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ABSTRACT:
Do basic scientists and clinicians represent two separate sub-cultures? In other
words, i f culture is defined from a cognitive perspective, do basic scientists and clinicians
espouse similar beliefs and understandings about the objects and events in the world
around them? What are the differences and similarities between scientists and clinicians?
How do they relate to common objects?
This research is a case study of basic scientists and clinicians working in the areas
of Magnetic Resonance Imaging (MRI) and Multiple Sclerosis (MS) in a Western
Canadian university hospital. Based on five months of qualitative and quantitative
fieldwork, this study indicates that there are differences in how basic scientists and
clinicians perceive five shared boundary objects: the MRI, the neurological patient, the
CNS disease, neurological diagnosis, and the brain. This research also describes the
social life of MRI as it passes through sub-cultures within a hospital organization.
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ORGANIZATION OF T H E THESIS:
Chapter one, the Introduction, describes the research setting and the objectives of
this project. It explains the concept of knowledge translation and provides a historical
perspective to basic science and clinical work in medicine. Evidence-based medicine and
the diagnosis of Multiple sclerosis are explored.
Chapter two, the Literature Review, includes an overview of research on
knowledge translation and the development of the concept of boundary objects. In this
chapter I discuss the cognitive approach to understanding culture and some of its
consequences and limitations.
Chapter Three, Qualitative Methodology, describes the sampling strategy and
recruitment of participants for this research. As well, the approach to participant
observation and interviews are further explained in this chapter. Limitations are also
discussed.
Chapter Four, the qualitative results, provides a description of time, space and
leadership, as experienced by scientists and clinicians. It is divided into five sections
determined by the five boundary objects investigated: the MRI, the neurological patient,
neurological diagnosis, CNS disease, and the brain. These results are based on the
analysis of the qualitative data using Nvivo software.
Chapter Five presents the quantitative methodology and results. It provides an
overview of the semantic differential and how it was constructed and administered. The
quantitative results are divided into five sections corresponding to the five boundary
objects: MRI, the neurological patient, neurological diagnosis, CNS disease, and the
brain.
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Chapter Six is the discussion and conclusion which explains the implications of
this research and compares the qualitative and quantitative results. In addition, this
chapter identifies areas for further research.
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CHAPTER 1
INTRODUCTION: THE DIVIDE BETWEEN BENCH AND BEDSIDE

2
Considering the strong association between science and medicine today, it is
difficult to imagine that medical healers in the past did not partner themselves with
scientific knowledge. Warner (1991) describes the antagonism between science and
healing in American medicine as it was practiced between 1820-1850. At this time, an
M.D. degree was not required to practice medicine and few doctors had hospital
instruction or experience at dissection. "The proliferation of for-profit medical schools,
often characterized by low educational standards and ethics, greatly increased the
production of poorly trained practitioners" (Warner 1991:66). Aspiring physicians from
wealthy American families studied in the large clinical institutions in Paris, France to
gain experience. In letters to their families, students indicated they were often amazed at
the "allegiance to empirical fact, to truth, to knowledge attained and verified by direct
observation and analysis of nature" (Warner 1991:70) in the Parisian clinics. These
letters also explained, however, that medical knowledge did not translate into improved
clinical practice. As one visiting student wrote, "One circumstance which never occurred
to me until I came to Paris.. .is the great redundancy of population, and consequent
cheapness, or rather the non importance of human life! !" (Warner 1991:71).
Parisian clinics were seen as striving to gain scientific knowledge rather than as
healing institutions. Upon returning to the United States, students were diffident about
the empirical science they had learned; American society at this time was highly
distrustful of scientific knowledge. The popular ethos of Jacksonian Democracy
encouraged the belief that "all authentic knowledge should be fully comprehensible to the
common man and woman" (Warner 1991:75). Thus, scientific knowledge threatened a
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physician's integrity. The tension between science and healing was shaped by
American culture and politics.
Warner (1991) argues that those who did support science were not doing so
because they thought science would improve healing. On the contrary, science and
practice existed in separate spheres. American students revealed from their studies in
France that scientific empiricism and truth did not necessarily lead to improved healing.
These physicians adopted the ideal of medical truth and saw empirical observation as a
tool against speculation. Warner argues that many of the physicians who openly
supported scientific empiricism at this time were fundamentally interested in exposing
the quacks with whom they competed for paying patients.
Rae (2001) comments on a similar history of medicine in the Canadian context.
Abraham Flexner, who was not a physician but an educator, traveled to Germany to learn
about medical education. Impressed by the rigorous, scientific notion of medicine,
Flexner wrote a report outlining his recommendations for medical schools in the United
States and Canada. Highlighting the need for minimum education levels, Flexner also
emphasized that training should be the responsibility of research-oriented faculty
members rather than practicing clinicians. He claimed that "those not trained in the
laboratory were unsuitable as teachers" (2001: 1860). Thus, the town-gown divide was
created as the gap widened between those who practiced medicine (around town) and
those who conducted research (in lab coats or gowns). Sir William Osier, a physician,
opposed Flexner's recommendations. Instead, Osier supported the idea of teaching future
physicians at the bedside instead of in the laboratory. Despite Osier's caveat, Flexner's

recommendations prevailed. Often praised for bringing science into medicine, Flexner's
legacy is the increasing divide between town and gown in Canada and the United States.
Today, science and medicine are strongly associated. Scientific innovations and
discoveries are connected to improvements in health and healing. Science is deeply
integrated into our conceptualization of medicine. However, the training and education
that scientists and clinicians receive is distinct. Furthermore, professionals in these two
areas are often physically separated. It is difficult for one to be simultaneously basic
scientist and practicing clinician. How, then, is knowledge shared between basic science
and clinical practice? Do basic scientists and clinicians represent two sub-cultures? This
project explores these questions in a Multiple Sclerosis clinical research environment that
engages the services and collaboration of MRI scientists.
K N O W L E D G E T R A N S L A T I O N A N D THE CLINICIAN-SCIENTISTS
C O N U N D R U M : THE C A S E OF MS A N D MRI
Translational research can be defined as the "process of translating discoveries in
the laboratory.. .into clinical interventions for the diagnosis, treatment, prognosis or
prevention of disease with a direct benefit to humans" (Minna and Gazdar 1996: 975).
The process is bi-directional as clinical insights are also transferred to the basic research
laboratory to be tested and validated (Phillipson 2002). A heightened concern for
research exploring translational knowledge developed during the last ten years. Yet the
roots of this apprehension may be traced back to James Wyngaarden's (1979) public
warning about the decline of physicians interested in basic science research.
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Interpretations have been offered as to the causes of deterioration within the
hybrid profession of clinician-scientists. Clinician-scientists are important to health care
as a whole because they constitute the proverbial bridge, spanning the gap between bench
and bedside (Rosenberg 1999). In order to take advantage of advances in basic science
discoveries, such as the mapping of the human genome, physicians must be engaged with
basic science research to make the connection between genes and sick people. Thus, there
are significant consequences in the decline of clinician-scientists, who traditionally
provided the link between bench and bedside.
Most medical students incur a substantial debt load (Ley and Rosenberg 2002;
Nathan 2002; Pober, Neuhauser, and Pober 2001; Mark and Kelch 2001). A desire to
reduce this debt dissuades students from continuing the lengthy training time (often ten
years of post-doctoral work) for gaining sufficient experience in basic research.
Furthermore, few who succeed in becoming clinician-scientists concentrate on patient
oriented research (POR). POR requires dealing not just with cells but also with the
patient as a whole. Conversely, there has been a flourishing of pure, basic research or
disease-based research, which does not require contact between the scientist and the
patient (Goldstein and Brown 1997). One reason for the paucity of patient oriented
research is the struggle to find funding in this area. Individuals conducting patient
oriented research have been described as sharing four attributes: passion, patients,
patience, and poverty. Poverty refers to the lack of available grants for POR (Goldstein
and Brown 1997).
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It is difficult for individuals to simultaneously fulfill the roles of both physician
and researcher. Considering the extremely fast pace of today's basic research
advancements, perhaps it is not realistic to expect individuals to construct this bridge
alone. Collaboration may be a more successful path to translation (Goldstein and Brown
1997). As Nathan (2002) points out, this requires a very different attitude from granting
agencies. For example, NIH grant applications provide only one space on the application
for Principle Investigator, "undermining the rewards for collaboration" (Pober et al.
2001: 2309). Collaborative efforts are further hindered by the physical separation of the
bench and bedside, each located in its own building. This reduces the opportunities for
spontaneous communication and inspiration.
Medical professionals have identified cultural variables as perhaps the most
cumbersome obstacles to overcome. For example, Pober et al. state that, "clinicians and
basic science researchers have fundamental difficulty recognizing the merits of research
from the other sphere" (2001: 2309). Clinicians believe basic research is too reductionist;
likewise, basic researchers undervalue clinical work, as achievements are based on
divergent criteria between the two groups. The implication is that if collaboration is to be
successful, a dramatic change in the culture of medical academia must occur (Pober et al.
2001). Currently, the size of the object that a researcher investigates is inversely
proportional to the prestige the researcher accrues (Feinstein 1999). In other words,
cellular research is deemed highly valuable, while clinical investigations at the level of
the patient remain less recognized.
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A literature concerning the demise of the physician-scientist attests to the valued
nature of translational knowledge. Recent conferences have been devoted to this topic in
the United States (Rauh 2002), Switzerland (Baumann et al 2000) and translational
networks have been established in the United Kingdom (Rowett 2002) and in Canada
through the Canadian Institutes for Health Research. Translational research has been
acknowledged and applied in many medical areas, such as radiation oncology (Coleman
et al 2000), integrative biology (Phillipson 2002), cancer research (Chabner et al. 1998;
Minna and Gazdar 1996; Marwick 2001), medical ethics (Kagarise and Sheldon 2000),
and spinal cord injury (Hulsebosch et al 2000). A n entire issue of the Journal of the
American Medical Association (JAMA) was devoted to the topic of knowledge
translation (March 2002).
The Canadian Institute for Health Research (CIHR) has proposed that cultural
differences in medical sub-fields inhibit health research. However, this is a truth claim
that remains to be verified through research. Are cultural differences between professions
within the health institution problematic to research? Communication with the CIHR
indicates that an anthropological perspective has much to offer translational research,
providing ethnographic descriptions and insights into medical sub-cultures (basic
scientists and clinicians). Anthropology has developed a diverse methodological tool-kit
of qualitative and quantitative approaches in order to understand how people make sense
of their social world.
Thus, a medical warrant for research has been established. However, a call for this
research also comes from the social sciences, sociology and anthropology. The clinical
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world has not remained static or stable. Armstrong (1995) outlines some of the changes
in medicine over the last two hundred years, characterizing each medical era as library
medicine, bedside medicine, and hospital medicine. He argues that a new surveillance
medicine is emerging "which involves a fundamental remapping of the spaces of illness"
(1995:395). The normal is problematized and illness is located in the extra-corporeal
spaces; new techniques of surveillance, such as M R I screening, concentrate on a fourdimensional patient body in which a person is situated within a "temporalized risk
identity" (Armstrong 1995: 403). Consequently, a change has occurred in the
relationship between symptom, sign, and illness.
The growing use of MRI as a diagnostic tool reflects a larger movement of
Evidence-Based Medicine (EBM). Proponents of E B M criticize "clinical decision
making based on individual experience", arguing that clinical reasoning should be based
on the most up to date research literature (Mykhalovskiy 2004:1). The epistemological
shift in medicine, fostered by E B M , is quickly being adopted in medical schools across
the globe. Mykhalovskiy (2004) reviews the work of social scientists who have critically
analyzed E B M from the lenses of political economy and humanism. He raises topics for
future research, encouraging social scientists to leave behind normative questions and
instead explore how different forms of clinical reasoning interact and conflict, or how
patient bodies have become the site from which evidence is produced. Mykhalovskiy
(2003) also demonstrates the importance of texts in E B M , outlining an example of
science that is recontextualized for practical use in the clinical setting. The diagnosis of
Multiple Sclerosis (MS) is an area that has been greatly affected by the turn toward E B M ;
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in addition to clinical reasoning, M R I is increasingly utilized in the diagnostic process,
in part, arguably, because of the epistemological shift toward E B M .
The Diagnosis of MS:
First diagnosed by Parisian physician Jean Marin Charcot (1825-1893), Multiple
Sclerosis (MS) is a chronic disease that causes demyelination and axon injury in the
Central Nervous System. The lesions associated with M S can invade different parts of the
brain and as a result the signs and symptoms of this disease vary widely with each
individual. However, common symptoms include optic neuritis, numbness, sensory loss,
changes in cognitive ability, depression, and fatigue (O'Connor 2002). Typically, MS
clinical symptoms emerge between the ages of 20-40 years, with a peak age of 23-24
years old. M S is twice as common in women than men. Although it may take 15-20
years, most people diagnosed with MS eventually suffer from significant disabilities. Life
expectancy is not drastically reduced but approximately 50% of people with MS die of
medical complications from the disease (O'Connor 2002).
Multiple Sclerosis is divided into four different stages of diagnosis: relapsingremitting, primary progressive, secondary progressive, and progressive relapsing.
Traditionally, M S was diagnosed on the basis of criteria established by Poser et al in
1983. Lesions had to be disseminated in time and space on the basis of two clinical
events. Recently, in 2001, an international panel lead by Ian McDonald created a new set
of diagnostic guidelines which, among other things, incorporated the use of Magnetic
Resonance Imaging (MRI) of the brain. This eliminated the necessity of a second clinical
event to be treated for M S . "The use of these new criteria may change the perception of

