separation of care and diagnosis made both
more certain in the short run, since attendants and consultants
screened out complications and side effects, and collected data for
the forms; neurologists culled unambiguous cases for publication
and demonstrations.

(d) Pathognomic signs. Another response of neurologists to
diagnostic uncertainty was to seek a pathognomic sign, indicating a
unique disease.*’ Neurologists early on thought that they had such a
sign in optic neuritis, an inflammation of the optic nerve, directly
visible on physical examination. Other signs provided more
ambiguous information; a missing knee reflex, for example, could
indicate several different conditions. In 1871, Jackson said that optic
neuritis was the most common opthalmological condition in cerebral
disease. By 1877, he was convinced that without opthalmology,
methodical investigation of diseases of the nervous system was not
merely difficult but impossible.*

(e) Shotgun treatments. Another response to diagnostic
uncertainty was to treat each patient with a wide variety of therapies,
hoping that something would succeed. Patients were massaged,
electrified, given steam baths and mud plaster, potassium bromide,
‘metallotherapy’, even leeches.*

Political Uncertainty

Political uncertainty arose when information was lost or trapped due
to the local division of labour or the circumstances of alliances and
collaborations. There were often gaps in communication between
doctors and patients, physicians and surgeons, or caretaking staff
and management. Political uncertainty also arose from precarious
sponsor relationships, funding negotiations, conflict about
professional status, and debates with opposing schools of thought.
While the specialized nature of the hospital at Queen Square
created research opportunities, it increased uncertainties in the
relationships between specialists and nonspecialists. Nonspecialists
often did not know how to diagnose nervous diseases — even
specialists had only just developed their tests in the 1870s and ’80s —
and patients were often referred to Queen Square only in the
advanced stages of their diseases, after more subtle symptoms had
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been missed, or after they had undergone ineffective treatments
elsewhere.*

During the nineteenth century, British surgeons were fighting for
equal status with physicians. While surgeons had achieved nominal
equality with physicians in professional associations by the 1880s,
there were still significant inequities.*! Physicians had control of
patient care, and surgeons had to bargain with them to obtain cases.
Thus relationships between physicians and surgeons were a source of
uncertainty and antagonism.** Cushing also described the different
skills and interests of surgeons and neurologists:

. . . the neurologist spends days or weeks in working out the presumable location
and nature of, let us say, a cerebral tumour. An operator is called in; he has little
knowledge of maladies of this nature and less interest in them, but is willing to
undertake the exploration. The supposed site of the growth is marked out for him
on the scalp by the neurologist; and he proceeds to trephine. The dura is opened
hesitatingly; the cortex is exposed, and too often no tumour is found. The
operator’s interest ceases with the exploration, and for the patient the commor
sequel is a hernia, a fungus cerebri, meningitis and death.*

Political uncertainty in clinical work often arose from
management-staff conflicts. There was continual friction between
the hospital administrator, the board of governors, and doctors. One
bone of contention was control of admissions. Physicians wanted
exclusive admitting rights, especially for those with acute,
scientifically interesting cases. Hospital administrators and
governors wanted to control admission for financial and political
reasons. When administrators controlled admissions, physicians
never knew when there would be an empty bed, or with what
illnesses they would be confronted; when physicians controlled
them, income was unpredictable.*

The major political uncertainty for physiology was lack of
independent funding or institutional security, due in part to
opposition from antivivisectionists, and in part to the lack of British
resources available for physiological research.*

There were three main responses to political uncertainty:

(a) Dividing groups and treatment responsibilities. Political
uncertainty between physicians and surgeons was handled in part by
segregating patients with clearly operable tumours. Physicians
submitted their diagnoses to surgeons.for review for possible brain
surgery, then helped surgeons locate tumours. Other patients were
cared for exclusively by physicians and support staff.*®
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(b) Focus on clinical impact. Institutional precariousness was met
with a conservative anatomically-oriented approach geared toward
clinical validation. Physiologists did struggle to gain an institutional
base separate from medicine, but in England this was successful only
much later. Experimenters used clinical successes to validate
localization theory, and then used the theory to legitimate
vivisection.*’ In banding together to form The Physiological Society
for the purposes of combatting antivivisection, physiologists (who
were often physicians) formed powerful cross-disciplinary alliances.
This linked pro-vivisection approaches with physiology.*

(c) Focus on minute details. The political uncertainties presented
by pathological work required dealing with scarce materials and
stigma. Pathologists took samples when they could, preserved them
as well as they could, and focused on minute details of individual
cases, especially of brain tumours. They relied on case-by-case
microscopic examination. The rest of the body, and environmental
conditions, were ignored.