10
M S , including diagnosis and treatment" (O'Connor 2002:S6). A recent study
conducted by Hollingworth et al (2000), demonstrated how M R I impacted and influenced
diagnosis and treatment of seven different diseases. Despite the growing popularity of
MRIs (in 1995 there were an estimated 9000 MRI systems worldwide), "no trial has yet
proved that the use of M R I in the diagnostic process is significantly associated with
improvement in patient quality of life or survival" (Hollingworth et al. 2000: 825). The
study examined 1890 referrals for MRIs. Clinicians were asked to comment on their
diagnoses and treatment plan before the MRI was conducted, as well as their degree of
confidence about the most likely differential diagnosis. After the M R I results were sent to
the referring clinician, he or she was asked again to comment on their diagnosis,
diagnostic confidence, and proposed treatment plan in light of the new evidence. Thus, a
comparison of these pre- and post-MRI comments provides evidence for how MRI
influenced diagnosis and management of diseases (Hollingworth et al 2000). Referrals
for MRI were divided into nine general disease groups (MS, pituitary lesion, knee
meniscus, etc.). Hollingworth et al, (2000:827), reported that "magnetic resonance
imaging findings were associated with a significant change in post-imaging diagnostic
confidence in seven of nine diagnostic groups... [accompanied by] substantial shifts in
management plans after imaging." M S was one of these seven groups. Thus, this
technology is having a major impact on how diseases are being approached and managed.
Over the past 20 years, there have been many technological advances in MRI,
including better spatial and contrast resolution, increased speed of imaging, and the use
of contrast agents such as gadolinium (Hollingworth 2000). As a result, MRI has two
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advantages over computed tomography (CT) : improved contrast sensitivity results in
greater detection of white matter abnormalities, and the surrounding structures, such as
bone, do not generate artifacts (Drayer 1988).
One major impact of the new diagnostic criteria for M S is that people with
clinically isolated syndromes (CIS) can now be diagnosed with M S and enrolled in
treatment regimens. A CIS is defined as, "an acute isolated event affecting the region of
the central nervous system that is presumed to be demyelinating, with no previous history
of possible demyelinating events" (Dalton et al 2002:48). The previous Poser criteria
required two clinical events, disseminated in time and space to justify a diagnosis of MS.
Now, the appearance of a lesion on an MRI replaces the requirement of the second
clinical event. Dalton et al (2002) conducted a study on patients with clinically isolated
syndromes, comparing the earlier Poser criteria with the new McDonald criteria. Patients
were imaged at three months, one year, and three years. After one year, half of the
patients in the study fulfilled the criteria for diagnosis using the new criteria, compared
with only one fifth of the patients according to the previous criteria. Thus, the inclusion
of MRI in the diagnostic criteria for M S increases in the number of patients diagnosed
with M S .
A study by Tintore et al (2003) involved a similar comparison between the former
Poser criteria and the new McDonald criteria. Out of 139 patients with CIS, only 15 met
the Poser criteria for definite M S after 12 months, while 51 patients fulfilled the
McDonald criteria for diagnosis. Thus, in "just 12 months the new criteria more than
tripled the frequency of diagnosis of M S " (Tintore 2003:30). However, a more recent
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article (Giovannoni and Bever 2003), suggests that the results of Dalton et al and
Tintore et al's studies are based on a follow-up period that was insufficient. Giovannoni
and Bever argue (2003:6) the new criteria
"are not good enough to guide clinical practice. A minority of patients
who fulfill the criteria may not have M S . . .false-positive results can
result in patients needlessly being placed on potentially life-long
treatments that are expensive, have side effects, and are inconvenient
to administer".
McDonald states in the outline for the new criteria that, "radiological and
laboratory investigation.. .may be essential in making the diagnosis when clinical
presentation alone does not allow a diagnosis to be made" (2001:121). Poser
(2001:1746) warns, "emphasis on the MRI may be interpreted as justifying dependence
on it."
The new criteria for diagnosing MS are partially based on criteria proposed by
Barkhof et al (1997) which emphasize specificity over sensitivity. Specificity refers to
the rate of false positive results (telling people they have MS when they actually do not),
whereas sensitivity refers to false negative results (telling people they do not have M S
when they actually do). O'Connor (2002) points out several drawbacks to the Barkhof
study, including its reliance on two studies with small sample sizes and relatively short
follow-up periods. As well, the new criteria essentialize "state-of-the-art" technology in
the diagnosis of M S . McDonald et al. explains, "it is expected that in most cases these
clinicians will have access to the technologies required for the diagnostic workup"
(2001:125). Clearly, in many countries, a diagnosis of MS according to the new criteria
(and thus access to treatment) would be available only to a wealthy minority. In Canada,

13
many patients pay for M R I scanning at private clinics to avoid lengthy waiting list in
th

th

hospitals (November 19 , 2002 Calgary Herald: CDC3; March 16 , 2003 Calgary
Herald: A7).
Furthermore, it has long been recognized that the quality of M R I depends on three
variables: "field strength and homogeneity of the magnet, basic tissue parameter
interrelationships.. .and the operator-selected radiofrequency (RF) pulse sequence..."
(Drayer and Barrett 1984:298-99). There is much variation in the way MRI can be
performed; thus, standardization is needed in the way results are reported and in
acquisition and protocol methods.
As the previous discussion implies, MRI is an important tool in the clinical
diagnostic process; however, scientists, who are not directly involved in diagnosing
diseases, are also acutely involved with MRI. In this study, scientists work in a research
center with their own M R I machines used primarily for research purposes, such as the 3
Tesla and 9.5 Tesla machines; conversely, the 1.5 Tesla M R I scanner used for clinical
purposes is located in the bottom of the hospital, distant from the scientists (See Chapter
5 for a description of space). Scientists employ math and physics to construct the M R
image; they create algorithms and develop novel sequences to improve the image quality.
Scientists use transforms, such as the Stockwell transform or the Fourier transform, to
convert magnetic information produced from a brain scan into formulas. Scientists
conduct most of their work in this mathematical space, from which the image, the final
product, is constructed. Scientists conceptualize the M R I differently from clinicians who
are primarily interested in the final product or image.
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Thus, this thesis investigates how knowledge is produced and exchanged in an
environment that sustains a plurality of epistemological traditions. Clinical reasoning
now exists within a larger framework of E B M and at times, this research will show,
clinicians struggle to define the relationship between a clinical diagnosis of MS and a
diagnosis based on M R L People working in the area of M S are increasingly faced with
multiple, and sometimes conflicting, types of evidence. With a dominant model of E B M ,
there is a new concern for what constitutes evidence in clinical practice. With the new
McDonald criteria in multiple sclerosis, magnetic resonance imaging is becoming an
essentialized form of evidence. This research focuses directly on how these different
types of knowledge are produced and the relationship between different professionals
across a hospital who employ various epistemological traditions throughout the
diagnostic process.
THE SOCIALITY OF T E C H N O L O G Y :
A greater emphasis on paraclinical investigations, such as MRI, in the new
diagnostic criteria for M S reflects the values and goals of our society at this particular
historical moment. Technology, such as MRI, is social; it has a social life (Appadurai
1986). It influences and is influenced by our ideas and values as a society. Technology
is an integral aspect of how we define and measure health and illness; its integration into
hospital life has changed the patterns of organization and communication, creating new
roles and relationships. Some of my research questions are about the role of technology
in medical sub-cultures.
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Pacey, (1983) describes technology in terms of its cultural, organizational, and
technical aspects. The cultural aspect is concerned with the goals, values, and ethics
imbued in any technology practice. The organizational aspect refers to the professional
activity surrounding technology, involving users and consumers as well as economic and
industrial activity. Finally, the technical aspect includes the skills and techniques, tools,
machines, and specialized knowledge involved in a technological practice. Thus, we
need to consider the context of any particular technology and how it affects expectations
about the future, reflecting the values and goals of the cultural milieu in which it is
adopted.
Visual Domination in Medical Science:
In the medical education building at my field site, there stands a large statue of
Hippocrates (c. 460-377 BCE). While little is known about him, he is a classic symbol in
modern medical practice. Hippocrates proposed that the human body was in a natural
state of health until illness upset the body's equilibrium. This equilibrium depended on
the balance of the four chymoi, or humours: bile and phlegm which were associated with
sickness, blood which became visual in menstruation and in the practice of blood-letting,
and black bile thought to be a harmful yet essential humour (Porter 1997). Doctors were
charged with observing sickness and analyzing a patient's way of life in order to
construct diagnoses. The doctor asked questions and used his senses in order to gather
data about illness. Little was known about the inner workings of the human body, since
dissection was not allowed. Hippocrates outlined the moral duties and responsibilities of
physicians which still affect the conduct of physicians today.
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IfHippocrates were a clinician, than Galen, born in A D 129, was a clinicianscientist. As physician to wounded gladiators, Galen caught glimpses of the inner body
which was otherwise unobservable. He dissected apes, pigs, sheep, goats, and an
elephant heart. He "prided himself on being more than a fine clinician; he was a medical
scientist" (Porter 1997:74). Thus, Galen combined theory with practice.
th

It wasn't until the 16 century that the inner human body was visually known
through the art of dissection. "Opening up bodies - dead human cadavers, living animal
ones - had become the prescription for true medical knowledge" (Porter 1997:219). The
visual sense began to dominate medical knowledge with the inventions of the stethoscope
and microscope. Through machines, the body became measurable. Thermometers
measured temperature; a pendulum measured pulse rate and numbers were increasingly
applied to the body. Research and clinical practice became divided, as experimental
science did not necessarily translate into clinical success (Porter 1997). The
technological advancements in the Enlightenment period had lasting effects on clinical
and scientific perceptions of the human body. In 1846, a lens maker named Karl Zeiss
improved the microscope; thus opening the world of the cell. In 1896, the discovery of
X-rays by Karl Wilhelm Rontgen was announced and became an important diagnostic
tool (Porter 1997). Stafford (1991) describes how these technological advancements
gradually turned the human body inside-out; borders became blurred. Visual knowledge,
attained with the microscope and the X-ray, collapsed space and minimized distance.
The body "could be minimized or magnified, reduced or aggrandized, cleansed or
cosmeticized.... a site for the display of purity or pollution" (Stafford 1991:16).
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As well, we need to consider the organizational aspects of technology (Pacey
1983). For example, the MRI has increased interaction between basic scientists and
clinicians. Barley (1986) describes the organizational changes in two radiology
departments with the introduction of the CT scanner. He explains, "technology might
occasion different organizational structures by altering institutionalized roles and patterns
of interaction. In so doing, technology is treated as a social rather than physical
object..." (1986:78). Like the CT, the growing reliance on MRI is changing the ways in
which scientists and clinicians interact. The inclusion of M R I in the diagnostic criteria for
MS has increased the opportunities for collaboration, inciting the need for translation
between these two professional groups.
MRI technology has changed the way clinicians and scientists conceive of the
patient and their approach to diagnosis. A poster about Karl Zeiss hangs on the wall near
the entrance to the M R I center, a reminder of the roles that past technologies played in
the development of neurology. Scientists peer inside the brain, transforming magnetic
signals into an image. The patient is reduced to visual information and further distorted
into sines and cosines in Fourier space. The living, breathing, feeling patient is bracketed
off in the everyday work of scientists. Likewise, MRI has changed the clinicians'
approach to diagnosis. The image has greater authority in representing the presence or
absence of disease.
Latour proposed that researchers look at the inscription devices; "the end product
of all these inscription devices is always a written trace that makes the perceptive
judgment of the others simpler" (1983:161). Thus, the tables, charts, and pictures are a
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means of simplifying ideas and knowledge, making it easier to translate from one
domain to another. The magnetic resonance image is an inscription device, rendering
visual what was once unseen. Lesions in images become read like a text. The disease of
Multiple Sclerosis becomes tangible, quantifiable.
Thus, MRI technology is another example of the privileging of visual information
in medical science. This technology carries assumptions about what constitutes valid
knowledge as well as underlying beliefs about human nature. Like the stethoscope or the
x-ray, the MRI renders the inside of the human body public and visual. Thus, interaction
with this relatively new technology has altered the cognitive structures of scientists and
clinicians.
AIMS A N D OBJECTIVES:
This research investigates the similarities and differences in how clinicians and
1

basic scientists , working in a Multiple Sclerosis clinical setting, think about some of the
shared objects in their professional environments. Concentrating on the cognitive aspects
of culture, this research aims to answer the question, "Do basic scientists and clinicians
belong to separate and distinct sub-cultures?" Social scientists, as well as medical
administrators and educators, have emphasized value in understanding the similarities
and differences between these professionals. A recent body of literature in social and
cultural studies of science (Lowy 1996; Fujimura 1992, 1990) provides insight into the
processes and obstacles involved in interactions between bench and bedside. This
research aims to contribute to this literature by examining M R I and M S as they exist in
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Throughout the remainder of the thesis, basic scientists will be referred to as scientists to avoid
redundancy.

the scientific world of physicists and the clinical world of physicians. It employs
qualitative and quantitative methodologies in an attempt to understand the intersecting
social worlds of scientists and clinicians in a clinical research environment.
This chapter has provided a historical background to the relationship between
scientists and clinicians. I have discussed the medical and social scientific warrants for
this research. In addition, the epistemological shift toward E B M and the growing use of
MRI in the diagnosis of M S has been introduced. Finally, this chapter has explored the
social life of MRI. The next chapter provides an overview of the literature, outlining the
two theoretical paradigms that provide a framework for this thesis: cognitive
anthropology and the social study of science.
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CHAPTER 2

LITERATURE REVIEW: COGNITIVE ANTHROPOLOGYAND THE SOCIAL
STUDIES OF SCIENCE
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This chapter introduces two theoretical areas to support the later interpretation
and discussion (See Chapter 7): cognitive anthropology and the social studies of science.
Cognitive anthropology provides the approach to understanding the similarities and
differences between clinicians and scientists. Since culture is often a slippery word to
define, the cognitive approach helps to pin this concept down. I acknowledge that many
definitions of culture have been bracketed off, in an attempt to temporarily hold constant
the concept of culture, as it will be used in this thesis. I am motivated to employ a
cognitive framework, in part by my own biased interest in cognition. However this
approach also facilitates an understanding of how knowledge and experience are imbued
in objects, affecting how these objects are constructed in various social worlds. From
the theoretical landscape of the social studies of science and technology, the conceptual
utility of boundary objects is examined as they provide the means of gaining access to
cognition. In other words, I compare scientists and clinicians (See Chapter 7) by
examining how they think about certain salient, shared objects. Thus, cognitive
anthropology and the social studies of science are introduced in this chapter, providing
the background for the present study.

A COGNITIVE CONCEPTION OF C U L T U R E :
What is the nature of human culture? How do people organize and use
knowledge? How is knowledge conventionalized into culture? Ward Goodenough, a
major figure in the development of cognitive anthropology, viewed culture as the shared
body of knowledge that is tacit and taken for granted. Anthropologists, in his view, need
to investigate the knowledge that one needs in order to behave in culturally appropriate
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ways, "what you have to know in order to operate as a member of the society"
(Keesing 1972a:302).
Cognitive anthropologists proposed that ernie categories should be investigated.
The terms ernie and etic were coined by the linguist Kenneth Pike. Pike made an analogy
between the ernie in phonemic and the etic in phonetic. He stressed, "the ernie structure
must correspond to the actor's 'purpose' during the observed performance" (Harris
1968:570). Since people order and categorize the world they experience "according to
their own unique cognitive code, an anthropological observer cannot legitimately
describe or classify events in that world in terms of his own folk or analytic categories"
(Keesing 1972a:303).
Early studies in ethnoscience were often simplistic and contributed little to the
understanding of complex, polysémie cognitive tasks people complete many times a day.
However, cognitive anthropologists have developed and expanded the early notions of
ethnoscience into a sophisticated view of the relationship between culture and human
cognition. Cognition is still viewed from an information-processing perspective in which
the mind structures and interprets events. Culture is comprised of the shared systems of
meaning and understanding that are communicated through language (D'Andrade 1990).
Thus, cognitive anthropologists, like their earlier ethnoscience forerunners, believe
underlying meanings and beliefs can be accessed through an analysis of language. This
mode of inquiry, seeking an understanding of the human mind, is a reaction to the
previous behaviorist research that was restricted to measuring the observable. Cognitive
anthropology has focused on the nature of symbols as cultural representations.
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Prototypes, schémas and models are all examples of the structured symbolic
expressions that cognitive anthropologists view necessary in order for humans to
understand and store information about the world.
Cognitive anthropologists analyze categories. They attempt to understand and
explain how people organize knowledge about their environment. After all, "much of the
order we perceive in the world is there only because we put it there" (Quinn and Holland
1987:3). A major finding which underpins many cognitive theories is that humans have
limited short-term memories. In a survey of lexical sets, such as an alphabet, verb
systems, pieces of a game, or phonemic systems, Anthony Wallace found that the number
of items in a system range from 14 to 50. Items are constrained to "a number smaller than
6

the number of items that can be discriminated by 2 binary bits of information"
(D'Andrade 1990:77). This finding has profound implications for the organization of
knowledge and has led to the concepts of chunking and prototypes.
Chunking and Prototypes:
Early cognitive work focused on kinship terms and taxonomies. Cognitive
scientists noticed that folk taxonomic systems adhere to the same memory limitations
described above. They rarely exceed more than five hierarchical levels and each node in a
level tends to hold less than 50 items. Despite these limitations, humans have learned to
package together previously formed structures and treat them as complex single objects.
This is called "chunking" (D'Andrade 1990:77). Chunking allows humans to
systematically organize their environment into simplified units or ideas.
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Do taxonomies really demonstrate how people categorize their world in
everyday life? As Randall (1976) elucidates, "just because an ethnographer can elicit by
careful questioning a large, extensive, taxonomic tree, this does not mean that informants
actually use any such cognitive schema" (D'Andrade 1989:804). Because of the human
cognitive economy, only a small proportion of the environment is lexicalized, only those
parts with special significance to people. Here-in lies the compromise: humans need
simple and formulaic symbols and they need to organize a great deal of information and
experiences with this limited number of symbols (D'Andrade 1989).
Once again, cognitive anthropologists turn to the concept of chunking. One way
to chunk complex information is to define each category with a prototype or exemplar.
According to D'Andrade (1990), people make judgments about the similarity distance
between an encountered object and a prototype. People place the object in the category
with the closest prototype.
Prototype research is often based on experiments surrounding the experience and
interpretation of colour. Often discussed in conjunction with the prototype theory is the
Sapir-Whorf hypothesis. The main tenets of this hypothesis are, first, that structural
differences between language systems will be paralleled by nonlinguistic cognitive
differences. Second, the structure of anyone's native language will strongly influence the
world-view. Kay and Kepton (1984), proposed a third aspect to the hypothesis: "semantic
systems of different languages vary without constraint" (1984:66).
The first two aspects of the hypothesis were initially demonstrated in an
experiment by Kay in 1969. The linguistic variables most often used in colour
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experiments are codability and communication accuracy. The nonlinguistic variable is
memory. Communication accuracy is displayed when one group of subjects are shown a
standardized set of colour chips. They are instructed to name each colour so that another
person, who speaks the same language, could pick it out of the array. Members from a
second group are then asked to pick out the colours according to the verbal description
given by the first group. The colours accurately picked out most often are said to have
communication accuracy (Kay and Kempton 1984).
To directly test the first statement in the Sapir-Whorf hypothesis, participants
from two different languages with distinct colour terminology were compared. English
speakers make a distinction between blue and green. The Tarahumara, of northern
Mexico, do not. The Tarahumara have one term, siyoname, which means blue or green.
In this experiment, participants had to judge the distance between colours. The blue green
boundary is defined as the wavelength at which an equal mixture of blue and green is
perceived (Kay and Kempton 1984). Kay notes that most languages have a word like
'grue' which does not separate green and blue. However, the speakers often make the
distinction of "grue like the grass" or "grue like the sky". Thus, Kay states that even if
they are not given separate terms, these categories are cognitively distinguished.
As predicted by the Sapir-Whorf hypothesis, the English speakers judged colour
difference based on lexical category boundaries; whereas, the Tarahumara were more
accurate in perceiving distance according to the actual difference determined by
wavelength. Kay and Kempton (1984) explained that the English speakers made a
decision based on a cognitive strategy, the name strategy. The participants are shown
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three colour chips simultaneously. When all three chips in the triad (A, B , C) are
similar, English speakers ask themselves, "Are there any other clues I might use? Aha! A
and B are called green while C is C A L L E D blue.. .I'll pick C as the most different" (Kay
and Kempton 1984:86). Conversely, the Tarahumara do not have this lexical distinction
and so this cognitive strategy is not available. This experiment appears to demonstrate the
Sapir-Whorf hypothesis.
A second experiment, however, mitigated these findings. When a device covered
either end chip of the triad, the name strategy was blocked. The English speakers now
made the same judgments as the Tarahumara. This seems to show that we "are not
hopelessly at the mercy of our language" (Kay and Kempton 1984:75). In addition, this
experiment seems to have disproved the third tenet, stating semantic systems vary
without constraint. Linguistic differences may cause nonlinguistic cognitive differences,
but only under certain conditions.
Limitations of a Cognitive Epistemology :
While cognitive anthropology has developed and changed since the nascence of
ethnoscience, criticisms toward the field continue to be expressed. Soon after the
inception of the cognitive paradigm, Roger Keesing expounded on its deficiencies. His
criticisms of cognitive anthropology centered on its spurious simplicity, its bent for
cultural exotica, the questionable creation of models, the cognitive fallacy, and a lack of
recognition for the political nature of models.
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Many skeptics have recognized that the complexities of the human mind are
often ignored in the artificially simplified investigations of kinship taxonomies that once
pervaded cognitive science. Keesing explains:
Cognitive anthropology has so far been an Alice in Wonderland
combination of sweepingly broad aspirations and ludicrously inadequate
means. We have been cheerfully and optimistically using high school
algebra to explore the most profound mysteries of the natural world
(1987:369).
Elsewhere he writes scathingly, "the most unfortunate result of the taxonomic
rummaging around in the surface stuff of culture is the illusion that one is really solving
the important problems..." (Keesing 1972a:312). Moreover, Keesing has referred to
kinship terminology as the anthropological Rosetta Stone; the code has not yet been
broken and is unable to provide insight into our complex social universe (Keesing
1972b).
One major problem with early studies in cognitive anthropology was the reliance
on unrealistically simplified and formulated social interactions. Instead of recognizing the
inherent polysémie nature of words, kinship studies made "the crucial problems of
semantics disappear from sight...by holding context constant" (Keesing 1972b: 18).
Language is reduced to a simplistic set of labels for things. By ignoring the multiple
meanings that words have in various contexts, cognitive anthropology provides little
insight into how these contexts aid people in interpreting messages. According to
Keesing, there is no "common denominator of meaning for a single word in all its senses"
(1972b:19).
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The cognitive revolution was a paradigm shift that changed twentieth century
research. Behaviorist approaches were increasingly unsatisfying as evidence mounted
against a stimulus-response explanation for behavior. Scientists desired a framework that
would allow them to investigate the unobservable. The early methods and objectives of
ethnoscience are criticized as simplistic and contrived, not reflecting natural human
behavior. Over the last three decades, cognitive anthropology has surfaced from its
inchoate ethnoscience roots. It now provides valuable insights into the multiple ways
humans organize the world around them.
Many critics of cognitive anthropology focus on the inadequacies of ethnoscience.
However, contemporary cognitive studies have modified these shortcomings. For
example, the simple taxonomies collected in early studies are now accompanied by
extensive qualitative methods such as participant observation and ethnographic
interviews. In addition, cognitive anthropology has always espoused an interdisciplinary
approach, bridging the gap between psychology, linguistics, and anthropology.
No paradigm has all the answers or asks all the right questions. As Kuhn (1962)
explained, science does not follow a linear path of progress. Since one paradigm cannot
satisfy the interests of every researcher, multiple approaches must be simultaneously
available. Despite its limitations, cognitive anthropology provides valuable insights into
the organization of knowledge and thought.
Arguing the arbitrary nature of symbols and de-emphasizing material culture,
cognitive anthropology is not a theory equipped to critically examine science itself. This
is because proponents of cognitive theory vehemently promote cognitive anthropology as
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a science. D'Andrade (1995) argues against those who attack the objectivity and
scientific nature of anthropology. He states "One result of the attempt to be objective to talk about the thing, not oneself - is that it is more likely that what one says can be
tested to see i f it is true or false" (1995: 400). D'Andrade describes the research of
moralists (those who question the objectivity of anthropology) as "estheticized journalism
and moralistic pampthleteering". Clearly, cognitive anthropology does not provide me
with the tools to analyze science. Thus, in addition to cognitive anthropology, this thesis
draws on a second theoretical tradition, that of science studies. With an emphasis on
practice and the nature of objects, the sociology of science provides a framework through
which I am able examine science. The epistemological tradition in science studies
encourages a researcher to focus on material culture, such as the magnetic resonance
image. Boundary objects, standardized packages, and anchoring devices are theoretical
tools through which the material culture of science can be attended.