Technical Uncertainty

Technical uncertainty developed as a result of inadequate tools or
ambiguous information about techniques. The experimental
subjects used by Ferrier and others included dogs, rabbits, monkeys,
birds, even jackals.* Technical uncertainty arose from difficulties
with subjects, equipment and procedures, including lack of standard
measures.

The difficulty of working with reacting subjects, particularly
monkeys, is vividly conveyed in Ferrier’s laboratory notebooks. His
notes were often written in an obviously hasty, shaky hand, trying to
record minute-by-minute events in the laboratory; the pages are
spattered with blood stains. Ferrier noted that the monkeys were
often ‘mischievous’, hostile, or affectionate, constantly trying to run
away from him, climb up his pants legs, bite or scratch. In Ferrier’s
words:

Apparently monkey disinclined to move. Could see somewhat as he when making
a push away from being pursued did not knock except occasionally . . . Difficult to
say whether right extended or not as being disinclined to move it — at any rate we
had few methods of testing . . . After this we tried hard to get the bandage off the
left eye. Was very unwilling to move at all. When kicked would run against
anything. Taken into the other room. Sat still with head down. Would not respond
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to when called. Gave him a piece of cracker and he put it in his mouth. Took him
back into laboratory. Got quite still and grunted or made a rush anywhere when
distracted.*

In addition to being reactive in a behavioural sense, the animals were
physiologically fragile. Damage to subjects, including operative
complications, was common. The notebooks record frequent
accidental deaths from haemorrhage or chloroform overdose.*!

In 1873, at the time of Ferrier’s initial experiments, antisepsis was
not standard even for humans; there was also a belief that animals
were resistant to infection, and that precautions need not be taken
for operations.’?> Rabagliati, in describing the work of Munk, said
that Munk ‘has not been able definitely to localize the
representations, however, because all his animals died of most acute
meningitis in his efforts to remove the surrounding centres’.>> Where
to place electrodes, how to make incisions, how to create lesions and
then control them, were all problematic. While many of these
technical problems were either resolved or standardized by the turn
of the century, others, such as control and specificity, remain
important even today.

Ferrier’s exemplary experiments consisted of opening the skull of
an animal and systematically applying electrical current to a
sequence of minute cortical regions. He then recorded subsequent
muscle movements. The points of application were carefully
numbered. If indeed the animal survived surgery, identifying the
various centres accurately, accounting for individual anatomical
variations and controlling the amount and kind of electrical current
were major sources of artifact and confusion.> Ferrier’s notes depict
these difficulties:

No application could be made nor could the electrolisation be made to be
localised.

This movement was very difficult to analyse as the brain very speedily lost its
excitability.

Hard to distinguish where the electrodes were due to the bleeding.%

He speaks of animals exhausted, in states of stupor.>® He pokes and
prods the animals, gives them smelling salts and electrical shocks,
bangs on the water pipes to see if they react. An experiment in 1879
records an operation whose sequelae Ferrier is not ‘sure if existed
before.”’
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Again, investigators had several responses to these conditions:

(a) Standardization. Here again, standardization was a response
to uncertainty and was concurrent with the adoption of notation
conventions. Technical arguments about ambiguities in technique
resulted in the adoption of one kind of current, standard incisions,
and universal use of antiseptic procedures. Conventions for notating
brain areas and current were adopted, and the types of animals
experimented on became increasingly standard.