FACILITATING T R A N S L A T I O N : B O U N D A R Y OBJECTS, S T A N D A R D I Z E D
P A C K A G E S , A N D A N C H O R I N G DEVICES:
"...Translation is a process, never a completed accomplishment..." (Callón 1986:196)
Recent studies have highlighted the cultural dimensions of scientific and medical
knowledge (Latour 1981, 1983; Lowy 1996, Traweek 1988a, 1988b, Fujimura 1992,
Callón 1986, Lynch 1985; Knorr-Cetina 1983, 1992; Hine 2001; Kay 2001). Many of
these researchers agree with the claims of social constructivism; "all scientific knowledge
is constructed by scientists because no observation is free from the observer's theoretical
notions and preconceived ideas" (Lowy 1996:20). This highlights the anti-realist position
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of epistemic relativism which states that "all knowledge is rooted in a particular time
and culture" (Knorr-Cetina and Mulkay 1983:5). However, the claim that "all forms of
knowledge Eire equally valid" (ibid), or judgmental relativism, is not a necessary
conclusion based on the first statement. Thus, sociological and anthropological research
in the area of science studies focuses on uncovering how, in what ways and to what
degree, scientific knowledge is cultural.
Anselm Strauss (1978) describes the social world perspective, "arguing the
collective and communicative aspects of reference groups" (1978:119). In this
perspective, boundaries are inscribed around cultural areas based on the limits of
effective communication. Each social world is recognized through its primary activity,
sites, and particular technology. Most importantly, however, social worlds intersect
(Strauss 1978). This process of intersection enables knowledge translation to occur. A
closer investigation of the utilization of boundary objects, standardized packages, and
anchoring devices will highlight aspects of this translation process that blur the borders of
social worlds.
Boundary Objects:
Boundary objects can be abstract or they can be physical; they are called
boundary objects because they traverse the boundaries between social worlds. For
example, the Magnetic Resonance Image (MRI) is a boundary object, as it is integrated
into the activities of both scientists and clinicians. The most often cited article
concerning the study of boundary objects is the 1989 paper by Star and Griesemer on the
Berkeley Museum of Vertebrate Zoology. In this paper an ecological viewpoint is

31
promoted, attempting to see the world through the eyes of each participant, avoiding
the amplification or silencing of any particular gaze. Because of the heterogeneous
quality of scientific work, the creation of new knowledge depends on cooperation and
common understandings. Boundary objects, described as "adaptable to different
viewpoints and robust enough to maintain identity across them" (Star and Griesemer
1989:387), provide a medium for developing common understandings.
According to Star and Griesemer, translation is indeterminate because of the
indefinite number of ways in which social worlds can collide and interact. Each social
world must defend its claim as an obligatory passage point against the threat of numerous
other possible translations (Star and Griesemer 1989). The authors demonstrate that
Joseph Grinnell, director of Berkeley's Museum of Vertebrate Zoology, was able to
manipulate boundary objects and establish standardized methods in the creation of the
museum. Since objects can have multiple meanings in differing social worlds, the
development of boundary objects and standardized methods bolster the management of
divergent meanings. Star and Griesemer describe boundary objects thus:
They are weakly structured in common use, and become strongly
structured in individual use. These objects may be abstract or concrete.
They have different meanings in different social worlds but their
structure is common enough to more than one world to make them
recognizable, a means of translation (1989:393).
California is one example of a boundary object; Grinnell decided that the museum
would concentrate specifically on animal specimens found within California. The state
was a common denominator and means of translation between a variety of people from
divergent social worlds who contributed to the museum: amateur naturalists, professional
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biologists, conservationists, university bureaucrats, the general public, taxidermists,
even animal specimens themselves. Operating in multiple social worlds, the state of
California had a slightly different meaning for each actor; for example, it became a
laboratory for Grinnell, supported the mandate of the university administration, and
simultaneously satisfied the amateur naturalist's interest in conservation (Star and
Griesemer 1989). Thus, the boundary object of California united a variety of people
around the creation of the museum; the state of California became an anchor for a wide
range of interests.
Grinnell also imposed a standardized methodology for the complex tasks involved
in museum work. These methods became the lingua franca between social worlds. In
addition, by emphasizing "how" instead of why or what, "method standardization both
makes information compatible and allows for a longer 'reach' across divergent worlds"
(Star and Griesemer 1989). In this way, standardized methods are incorporated into, and
link together, divergent and even contradictory theories.
The concept of boundary object has appeared several investigations since Star and
Griesemer's article. For example, Lowy (1996) conducted ethnographic research in a
cancer ward and found that tumour-killing T-cells were boundary objects which linked
scientists and clinicians, developing an intermediary zone. She found that since everyone
used terms like cytotoxic T-cells; "it was automatically assumed that everyone attributed
the same meaning to these terms" (Lowy 1996:251). Lowy described these boundary
objects as having a double function in establishing inter-group alliances and facilitating
cognitive interaction between different professional cultures.
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Boundary objects are also a key concept in the work of Duncker (2001), who
discusses the symbolic aspects of communication in multidisciplinary research. He
describes symbolic communication as enabling "cooperation across sites without a deep
comprehension of each other's work" (Duncker 2001: 355). Duncker uses the example of
a multidisciplinary project involving chemists, physicists, and engineers. The first feature
of symbolic communication that Duncker recognizes is inter subjectivity, in which
meanings of objects are shared by others and provide a coordinating framework for
communication. He states that local meanings must be stripped from boundary objects to
facilitate movement through various contexts. Thus, the objects become standardized
between social worlds but highly idiosyncratic within any particular milieu. Therefore, "a
central tension emerges between abstract representations, on the one hand, and concrete
real-time work, on the other" (Duncker 2001: 357). This tension may be reduced via the
second feature of symbolic communication, interlanguages or symbolic repertoires.
Symbolic repertoires consist of "less complex symbols... [which] provide a
common representational ground to all members of a given cultural group" (Duncker
2001: 355). Simplified generic repertoires are established to avoid abstract and esoteric
repertoires that are incommensurable to other subcultures. For example, Duncker reports
that mathematics was widely used by all members in his research collaboration.
Mathematics was a familiar lingua franca and "was transferable from one practice to
another because it was highly standardized" (Duncker 2001: 366). Duncker describes the
process of translation as beginning with the use of very generic repertoires, evolving into
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semi-specific repertoires, the creation of listeners and speaker's dictionaries, and
sometimes resulting in a hybrid repertoire.
In the listener's dictionary, a person passively transforms "statements that are
strange to himself or herself but familiar to others into statements that are familiar to him
or her and strange to others" (Duncker 2001: 369). Conversely, in the speaker's
dictionary, one actively transforms familiar statements into statements that are strange to
one's self but familiar to others. In Duncker's research example, the physicists explained
their meanings in terms of the symbolic representations used by the chemists, and thus
avoided esoteric and confusing physical terms. However, it is important to recognize that
only a small portion of the physicists' information was transformed, as all participants
struggled to close "leaky black boxes" (Latour 1981:285), to reduce unnecessary
complexity. If enough time were permitted, the chemists and physicists may have created
a hybrid repertoire; such repertoires "emerge as cognitive coordinating structures...and
imply relatively symmetric use across sites" (Duncker 2001: 380).
According to Duncker, creating a mutually intelligible means of communication
across sites through a common repertoire is key to translation. This hybrid repertoire
serves to facilitate and accompany the use of boundary objects, bridging social worlds.
Standardized Packages:
Fujimura (1992) constructed the concept of standardized packages, contributing to
the discussion on boundary objects and translation. A standardized package is a
combination of standardized methods (e.g. particular technologies) and boundary objects.
Fujimura straddles both Star and Griesemer and Latour in her idea of standardized
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packages; she combines both the focus on multiple viewpoints and the emphasis on
fact stabilization. Because boundary objects are "easily reconstructed in different local
situations to fit local needs" (Fujimura 1992:169), they interfere with the stabilization of
facts. In response to this conundrum, Fujimura's standardized package combines several
boundary objects with standardized methods and an over-arching theory.
In her article, Fujimura provides the example of the oncogene theory and
standardized molecular genetic technologies that "created a formidable package for
further translations to produce a new and highly privileged genetic representation of
cancer" (Fujimura 1992:170). Packages are less abstract and less ambiguous than
boundary objects; they are more restrictive yet allow for cooperation between social
worlds. Fujimura proposes that standardized packages were central in the development of
the "molecular biological bandwagon in cancer research" (Fujimura 1992:176). She
argues that the theory and methods reorganized work without challenging previous
commitments of various scientists.
Fujimura explains that the proto-oncogene theory was abstract enough to fit the
agendas of different researchers; meanwhile the standardized technological method of
recombinant D N A provided portability between laboratories. Boundary objects such as
"cells" or "cancer" are concepts that are used loosely and are mutable across sites. The
development of standardized tools such as genetic databases and probes anchored the
oncogene theory as the new representation of cancer accepted across laboratories, a
cancer consisting of normal cellular genes.
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During the development of Berkeley's Museum of Vertebrate Zoology,
Grinnell focused on the standardization of methods but eschewed a robust common
theory; conversely, the oncogene theorists combined theory with standardized methods in
what Fujimura calls a standardized package. In this process, "each world is changed in
some manner, yet each also maintains its uniqueness and integrity in the construction and
adoption of the standardized package..." (Fujimura 1992:203).
Anchoring Devices:
Another translational phenomenon is what van der Sluijs, Eijndhoven, Shackley,
and Wynne (1998) call anchoring devices. A n anchoring devices is a "boundary object
which exhibits inertia and helps stabilize flux in a socio-scientific domain" (van der
Sluijs et al 1998:316), preventing the primary scientific case from drifting. These authors
offer the example of a specific range of temperatures for climate sensitivity which has
remained unchanged for decades. This stable temperature range has become an anchor
while other knowledge surrounding climate has changed dramatically; the range is
consistent across boundaries but may have different local meanings and yield distinct
interpretations. Thus, anchoring devices provide stability amidst plurality.
Boundary objects, central to the ideas of standardized packages and anchoring
devices, are useful for comparing the cognitive aspects of culture between clinicians and
basic scientists. A n ethnographic approach allows one to analyze elements of cognitive
culture at the micro-level.
The preceding examples of boundary objects, standardized packages, and
anchoring devices attest to the importance of translation between various social worlds in

a variety of scientific contexts. One is reminded of the constant negotiation involved in
the ongoing processes of translation, in which various actors in this communicative
process are continually challenging knowledge and truth. Boundary objects and
standardized methods play a key role in establishing and maintaining communication,
bridging multiple social worlds, and inciting the development of translation.
This concept of boundary objects is integral to this research on scientists and
clinicians. This research identifies five boundary objects (the MRI, the neurological
patient, the CNS disease, neurological diagnosis, and the brain) and then compares how
these boundary objects are cognitively constructed in each professional group (MRI
scientists and M S clinicians). Thus, by integrating the concept of boundary objects with
a cognitive perspective, this research highlights areas of similarity and difference
between these two medical professions. As mentioned, cognitive anthropologists are
concerned with situating themselves within a scientific discipline based on objectivity
and factuality; the tools from the social studies of science allow me to analyze science in
a way that cognitive anthropology does not. This chapter has introduced the two
theoretical areas that framed my fieldwork experience. The next chapter explains the
qualitative methodology used in this research.

CHAPTER 3: QUALITATIVE METHODOLOGY
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Berg (2001: 3) describes qualitative research as referring to ".. .the meanings,
concepts, definitions, characteristics, metaphors, symbols, and descriptions of things".
Many qualitative methods have been developed to capture these meanings, concepts and
descriptions of things, including interviews and participant observation. In this research
data was gathered through interviews and participant observation. These methods
identified the culturally idiosyncratic organization of fundamental concepts; such an
awareness of patterns and organization is central to understanding cognitive frameworks.
INTERVIEWS:
Throughout the fieldwork, unstructured and semi-structured interviews were
conducted with clinicians and scientists. Unstructured interviews resemble a friendly
conversation. They begin with the assumption that the researcher does not know in
advance all of the important questions. These interviews allowed me to gain additional
information that was used to triangulate observations. Instead of utilizing a formally
structured schedule of interview questions, in the unstructured interview the researcher
develops and adapts appropriate and relevant questions that arise from interactions during
the interview itself (Berg 2001). These interviews were recorded in field notes, and later
analyzed to develop semi-structured interview questions.
Unstructured interviews took place early on in my fieldwork; in contrast, semistructured interviews commenced three months afterwards. I found unstructured
interviews to be analogous to the participation end of the participant-observation
continuum. Interviews were often conducted without the participant knowing it was an
interview. For example, near the beginning of my research I followed a scientist around
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for a few days. He enjoyed teaching and explaining his daily activities. Sometimes he
interacted with other scientists and clinicians, at which time I simply observed and take
notes. At other times, however, we had 45-60 minute periods of discussion in which I
asked questions about his activities and he provided detailed answers. M y questions
arose as a result of his different activities, as opposed to being planned.
I gained initial knowledge about scientists and clinicians through these methods.
Moreover, these unstructured interviews helped me develop a level of rapport with the
participants, thus easing my nervousness and contributing to a more relaxed and
comfortable atmosphere during the subsequent semi-structured interviews.
Semi-structured interviews were based on an interview guide consisting of
questions covered in a particular order. In these interviews the interviewer has the
freedom to digress and probe further based on the responses of the informant. The
interview questions were formulated in words and jargon familiar to the participants. A l l
interviews were recorded with the prior permission of each participant; they typically
lasted 30 to 45 minutes.
I tried to convey to the participants that they were the experts who had a great
degree of knowledge and insight into their culture and that any information they offered
was relevant and invaluable to this project. While individuals within these particular
groups of professionals are extremely busy, openly talking with an interested outsider is
often a cathartic and rewarding experience for the participant. The interview encounter
allowed them to take a break from their usual routine and to reflect on their experiences
in their environment. As an anthropologist, I occupied the position of an outsider; the
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interview provided a confidential encounter in which informants could candidly reflect
on their professional life.
Questions:
I began each interview with a grand tour descriptive question. Descriptive
questions allow the researcher to collect a sample of the informant's language and the
responses provide a great deal of information about a particular cultural scene. Grand tour
questions allowed the informants to walk me through their environment in great detail.
These questions were used to explore space, time, events, people, activities, and objects.
An example of a grand tour question I often asked is, "Can you describe a typical day
here at the hospital for me? What activities do you do from the time you arrive until the
time you leave?"
A mini-tour question is similar to a grand tour question except that a smaller unit
of experience is dealt with, to clarify in detail an aspect of a grand tour question. These
questions were helpful in probing about a specific aspect of the grand tour question. For
example, in one of my interviews, the participant was explaining all of her activities. She
mentioned a meeting that I was not aware of and so I asked her to describe this meeting
in more detail.
The contrast question was also useful in determining how terms were related to
one another. Contrast questions identify differences and similarities between symbols
1

(Spradley 1979). For example, I asked, "Can you tell me the difference between a T and
2

T weighted image?"
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PARTICIPANT O B S E R V A T I O N :
Inevitably, at some point during fieldwork, most anthropologists become
participants in the activities they so carefully scrutinize. Our bodies, hands, voices, and
sometimes even our opinions are pulled into the field of view. Participant observation
was the first and primary source of data for my research. Upon entering the field, I was
not familiar with any of the people working in basic science or in the M S clinic and I
knew very little about their activities. Initially, participant observation allowed me to
become familiar with the setting and people at my field site and to develop a greater
understanding of what they did at work. At certain times my presence was restricted.
For example, in the beginning I found it very difficult to observe clinicians while they
were seeing patients in the M S clinic. It took one month before I was allowed to conduct
participant observation in the clinic. Once access was gained, however, the clinic
provided a wealth of data. I was allowed to attend clinical trials in the infusion room
with the nurses, patients, and the trials coordinator. I was also invited to observe senior
clinicians performing neurological exams.
Perhaps the most obvious way in which I was a participant was in the clinical
trials infusion room. The nurses were short-staffed; in fact, two nurses quit near the
beginning of my field research. I helped out with various tasks. M y name appears in
patient charts as a witness to conversations about consent for clinical trials; I was asked
to help with some of the testing of M S patients' walking abilities. I was also a sounding
board to relatives of M S patients who sat in the waiting room with me as their loved ones
were taken into the exam room.
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Multiple data-gathering techniques, such as interviews and participant
observation, are a form of triangulation. Triangulation increases the depth of an
investigator's understanding. According to Denzin (1978: 28), "because each method
reveals different aspects of empirical reality, multiple methods of observations must be
employed". Thus, participant observation allowed me to check whether interview
responses matched with informant behavior.
SAMPLING:
I used a systematic sampling strategy referred to as purposive sampling.
Individuals with extensive knowledge and expertise in each cultural domain were
interviewed and observed. Although this sampling strategy lacks wide generalizability, it
is useful to ensure that individuals with certain attributes are included in the study (Berg
2001). In my research, I focused on clinicians in the multiple sclerosis team at the
hospital and basic scientists in the adjoining M R Research Center. In total, I had regular
contact with about 50 people, 25 scientists and 25 clinicians. Semi-structured interviews
were time consuming and were conducted with six scientists and three clinicians, all of
whom worked in the area of multiple sclerosis. However, unstructured interviews were
conducted with a wide variety of participants in both professional groups.
PARTICIPATION IN E V E N T S :
M y fieldwork was conducted between the months of April - September 2003.
Initial contact was established in early April with one of the senior basic scientists in
MRI. I attended a public lecture he gave on MRI and introduced myself and my thesis
topic after the presentation. He was familiar with other anthropologists from the

University of Calgary who had previously completed work on knowledge translation in
the department of clinical neurosciences. I was introduced to another senior basic
scientist in MRI whose area of work was M S . I was invited to start attending weekly
journal club meetings on Monday mornings and Grand Rounds on Friday mornings.
Journal club meetings were attended by approximately 30 people (students, post-docs,
and M R scientists). This became an important meeting for collecting data throughout my
fieldwork. I was given free access to the basic scientists in MRI and began following
them in their day-to-day work in May.
In late April, I attended Grand Rounds for the first time with one of the
anthropologists who had previously researched knowledge translation in clinical
neurosciences. This anthropologist introduced me to a key informant, a clinician who is
the head of the MS clinic. She invited me to two of her weekly meetings, one with her
research group and one meeting with her nurses and clinical trials director. I attended
these meetings each Monday. Unfortunately, I was not given permission to follow this
clinician around while she was on service, as I had hoped. (Service is part of the
clinician's teaching duties in which medical students follow the clinician on patient
rounds.) I was, however, allowed to pursue participant observation in the MS clinic
infusion room, with the nurses and trials coordinator, and during patient neurological
exams with clinicians.
NVIVO SOFTWARE A N D QUALITATIVE ANALYSIS:
While analyzing data, it is important to keep questions open. This allows the
researcher to be informed by the data, redirected and surprised. It is essential to hold on
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to the context of data in order to revisit, rethink, and reinterpret the data as one
becomes more familiar with what is going on. As the researcher begins to explore a topic,
write a proposal or literature reviews, the project is already underway. Nvivo helps the
researcher store all these early thoughts and ideas, and related articles or essays so that he
or she can repeatedly review them during the research process; the project is built up
from these ideas.
Nvivo is a qualitative software program that helps the researcher to organize
different types of data. Used appropriately, Nvivo saves time. I electronically entered all
of my field notes, transcribed interview material, and email contact with scientists and
clinicians into the Nvivo program. One major advantage of using Nvivo is in the coding
process. Coding has both an organizational and an analytic role. Coding is used to
identify topics, themes, or issues and to bring together the data segments where these
occur. It helps the researcher generate concepts and follow hunches. Traditional manual
coding requires highlighters and making several photocopies of the same section i f it is
coded in many different ways. Nvivo saves time by allowing the researcher to easily pull
together related sections from many different documents.
In Nvivo, a code is called a Node. These nodes are not cut away from the original
data but rather they can be seen in context. For example, in my research, I coded every
area in the data where magnetic resonance imaging was discussed. I could then do a
search at that node and the program would pull together all of the sections. I was able to
read the data surrounding any particular section, so that the information remained in the
larger context. This process was extremely helpful and efficient when I analyzed the
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qualitative data and subsequently developed the semantic differential for the
quantitative study.
LIMITATIONS:
My access to clinical activities was limited upon entering the field. I had
difficulty accessing many routines. For example, I wanted to follow the head clinician in
M S while she was "on service". Being on service is one of the clinicians' responsibilities
as an academic affiliated with the faculty of medicine at the university. While on service,
the clinicians take teams of medical students on patient rounds in the hospital, assessing
student knowledge and providing students with first-hand experience of patient care. I
wanted to be involved in this activity as I suspected that the students might ask questions
that would reveal some of the senior clinicians' underlying assumptions. My request to
be involved, however, was refused.
One of the most severe limitations of this project was that my fieldwork took
place during the summer when most meetings between scientists and clinicians stopped.
Thus, I was restricted to studying each group separately, instead of analyzing their
interactions with one another. This is not to say that scientists and clinicians ceased all
contact with each other for the duration of the summer. Rather, their communication
took place primarily through email or in occasional, spontaneous visits. If the regular
meetings had continued through the summer, I would have been able to gather interesting
data on the process of knowledge translation, comparing how people communicated with
members of their own professional group versus how they interacted with members of the
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other group. As a result of this limitation, I was only able to study knowledge
translation indirectly, by gathering information on the use of shared boundary objects.
I was hoping to gain information from a large sample of scientists and clinicians
using the semantic differential (See Chapter 6) in order to compare beliefs and ideas
about the five boundary objects in many different disease areas (headache, cancer, MS,
stroke, epilepsy, etc.). I also hoped that a variety of technicians and nurses would
complete the semantic differential so that I could examine the cognitive similarities and
differences between members within the clinical culture. It became apparent that I was
not going to gain access to all of the different groups of people. Very few technicians and
nurses filled out the semantic differential; as well, hundreds of scales would have had to
be returned in order to gather enough data to compare between disease areas. Thus, the
semantic differential instrument remained limited to comparing scientists and clinicians.
Another concern is that the balance of scientists and clinicians in the study
samples for the qualitative and quantitative methods is different. I had greater access to
the scientists during the qualitative research and thus the semantic differential was
developed from data that may reflect the scientists more than the clinicians. However,
the quantitative study attracted participation from a greater number of clinicians than
scientists. In an ideal study, there would have been an equal number of scientists and
clinicians participating in both the qualitative and quantitative aspects of the project.
This chapter has outlined the interview process as well as participant observation
and the use of Nvivo software. Some of the limitations to this research have also been
discussed. The next chapter explores the qualitative results.
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CHAHPTER 4