(b) Shift down in focus. Technical uncertainty was in part met by
circumscribing the scope of the problems addressed. Famous
experiments by Beevor and Horsley in the 1890s attempted to chart
minute regions precisely; the uncertainty produced by trying to
analyze larger areas was thus circumvented.*®

(c) Substitution of theoretical validity for technical consistency. But
many of the technical uncertainties faced by localizationists were and
continued to be uncontrollable. One response to this on the part of
localizationists was to substitute theoretical validity for technical
consistency, and in the process to ignore intractable anomalies. For
example, localizationists kept encountering the following anomaly:
alesion occurred in an area of the brain thought to be responsible for
a function, but the function remained intact. Instead of abandoning
either their techniques or theories, they categorized these (frequent)
incidents as exceptions, and substituted theoretical validity for
technical consistency.

Analysis of Data

In sum, the local uncertainties faced by researchers included the
conditions and responses summarized in Table 1.

Despite the many local uncertainties which they experienced,
researchers were confident about the long-range global validity and
reliability of their results:

All this school of observers believed that they could interpret the clinical
manifestations directly in terms of anatomical paths and centres; each one added
one or more cases to those that had already become classical . . . It was an era of
robust faith and nobody suggested that the clinical data might be insufficient for
each precise localization.®
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TABLE 1

Social Studies of Science

Summary of Local Uncertainties

Conditions Responses
Taxonomy  Rarityofevents Orderdatasequentially
Multiple effects from or byspatial location
single causes Standardize
Individual differences Find exemplars—
Materials difficult to obtain filter for clearcut cases
Instability of events
(episodic, self-reversing,
spreading)
Partially available data
Diverse populations for study
Unclear boundaries of
causal phenomena;
lack of causal models
Uncontrollable experimental
conditions
Lack of information for
comparison
Diagnosis ~ Labile and spreading Segmentation of uncertainty
symptoms and side effects Substitution of taxonomy
Delayed information for diagnosis
Individual differences Division of labour
Search for sine quanon
Shotgun treatments
Political Specialist/nonspecialisthandling Divisionof data
of the same cases along political lines
Unequalstatus between forclarity
investigators Division of labour along
Poor management-staff relations technical/substantive lines
Lack of funding, Observations are limited
sporadic funding; toavailable materials
lack of institutional security Utilitarianemphasison
Delays and lack of communication practical results
betweeninvestigators
Technical ~ Reactingsubjects Standardization of techniques

Operative complications
(experimental)

Uncontrollable procedures

Observational difficulties

and materials

Standardization of observational
techniques (forms)
and protocols

Observations are downfocused
tosmallerareas

Substitution of theoretical
validity for technical consistency
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And Ferrier said:

In spite of innumerable attempts to degrade the grey matter of the brain and to
exclude it from all share in the results, it may be regarded as established that its
definite groups of cells yield definite effects always constant under a definite
stimulation of whatever nature.®'

Even Rawlings, the hospital administrator, seemed convinced of the
certainty of localizationist research:

The structure and working of the brain had been laid bare, and the stupendous fact
had been established that to each of the cerebral hemispheres were allotted
functions distinct and separate. These enthusiasts, pursuing their investigations
under discouraging conditions with an untiring patience which invested their
intelligence with genius, demonstrated that every individual portion of the
seemingly homogeneous organ was allotted its own particular task, and in
response to the probing interrogation of science every fibre and filament of the
complex structure yielded up the secret of its being.*

It would be easy to dismiss such claims as simply braggadocio or
exaggeration without adequate substantive bases. But such an
analysis is too simple, as well as ad hominem. The general public and
the medical profession, not only the researchers involved (given
their initial commitment), claimed certainty for localizationist
findings. The laboratories and procedures were public, and in no
way employed significantly different procedures from those
common in science then or now.%* The question is, then, how local
uncertainties became global certainty.

Creating and Maintaining Global Certainty

Several mechanisms were involved in the transformation of local
uncertainty into global certainty at the institutional level. Several of
these involved substitutions of various types;* all are rooted in work
organization and political contexts. The mechanisms of trans-
formation are:
1. Attributing certainty across disciplinary boundaries.
2. Substituting processual evaluations for technical failures.
3. Transformingideal typesinto theoretical goals; with backing of
sponsor, jettisoning anomalies and individual differences.
4. Adhoc generalizing of case results.
5. Oscillation of evaluation criteria between clinical and basic
concerns.
6. Debates subsuming epistemological questions.
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Let us discuss each of these in turn.