SKETCHING THE SOCIAL WORLDS OF SCIENTISTS AND CLINICIANS: A
QUALTIT ATIVE ANALYSIS

This chapter begins with a description of the study population. Who are the
participants? What do they do in their daily routines? Where and when do these activities
take place? In addition, the chapter highlights the multiple forms of time and space in
which individuals are simultaneously engaged.
Following the discussion of time and space, I provide a description of salient
objects and concepts as they exist in the social worlds of scientists and clinicians: the
magnetic resonance image, the neurological patient, the neurological diagnosis, CNS
disease, and the brain. These five concepts are based on a cognitive task in which I
asked scientists and clinicians to list anything they felt was associated with the phrase,
"magnetic resonance imaging"; these five concepts frequently appeared on lists in both
professional groups. These salient concepts are the same objects analyzed in the
quantitative chapter to follow (See Chapter 6). Thus, participant observation had an
exploratory dimension and guided the quantitative construction of five boundary objects.
THE SETTING:
M y research took place in a Canadian city with a large population. Data were
collected from April to November 2003, but concentrated especially during the summer
months of June, July, and August. The field site, located in a large research and teaching
hospital, consisted of an M R I research center, a multiple sclerosis (MS) Clinic, the Grand
Rounds lecture theatre, the neurology floor in the hospital, a small conference room, and
various classrooms in which journal clubs were held. Occasionally, interviews were
conducted at a table outside the medical cafeteria in the educational atrium. A l l of these
locations are situated together in a large medical complex.
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The study group:
The study group consisted of a core of approximately 50 people (25 scientists and
25 clinicians). These are the individuals with whom I had repeated conversations,
followed around on their daily routines, and who were present at many of the meetings I
attended. However, over 100 people are listed and given pseudonyms at the back of my
field notebook. The professional group that I label "scientists" consists of all the people
working in the MRI center on a regular basis. This includes summer students who are
completing an undergraduate degree in math or physics, graduate students (Master's level
and PhD), post doctoral fellows, several people who have a PhD in physics but are not
faculty members, and the senior scientists who do have faculty appointments at the
university.
Like the scientists, people in the clinical group vary in their ages and education
levels. Some of the people in this group are currently completing an undergraduate
degree and plan to subsequently attend medical school. Others have completed an
undergraduate degree in public health or a health related field, and are involved in
clinical research projects, or are involved with testing patients in clinical trials. There are
several nurses in the clinic who primarily work with patients involved in clinical trials.
There are also receptionists, secretaries, and technicians who organize patient charts and
clinical schedules. Clinicians include clinical fellows and junior clinicians who see
patients in the M S clinic along side six neurologist who are considered to be senior
clinicians. Only one of the six senior neurologists is a woman; however, excluding the
senior clinicians, almost all of the other people in the clinical group are women. As with
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the senior scientists, clinicians are employees of both the local health region and the
university. The lab coats in the M S clinic had the name of the university embroidered on
the front pocket.
The MRI Scientists:
Scientists have two institutional affiliations: the university and the local health
region. When I first contacted one of the senior scientists to ask i f I could conduct
fieldwork, he handed me his double-sided business card. On the one side of the card, it
reads "Faculty of Medicine, Associate Professor, Departments of Radiology and Clinical
Neurosciences" and contains the university logo in the top left corner. The other side
illustrates the local health region's emblem; under his name is written "Medial Physicist"
and the name of the hospital is given as a contact address. Conference posters presented
by scientists contained two crests to identify their institutional affiliations: the university
crest and the emblem signifying the local health region. However, scientists are rarely
seen on the main campus of the university as their research is tied closely to the hospital.
The daily activities of most scientists are typically isolated to the M R research center and
the adjacent medical education building. This education building is the sight of the
science journal club and it contains the medical library, often frequented by the science
graduate students. (The places which scientists occupy will be further described below in
the section devoted to space.)
People working at the M R I center represent a diverse range of ethnic
backgrounds. During my fieldwork, there were two visiting scholars in the center, one
from Korea and the other from Spain. Four of the graduate students are from China.
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Two people in the center were trained as medical radiologists in China; however, they
are now working in basic science because they are not considered qualified to practice as
clinicians in Canada. As a result, these two individuals demonstrated a stronger
relationship with the clinicians in M S , compared to the other scientists. The two head
scientists, both in their early 40's, received their PhD's from the same institution in
Ontario, taught by the same professors, and nurtured in the same academic environment.
Thus, while there is ethnic diversity in the center, the leaders have a uniform and
coherent view on the way things should be done in the M R I facility.
The group that I label MRI scientists consists of three basic roles: scientists,
students, and employees. Many of the younger people frequently socialize on the
weekends or in the evenings and a few of them live together in the same house. As well,
senior scientists foster camaraderie in the center by hosting parties, organizing summer
hiking days, and holding a winter hockey pool. Senior scientists also occasionally invite
students and employees to a near-by pub after work.
The two senior scientists, both male, typically wear a collared shirt with dress
pants, seldom donning a tie or jacket. By noon, shirtsleeves are rolled up to the elbows
and the backs of their shirts are wrinkled and sweaty from sitting in a chair in front of a
computer all morning. Sometimes, one of the senior scientists wears a long white lab
coat with bright yellow ear plugs draped loosely around his neck, indicating he has been
imaging rodents on the experimental 9 Tesla MRI. The other senior scientist is never
dressed in a lab coat, as he is not involved in collecting the image data. Both carry palmpilots that are swiftly and frequently pulled from pant pockets during journal club
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announcements when upcoming meetings and speakers are made known. The students
and employees in the center are very casual, wearing jeans and t-shirts or sweaters and
carrying backpacks. Typically, the senior scientists carry brief cases.
The Clinical Group:
The clinicians in this study are not typical, as they are actively involved in
research and clinical trials in addition to regular patient care. Roles in the clinical group
include medical doctors, students, researchers, and nurses. Daily routines take clinicians
to a diversity of spaces in the health complex. Clinicians travel a lot. Their activities are
far more dispersed in space as compared with the scientists. The MS clinic is on the
ground floor of the main hospital; the clinical research rooms are located on the third
floor of a different building and some of the clinicians' offices were located on the 12

th

floor of the main hospital. Clinicians can also be found in lecture theaters in the
education building at the opposite end of the hospital, and very rarely in the MRI center.
Two of the people in the clinical group were formerly practicing clinicians in
Romania and both are trying to be admitted to a residency program in Canada. However,
the English requirements are prohibitive. Some of the younger people in the clinical
setting are friends and get together outside of work hours. For example, two women are
on the same soccer team. As well, the senior clinician encourages a friendly environment
by holding small birthday parties at lunch for staff members. The senior clinician also
hosted a summer party at her home during the beginning of my fieldwork.
TEMPORAL ORGANIZATION:
st

"I'm not late; I still have 30 seconds" (technician - May 21 , 2003).
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"They want infinite signal to noise, a perfect image.. .and they want it yesterday"
st

(Radiologists' Mantra as described by a scientist, May 21 , 2003).
"Time is not prior to social life, but rather it is made out of social action. Time,
culture, and the ongoing processes of organizational life in which they are embedded are
inseparable" (Dubinskas 1988:19). One of the most obvious differences between
scientists and clinicians is how they organize time. Few scientists work on the weekend.
Occasionally scientists book the MRI to scan animals on a Saturday or Sunday; however,
scientists are usually at work from Monday to Friday, between 9:00 am and 5:00 pm. At
work these scientists are busy; overall, however, they were accessible. For example, it
typically took between one to two weeks between the time I asked for an interview with a
scientist and the time of the interview. Conversely with clinicians, I waited from six to
eight weeks and even then, the interviews were often rescheduled or postponed to a later
date. One clinician took four months to respond to my request for an interview. It was
not as easy for clinicians to schedule aside 30-45 minutes in advance for an interview.
This is not to say that they did not have 30 minutes free in the six to eight weeks before
the interview. Rather, clinicians are able to steal away small intervals of time when
patients unexpectedly miss an appointment or a meeting is cancelled; they are unable to
anticipate when this time will occur or for how long it will last. Thus, the scientists have
more control over their daily schedule than do the clinicians.
Scientists also deal with time as a factor in MRI. In an analysis of texture in
lesions, some of the scientists scanned patients at 30-day intervals. ".. .In this study we
do reverse time from 60 days to day 30. In clinic they can only go forward. They don't
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th

have the luxury of subtracting current time from future time" (July 7 , 2003). Thus,
the scientists experience time as a variable to be manipulated. Clinicians, experience
"real-time" in the hospital environment, where they are always looking ahead to the next
patient sitting in the waiting room. Clinicians cannot turn back the clocks in the same
way that scientists can.
Time is measured in seconds in MRI, such small intervals that it almost seems
static. Time is defined by the means of acquiring an image. For example, i f an image is
1

T weighted (time 1), it means that there is contrast agent (which shows up bright in the
final image) present in time one but not time two. The decay time, or relaxation time, of
the signal determines the values of time one and time two and it also depends on the
strength of the magnetic field. This decay time also varies with different tissues. Thus,
time is a variable that can be manipulated in an experiment.
A science graduate student tried to explain the concept of echoes to two summer
students. He drew X and Y axes on a piece of paper and then drew a normal bell curve,
bisected by the Y axis. He said that the part of the curve that was in negative X space
represented negative time. "But you can't measure negative time. So what they do is use
echoes.. .it's one of those mysterious things, one of those quantum physics things" (June
th

10 , 2003). Thus, scientists conduct research using an abstract, hypothetical concept of
time.
The clinicians, by contrast, don't see time in small, manipulated, reversible
chunks. Time moves very quickly in the clinic. I witnessed an interaction between two
clinicians who were feeling frustrated and stressed by time:

Clinician 1 : "Time goes by fast; what can I do?"
Clinician 2: "And this is only one patient; you wanted to do four!"
Clinician 1 : "Well, in emergency I would work 24-hour shifts and see 100
patients; some of them needed fibrillation..."
Clinician 2: "But if you have a choice..."
Clinician 1 : "Theoretically, I have a lot of choices. But practically I don't
have any. I'm under pressure." (July 9 , 2003).
th

Clinicians complained that they felt frustrated because they "don't like wasting valuable
time" (September 22, 2003). The head clinician in the M S clinic described her workday
to me. After her description of her activities between 8:00 am and 5:00 pm she said,
"Well, I mean everybody gives me tasks.. .but I never get time to actually do anything.
So I end up doing them, you know, at midnight or something. So, do you want my real
th

day?" (October 7 , 2003) I said that I wanted to hear about her "real day" and she
continued, "Oh, well, the real day. O.K. Well, I'm here now and at 6:30 I'm picking up a
person we're trying to recruit.. .Last night after the kids went to bed, which was about
10:00 pm, I spent three hours working on a manuscript..."
When the clinician quoted above tried to go on holiday for two weeks, I saw her
repeatedly with patients at work. One of her colleagues said that she is too busy and
cannot really leave for very long. One of the senior scientists, in contrast, left for a
month over the summer during my fieldwork and I did not see him at all during this time.
On other occasions, junior staff members in the clinic told me they sometimes
stayed at work until 9:00 pm. Often when I arrived in the morning for clinical trials, the
nurses said they were there at 7:30 am. For clinicians, there are many activities which
must be completed before the end of each day; conversely, with the scientists there is less
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of a sense of urgency. At 5:00 pm the scientists leave and whatever activities are not
finished will wait until the next day.
The scientists recognize the differences between their own experience of time and
that of the clinicians. One scientist explained, "There are a lot of good algorithms but
th

they're too slow to be clinically relevant" (June 16 , 2003). He explained that in the
operating room they have five minutes to run the computer programs, "after that the
th

clinicians won't wait any longer" (June 16 , 2003). One clinician expressed frustration
with the scientists; she said she had sent a scientist some documents and it took him two
months to get back to her.
The MRI facilities that are used for each clinical trial in multiple sclerosis are
determined by time as well. A clinician explained to me that they use a private MRI
facility "because the scan time here is a nightmare and the lag-time here is terrible" (July
th

9 , 2003). She said they use the private clinic, "because it's much faster." One of the
clinicians described her frustration with trying to access the research MRJ (that scientists
use) for a clinical trial. "I told him I needed it last week. He still hasn't gotten back to
me. I'm pretty sure we're going with the private clinic if he doesn't have it today. I told
th

him" (June 16 , 2003). Thus, when clinicians and scientists interact, their different
experiences of time can cause behavior that is inappropriate for the other group. The
scientist, who did not respond immediately, acted in a manner considered acceptable
within his own professional group; however, appropriate behavior in the clinical
profession requires a different understanding and experience of time.
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The juxtaposition of two different time orientations in groups that interact with
one another has been noted by Barley (1988). Barley (1988, 1986) described how the
introduction of CT scanners changed the interactions between technicians and clinicians
in two radiology departments. This new technology affected the structuring of time,
space, and power relationships. Barley outlines the concepts of temporal symmetry and
asymmetry. Symmetry occurs when actors share common patterns of time. For example,
the structural aspects of time, such as sequence of events, duration, rates of occurrence,
and when activities happen, are shared. This in turn leads to shared, interpretive aspects
of time; in other words, people are able to judge whether they "are wrong, whether they
have done a good job, or whether others have acted responsibly" (Barley 1988: 129).
Conflict arises when multiple groups within an organization operate according to
alternative temporal frameworks. Barley continues to explain that, "any merging of
actors who subscribe to different temporal orders will carry the possibility of conflict"
(1988:160). Thus, it seems that some conflicts that arise between scientists and clinicians
can be explained by this concept of temporal asymmetry. Scientists and clinicians
structure time differently and, therefore, expectations about time vary between these
professional groups.
Dubinskas (1988) found similar diversity in the cultural construction of time
between scientist and managers in genetic engineering firms. In the example of long- and
short-term "planning time", the managers describe themselves as more concerned with
the realism of attaining immediate milestones. Conversely, the scientists emphasize the
open-endedness of their temporal frames. Scientists were frustrated by managerial
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demands for meeting milestones which were said to "contradict the very essence of
their work toward 'discovery'..." (Dubinskas 1988: 196). Thus, Dubinskas' study
corroborates my observations of divergent temporal orientations within an organization.
Time is also an important element of clinical charting. A senior clinician said,
"You need to record who changed what and when, when, when is the most important"
(June 9*, 2003). The nurses in the infusion room always carefully documented the time
that they took a patient's blood or the time they gave a patient a medication.
In general, time is not a source of anxiety for scientists, as it is for clinicians.
Time can be abstract and manipulated in experiments with MRI. However, scientists
simultaneously are involved in a cyclical conception of time based on the calendar.
Grants are usually due at the end of the summer, conferences take place in the spring and
beginning of the summer months, and during the rest of the year scientists are working on
publishing their research. Thus, scientists are simultaneously involved in multiple
temporal settings, the "real-time" temporal order of activities by the calendar and the
abstract experience of time in experiments. Traweek (1988) comments on similar
contiguous temporal settings experienced amongst the particle physicists she studied. In
the labs, these physicists bartered for and accumulated "beamtime"; the lifetime of the
physicist, however, can only be lost. Thus, scientists switch between experiences of
real-time and abstract time.
Conversely, a phrase which sums up the clinical experience is, "Time is brain".
Because of the direct interaction with patients, the structure of time in the clinic can have
a significant effect on the health and well-being of patients. "Wasting time" in the clinic
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can result in a patient waiting longer for treatment; while waiting for treatment more of
the brain may be destroyed. Thus, time is brain and clinicians are constantly aware of
time elapsing. Although they often ask patients about events, such as possible relapses
that occurred in the past, clinical orientation in M S tends to be toward the future. This is
because it is difficult to pinpoint when the onset of disease begins in M S , since symptoms
may be subtle. Retrospectively, relying on patient descriptions of past events is
considered less reliable than prospectively recording information as it occurs.
Moreover, clinicians don't experience time in tiny, near-static components, as do
the scientists. A metaphor, which describes the clinical experience of time, is "time is a
battle"; this was revealed in many comments indicating stress and frustration about time
moving too quickly and not getting activities done. Time is guarded, as clinicians have to
fend off people and tasks competing for their time. A n apt metaphor for the scientists
would be one of playing with time, rather than fighting against it. They tinker with time,
as an abstract variable in experiments. Thus, the conceptualization and experience of time
varies between different groups within the hospital organization. As well, the temporal
asymmetry experienced by these two professional groups, "reinforces social
differentiation (Barley 1988:127).
SPACES A N D P L A C E S T H A T SCIENTISTS A N D CLINICIANS O C C U P Y :
The scientists who work in MRI are situated between the medical education
building and the hospital. The MRI center is a modern building, only four years old at
the time of my fieldwork. Two large, glass double doors at the entrance to the center
allow ample light to filter into reception. A round table with chairs and a bench are
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located to the right of the entrance. This is where I often sat to take notes. The center
occupies two floors; on the ground floor, most of the offices are arranged in a circle
around a large central conference room. A sink and microwave are located in this
conference room and scientists commonly eat their lunch at the long wooden table.
Posters hang on the walls, introducing visitors to ongoing projects in MRI. To the left of
the entrance is a stairwell leading to the 3 Tesla and intra-operative magnets located on
the second floor. The 3 Tesla magnet is located behind locked double doors, which can
be unlocked by the identity card that scientists wear around their necks. A l l scientists
wear a name badge around their neck; this name badge also served as a "key" to get into
the center from the ground floor. Doors are always locked automatically. Since I didn't
have a badge, I had to walk upstairs through part of the hospital, past the 3T magnet and
then down a stairwell to get into the center. There is a sign on the double doors leading
to the 3 T magnet that says "Personnel Only". Graduate students share offices upstairs
near a junior physicist.
The offices of the two senior scientists in the M R center are located beside each
other on the ground floor; as well, two senior clinicians in stroke, who often collaborated
with the scientists, have offices in the center. People in the center work with their door
open and students frequently walk into the offices of senior scientists without knocking.
Excluding the senior scientists, all others in the center share offices; the more junior
people, such as graduate students and post-doctorate fellows, share an office with as
many as five or six individuals. Space is in short supply in the M R I center. During my
fieldwork, six graduate students moved into a newly acquired office located in the
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hospital, just outside the locked doors of the MRI center. Thus, although space is in
short supply, the scientists are situated very close to each other and to the magnets which
are integral to their work. Scientists rarely have to leave the M R I center during the day.
During an interview, a senior scientist explained a questionnaire about space that
he had conducted in the MRI center. The purpose of the questionnaire was to prioritize
space and reorganize offices according to who needed to be next to each other or close to
the magnets:
"So, we did this to try and prioritize space because if you're going to
make tough decisions about who gets to sit here and who doesn't you want
to start.. .because there are people who others did not value as much being
around.. .the imaging physicists are really the core of the center; clinicians
are the next ring around that. You can see that the post-docs are critical as
well, and the stroke fellows, and then the grad students, and then, you
know, the physicians are sort of..." (July 28 , 2003).
th

Thus the M R I center is an interdisciplinary place, occupied by scientists and clinicians
studying various diseases. Scientists value the contact with clinicians in the center, as
ultimately, MRI science is driven by its future clinical potential. However, as the
interview indicates, the physicists (scientists) are the core of the center; it is their turf or
territory and scientists greatly outnumber clinicians in this space.
The 3 Tesla magnet is occasionally shared with the hospital, during emergency
needs of patients. If scientists are using the scanner for research purposes, they leave the
space as soon as the hospital needs the magnet. This occurred once in my fieldwork and I
was told to stand in a small room between the 3 T computer control room and the intraoperative MRI surgery room. The scientists get out of the way when technologists need
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the scanner for emergencies. One scientist explained, "we try not to be around when
st

patients are being imaged" (May 21 , 2003).
The description of the M R I center depicts the physical spaces in which scientists
work and the places through which they move; however, as with the concept of time,
scientists also think about the concept of space in an abstract way. Space is manipulated
in the M R I magnet through the use of gradients (X, Y , and Z coordinates); thus,
information about the subject or object being imaged is spatially encoded according to
these gradients. "You have time, space, and frequency all wrapped up in this thing" (June
th

10 , 2003). Gradients:
"spatially encode magnet field information...So there's an X gradient set,
a Y gradient set, and a Z gradient set and you have to control over how
much of a linear function is placed across a direction. So the idea is every
time you excite the spins, you apply a slightly different gradient. And
knowing what those quantities are, you can reconstruct your image
spatially" (August 1 I , 2003).
ih

Thus, the magnet and the object or person being scanned, are sectioned into different
spaces. This space can be measured in millimeters or pixels. A graduate student at the
center explained how data are collected and reconstructed in different types of space:
"Basically, the big picture of MRI is it's a technique of engineering, a
procedure that works between the object space, and the Fourier space, and
the image space, that's the final medical image that we've got. So, when
you put people in the object space, where you put somebody in the
scanner, and then you do some programming.. .so the Fourier data is a
sample; the Fourier spectrum of this particular brain was sampled in
Fourier space. And when we do the inverse Fourier transform of the
sampled data you get the image" (August 27 , 2003).
th

I was curious to understand why scientists flip between all of these types of spaces. This
scientist continued:
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"Actually, Fourier space is just another way to look at the same object.
Um.. .O.K, say music. You can just record music and then you've got all these
different sounds. So that's the way that you can describe this music in term of, in
real space. But you can also look at the same piece of data in a different
space.. .It's like using a different language. It's the same thing. You still look at
the same thing but from a different point of view.. .it's hard to understand from
the real space. So, that's why you want to understand from another space"
(August 27 , 2003).
th