1. Auntributing Certainty to Other Fields

Evidence for localization was collected from several areas. As these
were triangulated to describe the same phenomenon in a general
argument, local contingencies from one field became invisible.
Researchers tended to attribute certainty to other fields:
physiologists relied on clinical evidence to supplement their
anomalous or uncertain results; pathologists turned to physiological
evidence when they could not find evidence for discrete areas. For
example, an anatomical atlas by Campbell contains the following
passage:

Histologically, the area of Broca pertains to the intermediate precentral field; its
type of cortex, as displayed by the methods I have employed, does not differ from
that situated immediately above, nor from that extending in continuation with it
forwards and round . . . This is of course negative evidence, but it gains in
significance when all the data of clinical experience, both the positive and the
negative, are considered together with it.*

Campbell does not discuss the clinical work in detail, nor criticize it,
in this volume. Thus, the effect is that clinical complications are
shuffled into basic research domains, and basic research anomalies
are shuffled into clinical domains.® The shuffled evidence became
interlocked; anomalies were passed between lines of evidence; local
uncertainties became buried and work processes rendered invisible,
but the theory gained credibility as many fields added evidence.
Because of the attribution of certainty across disciplinary lines, it was
impossible for researchers to trace a simple path of uncertainty,
responses, or negotiation of anomalous results. Lines of evidence
became tangled, both in publication and demonstration, but there
was no public way of verifying this nor of realizing it was happening,
since the details of work were embedded in the local contexts.

2. Substituting Processual Evaluations for Technical Failure

Members of a profession often account for failures not as mistakes or
threats to validity, but as processes which can only be understood by
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insiders. Bucher and Stelling call this the development of
‘vocabularies of realism’, and note that it is an important aspect of
professional socialization. Such substitutions appear as expressions
such as ‘the patient died but the operation was a success’. There is a
focus on ‘doing one’s best’ and ‘recognition of limitation’, sometimes
by ignoring the outcome of a given procedure.®” An example of the
use of vocabularies of realism in place of technical failures is found in
this report from a contemporary of Horsley’s:

It would be quite wrong to convey the impression that all Horsley’s operations
were successes, many were only partial successes, and some considerably less than
that. But this was a stage, doubtless, through which the surgery of the nervous
system had to pass. The problems were to localise a tumour accurately by clinical
means, to verify that diagnosis by operation, remove the tumour if possible.
Nobody else could have done any better than Horsley . . . and when one had seen
a man carried into Queen Square comatose, had seen Horsley remove a tumour,
and one had afterwards met the man travelling on the underground railway in
perfectly good health, in spite of a large lacuna in the vault of his skull, one had to
admit that a very remarkable thing had been done.®®

The substitution of processual evaluations helped transform local
clinical uncertainty to global certainty by focusing on the certain
aspects of localization and ignoring others. A similar strategy can be
seen in the oscillation of clinical and basic criteria.

3. Ideal Type Substitution

There was a vast demand in medical research for textbooks, atlases,
and other representations which depicted typical diseases. Spillane
discusses the widespread adoption of Gowers’ textbook of
neurology (‘the bible of neurology’), which contained functional
brain atlases. Jones’ notes from his medical training at University
College Hospital also indicate the desire for, and dissemination of,
such information.”” In the process of resolving taxonomic
uncertainty, researchers thus created typical pictures of diseases.
These pictures often included functional anatomical maps — for
example, the source of loss of speech is located in a particular part of
the brain. These maps were substituted for irregular or anomalous
findings from the local site. The enormous demand for functional
anatomical representations in medical education, diagnosis, and
textsrepresented amarketintolerant of ambiguity, and of individual
differences. The theory became unambiguously packaged into the
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atlas. The ideal types represented in such maps were sold as context-
independent (that is, as the brain, not a brain).”

Crucially, localizationists had the backing of sponsors who
overlooked anomalies and even assisted in the process of deleting
them. Ferrier was briefly sponsored by a small grant from the Royal
Society to conduct his early experiments. When he submitted his
original report in 1873-74 to the Society, referees had taken care to
check the numbered regions Ferrier claimed for given functions, and
disagreed with his placement of some regions. Rolleston’s referee
report on the experiments contains the following passage:

I have howevertosay, withreference to certain statements made on pages 30-32 of
the paper, that I do not think Dr Ferrier is quite right in saying that the parts of the
brain indicated by him with the circles 9 and 10 as stated to have called forth
movements of the tongue and mouth are really ‘the homologues of this region in
man which is the seat of lesion in the disease known as aphasia.’ The seat of this
lesion I believe is seated some distance in front of this locality indicated in Dr
Ferrier’s figure ii by the circles 9 and 10.”'

Rolleston goes on to suggest that Ferrier change the location of the
numbers in question on the diagram. He also notes that Ferrier’s
earlier paper reporting work done at West Riding had circles and
numbers placed differently, and suggests that Ferrier standardize
the two sets of drawings. Note that the suggestion is to standardize
the diagrams, not to redo the experimentsin light of what might have
been seen as inconsistent findings.

4. Shifting Clinical and Basic Criteria

Once a patient was diagnosed as having a brain tumour, neurologists
tried to localize it. Localizations often failed.”” In the casebooks at
Queen Square, I discovered a tracing that Horsley had made of his
incision through the skull of a tumour patient. The drawing shows
four separate openings, made successively in the operation as the
tumour was repeatedly not found (see Figure 1). Ultimately, the
hole encompassed nearly one quarter of the entire skull area.”

Yet these failures (anomalies and uncertainties) on the local
level were not presented as invalidating evidence at a global level.
In part, this was due to shifting evaluation criteria at the reporting
stage. For example, Gowers and Horsley collaborated on the
first operation for removal of a spinal tumour. Gowers performed
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FIGURE 1
Progressive Holes Cut for Tumour

Source: From Horsley’s sketch, in Ferrier’s casebook (National Hospital Records,
1886).

the neurological localization tests. When Horsley opened the
spine at the vertebra which Gowers had indicated, he found no
tumour. He had to remove several more sections of the man’s
spine before he found the tumour. However, because of the clinical
cure, the operation was claimed as a successful instance of local-
ization. On the other hand, Knapp and Bradford reported the
death of a patient after 45 minutes (in 1889). But in this instance,
the operation was acclaimed as a ‘success’, because the tumour
was located. By shifting evaluation criteria in this way, local uncer-
tainties were obscured and evidence adduced in favour of global
certainty.

5. Ad Hoc Generalizing of Case Results

The conventions for publishing medical research in the nineteenth
century included detailed case reports. Minute observations
about patient progress, techniques, and medication were inter-
mingled with basic research hypotheses. Such reporting was an
important contributor to the transformation of uncertainty. Locali-
zationist researchers worked in several loosely coupled sites.
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Because of the reporting conventions, no controls (such as refereed
papers or stringent methodological requirements) operated
on the flow of information from research site to publication;
information was added piecemeal and often in an inconsistent
manner.

Thus, challenges to local validity were distributed. Researchers
assembled evidence from both clinical cases and physiological
experiments in making their case for localization of function.” In
debates (bothinternal and external), evaluation shifted from clinical
to basic. The distributed organization of research and the
conventions of reporting in medicine de-emphasized local
uncertainty. In addition, the oscillation between clinical and basic
criteria for evaluation of evidence meant that clinical anomalies
could be answered with basic rationales, and vice versa, as noted
above. Thus, two pools of criteria for global success were available,
while local uncertainties went unreported.

6. Internal Debates Subsume Epistemological Questions

Localizationism was actively opposed by another school of thought,
‘diffusionism’, or what today might be called ‘wholism’.
Diffusionists denied that functions could be located in particular
parts of the brain.”” Much of the evidence collected to prove
localization was directed at rebutting diffusionists. This focused
arguments [against] another position, not on establishing positive
proof. Counterpoints to arguments raised from outside the
localizationist research endeavour thus often served to bury local
uncertainties as high-level issues were debated.

However, debates about technique, method, and so on, also took
place within the localizationist camp, and here it is important to
remember that arguments within a position strengthen that position.
The more localizationists argued with one another about how to do,
for example, ablation experiments, the less salient the question of
whether to do them became. Higher-level uncertainties thus became
transformed into more manageable, lower-level ones. Debate, both
within localizationism and between camps, thus subsumed
epistemological uncertainty.
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Conclusion

Scientists work simultaneously in two incommensurate contexts:
local settings and disciplines.” In the local setting, specific actions
resolve uncertainty. These actions ‘satisfice’, in Simon’s terms —itis
often too expensive to obtain all the decision information needed to
act.”” Management of uncertainty in the local work setting is
heuristic, often ad hoc, and tailored to cope with the material and
political exigencies of the given local situation. On the other hand,
scientists also justify their actions to larger au fiences as contributors
toadiscipline. The results that they publish in this context cannot, by
convention, reflect much local contingency. One of the mandates of
science is to create generalizable, even universal results, and this is
often conflated with deletion of local contingency.

The result of balancing the two contexts results in a series of
strategies which must satisfy local constraints and create global
certainty. Two central points of my analysis have been 1) to define
types of local uncertainty and to point out their different con-
sequences, and 2) to analyze the mechanisms by which such local
uncertainty supports, creates and maintains a larger perspective.

Although my data are drawn from nineteenth-century neuro-
physiology, the analysis is more generally applicable. Taxonomic
uncertainty is common, as Volberg’s study of the species question in
biology demonstrates. She notes a similar ideal type substitution as
scientistsin different fields encounter rare, overlapping, or ephemeral
phenomena, and respond with a search for species exemplars. Yet
the basic problem of defining ‘species’ remains technically unsolved.”®

Similarly, diagnostic puzzles are common, and not simply in
medicine. Engineers, for example, often face ‘buggy’ systems which
exhibit common symptoms in varying configurations, with
individual differences. Much engineering standardization and
delegation of technical work, like that described above, may have
arisen as an attempt to resolve these uncertainties.”

Political uncertainty is omnipresent in small business endeavours
and educational enterprises, professional reform movements, new
specialties, unstable bureaucracies or those with information
processing overloads,* to name a few. The development of ‘safe’
commercial products, a focus on small details and the segmentation
of organizations into those dealing with uncertainty and those
performing routine tasks are often responses to political uncertainty
of the type described here.
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Finally, the substitution of theoretical validity for technical
certainty, in the face of technically-based uncertainty is common to
problem-solving endeavours. The history of psychoanalysis and its
critics, for example, shows a continuous debate about the merits of
the theory in light of technical uncertainty.

The local contingencies of work are not normally criticized by
outsiders, nor open to debate. Thus, when descriptions of them are
absent, debates proceed on the basis of published work. Creating
and applying classification systems, managing organizational and
technical problems, especially of recalcitrant materials, are always
part of scientific work.®! The framework presented here needs to be
tested and elaborated in a number of sites, both contemporary and
historical, in order to understand more about the process of
managing different types of uncertainty at different levels of
organizational analysis.

Uncertainty and the Sociology of Science

Much recent work in the sociology and philosophy of science has
focused on the production of facts, the treatment of anomalies, and
the degree to which theories, once established, are not subject to
disconfirmation. Many researchers have noted the obduracy of
established perspectives or paradigms, and the degree to which
anomalous information may be ignored if it disconfirms basic
assumptions.®> Sometimes this is attributed to qualities of the
problems themselves; sometimes it is attributed to institutional
factors which determine the acceptability of findings. New
intermediary variables are sometimes introduced to bridge the
hypothesized gap between ‘internal’ and ‘external’.

Yet despite the wide interest in paradigms and fact production, the
obduracy of perspectives has rarely been analyzed processually as a
characteristic of complex, multiple-site work organization. The
analysis presented here posits that the transformation of local
uncertainty into global certainty is one important aspect of obduracy
and the persistence of theories.®® The transformation is rooted in
work organization. This includes local, daily work and larger
institutional and political contexts and contingencies, including
sponsorship and the uses of a theory by various audiences.

Obduracy arises as a process. It is the establishment of
conventions of production and use, alliances, evaluation criteria,
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standard operating procedures, and agendas. The continuing power
of a perspective in the face of anomalous evidence is an inextricable
part of scientific work organization because scientists must work at
both the local and global levels, because they must face many kinds
of uncertainty.
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