For scientists, space is not necessarily related with a physical dimension; space is not
necessarily real. Rather, space corresponds with a certain perspective or viewpoint that
allows the scientist to examine data in a different way. For example, a graduate student
explained the concept of k-space. K-space, he said, is where you collect your samples.
One student asked, "Isn't k-space imaginary?" He answered, "Well, kind of. In M R it
th

exists" (June 10 , 2003). He wrote an equation on a piece of paper and said it was a
Fourier transform. "The transforms allow you to filter off certain components so you can
see it in a different way.. .in M R we collect the data in this k-space. Magically it kind of
works out that in M R the signals are like Fourier transforms. You basically drive through
th

k-space.. .it's crazy that it works" (June 10 , 2003). In MRI, space, like time, can be
abstract and distant from the everyday world.
Thus, scientists interact with each other and the objects around them in many
different types of space. They are familiar with the various physical places (e.g.
conference room, offices, magnet room, control room) in the MRI center and the
appropriate behavior and activities associated with these places. Simultaneously,
however, these scientists are also engaged in activities that take place in abstract,
hypothetical spaces (e.g. k-space and Fourier space). It is this latter form of space that
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separates scientists from clinicians. For while clinicians may physically walk through
the various rooms of the M R I center, only the scientists can enter and interact with one
another in the abstract spaces created by physics; mathematical expertise and specialized
knowledge act as gatekeepers to these abstract spaces inhabited by scientists.
Space is also important for clinicians who travel to many different places in the
medical complex each day. The M S clinic is located on the main floor of the hospital,
beside the cancer center. It is an out-patient clinic, to which patients from the surrounding
community are referred. There is a waiting room and reception desk at the front of the
clinic and a small room storing the patient charts behind the reception desk. The waiting
room, dimly lit, has a number of couches and artwork is displayed on the walls.
Pamphlets about multiple sclerosis and magazines are spread atop two coffee tables.
Comic strips, jokes, and poems are pinned up on the humour board in the waiting area.
Once in the clinic, patients sign in with the receptionist and sit in the waiting room. The
examination rooms and the infusion room are situated beyond a set of swinging double
doors at the end of the waiting room. Patients enter on the call of a nurse or clinician.
Behind these double doors, the florescent lights are bright amidst the white walls and
white linoleum flooring of the wide hallway. Clinicians hurry in and out of examination
rooms, each draped in a white lab coat, pocket lined with pens, a stethoscope hanging
from their neck, and a name badge pinned below their left collar (or embroidered on the
coat if they are senior). I was asked to wear a lab coat when observing in the clinic.
Words are usually hushed behind these double doors; a young clinical researcher and I
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were once lightly scolded for laughing too loudly together. Closed examination room
doors line the bright halls, arranged in a square.
Inside the examination rooms, a roll of white paper is pulled across the bed for
sanitation. A stool, a desk, and a chair or two are positioned in each of these rooms.
Parts of the brain are labeled on colourful, laminated posters, hanging on the walls.
Pamphlets about multiple sclerosis are arranged for the patient's perusal in these exam
rooms, as well as out-dated editions of Reader's Digest. A family member of close friend
sometimes joins a patient in the examination room, while the clinician performs various
tests and talks privately with the patient. Once the patient is inside an examination room,
the clinician always closes the door. When occupied, there is a sliding wooden panel on
the outside of the door of each exam room that says, "In Use". Each clinician has a
particular examination room that he/she uses all the time. When a clinician is not in the
clinic, his or her exam room may be used by others. At times the senior clinicians cannot
leave the clinic space even if they are not seeing patients. ".. .Some investigational drugs
are being infused in the patients in the treatment room; so I had to be there. I didn't have
to see those patients but I had to physically be there.. .in case they had an allergic
th

reaction" (October 7 , 2003).
The infusion room is bigger than the examination rooms and contains two
reclining leather chairs, two desks, a cart, a large wall of cupboards filled with supplies, a
shelf containing boxes that are labeled for various clinical trials, a file cabinet, a phone, a
blood pressure machine, pillows, and a counter with a sink at the back of the room. It is
in this room where patients have their blood drawn by a nurse and cognitive tests are
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conducted on a regular basis as dictated by the protocol for each clinical trial. Patients
come to the infusion room first, before seeing a clinician in an examination room. The
infusion room is busy, often simultaneously occupied by a nurse, one or two technicians,
and the patient. Sometimes a family member also accompanies the patient in the infusion
room. I was constantly trying to move out of the way in this room. Unless a patient has
difficulty walking, the nurse walks with the patient from the infusion room to the
clinician's exam room; only occasionally did the clinicians come to get the patient in the
infusion room.
The M S clinic is only one of many places in which clinicians work. A l l clinicians
have duties in several spaces that typically range all over the health complex. The
th

neurologists have offices located on the 12 floor of the hospital; as well, a few small
exam rooms are located here. Five-foot high dividers only minimally separate the work
th

areas of junior neurologists, nurses, and secretaries from each other on the 12 floor.
Only senior clinicians have individual offices. When I followed a patient from the M S
clinic infusion room to the room where she was having her neurological exam, we had to
th

take a crowded elevator to the 11 floor because it didn't go any higher. Then we had to
th

take a smaller elevator to the exam room on the 12 floor. Clinicians are constantly
moving between these separated spaces.
There is also a M S research group working in a building connected to the main
hospital by an underground tunnel and parking garage. The clinical researchers in this
building only recently moved to this space. They were previously scattered around on
th

the 12 floor. The head clinician in MS said on different occasions, "I'm worried about
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th

space" (June 9 , 2003). Referring to her research group in this separate building, she
said she was concerned about "the isolation over here. I've complained. It's good to
have actual space but i f feels like being a prisoner sent off to Australia.. .forced to find
th

ways of survival. I don't think that's the best thing. I'm not happy" (September 8 ,
2003). The research area seems like a portable. The lighting is dim and the hallways are
very narrow; in fact, people have to turn sideways to pass each other in the halls.
Although there is a fresh coat of paint and it smells like new carpet, the space in this
building is very cramped. Space is so limited that the senior clinician was going to have
to store a box of vaccine in her fridge at home. She said she would try to "make a deal
th

with the stroke fridge" (June 16 , 2003).
Charts are another concern in regard to clinical space; once diagnosed,
neurologists usually see M S patients regularly for the rest of their lives, as there is no
cure for the disease; this means that individual charts become quite thick over a patient's
lifetime. "The charts are getting enormous. It's going to be almost insane filing those
th

charts.. .I'm just trying to think of space" (June 9 , 2003). A clinician explained that the
problem with such large charts is that some things have to be filed at the back (there is a
standard order to which different types of information are stored). This entails taking
everything out, filing the new piece of information at the back, and returning the other
papers on top again. Clinicians often comment on the size of charts and the limited
storage space for them.
Clinicians in M S encounter space as a matter of everyday lived experience, as
opposed to the abstract concept of space experienced by scientists. Clinicians need space
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to see patients, space to conduct research, office space, space to store charts, and space
for drugs. Space is an ongoing battle; examining who has it and how much often reveals
the status of individuals and the perceived value of different areas of work (stroke, MS).
Compared to the scientists, clinicians' work takes place over a wide area with various
activities located in distant locations (See Table 1).

Table 1 : Types of Time and Space Experienced by Scientists and Clinicians
Basic Scientists

Clinicians

Real Time

Yes

Yes

Abstract Time

Yes

No

Real Space

Yes

Yes

Abstract Space

Yes - (e.g. Fourier space)

No

Number of places occupied

Very few places - activities

Large number of dispersed

to carry out work

generally confined to

places occupied: M S clinic,

research center and

12 floor neurology,

educational building

education building, etc.

th

Interestingly, interactions between scientists and clinicians are rare. However,
during the two times this did occur in my presence, it was the clinicians who walked over
th

to the M R center. I never saw scientists in the M S clinic, or on the 12 floor of the
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hospital. (For more detail on collaborative projects between scientists and clinicians,
see Chapter 7.)

LEADERSHIP A N D POWER.
In both the clinical and science groups there are defined leaders who are
recognized, listened to, and followed by the rest of the group. Authority is unequally
distributed so that those with more experience have greater power or influence over the
actions of others. For example, science students and employees were given a deadline for
submitting a completed draft of a poster for an upcoming conference on MRI. The most
senior scientist was not present for the meeting on the day these posters were to be
discussed. One student explained that he would not have worked so hard on his poster
over the weekend i f he knew this senior scientist was going to be away that day (June
th

30 , 2003). At the science journal club, there were three people who typically started
the meetings and who frequently asked students questions at the end of their
presentations. These three individuals held leadership roles in the group and had power
to influence the behavior of employees and students.
Leadership is typically confined to people working in a similar disease area,
although, individuals with extensive experience hold leadership roles across these
boundaries. I attended a party, hosted and attended mainly by scientists and a few
clinicians doing research in conjunction with the scientists; the senior scientist described
the stroke team by using a metaphor of a pack of gorillas. He said that everyone was
vying to be the "alpha male". He described a hierarchy with post-doctoral fellows at the
bottom. A clinical post-doctorate fellow collaborating with stroke scientists added to this
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description of the stroke team. She said that stroke has too many Y-chromosomes and
that the Multiple Sclerosis team communicated better because they had more X th

chromosomes (June 13 , 2003). This clinician also said that, " M S is a different planet
th

from us" (June 13 , 2003). In other words, as a clinician in stroke she has more contact
and familiarity with scientists in stroke than she does with clinicians in M S . Thus, power
and leadership tend to be limited to people working in similar disease areas. However,
during Grand Rounds, I witnessed junior clinicians deferring to senior clinicians in
different disease areas; thus, there were a few clinicians who had been working at this
hospital for over twenty years whose leadership was recognized across the different areas
in clinical neuroscience.
Another asymmetrical power relationship is between scientists and technicians.
Most scientists were not qualified to scan people in the magnet by themselves. Instead,
technicians scanned the patients in projects that had funding. Although the technician is
the expert at running the M R I machine, the scientists guided the technicians in what was
wanted in a particular scan. I observed one interaction which captured this relationship
between technicians and basic scientists. The technician walked into the computer
control room, separated from the magnet room by a glass window. She did not seem to
know i f she would be running the computer or if the scientist would. She looked at the
st

scientists. He said, "No, you're driving" (May 21 , 2003). The technician sat down at
the computer. Then the scientist told her what he wanted at each stage of the scan. The
technician knew how to use the scanner on people, but the scientist was the expert at
developing new sequences. So he instructed her on how the sequence worked.

72
There were also many instances in which I observed a less hierarchical
structure amongst the scientists. For example, some of the leaders in science would give
presentations and practice a poster or conference talk in front of the group, similar to the
junior scientists. They received constructive criticisms and suggestions from the rest of
the group at these times. Before practicing his talk the most senior scientist said to the
th

group, "You do realize, you do as we say. Don't do as we do" (July 4 , 2003). In other
words, he could offer others suggestions based on experience, but he was also
highlighting that there were limits and weaknesses in his own ability once put into
practice.
Within the scientist group, various members had particular areas of research;
some people studied stroke, others were interested in M S or cancer. There was a sense
that all the scientists could benefit from others' work, regardless of their area. Often,
scientists conducted work that could be applied to a number of disease areas. The entire
group of MRI scientists saw themselves as a team; there were also smaller teams within
this overarching science team identification.
During my observations, I found that there was a less structured atmosphere in
which more junior scientists and students mixed and collaborated with senior scientists.
People worked with their doors open, and frequent interruption was expected. In addition
to more senior scientists, there were other members of the group who were regarded as
having a particular expertise or knowledge about certain topics. One student was very
competent at math, another at computer graphics, and another at physics. Thus, more
senior members would go to junior members for further explanation about certain

73
mathematical concepts or other areas in which they had a question. It seemed that each
scientist was encouraged to feel that he or she could make a valuable contribution to the
team.
It was also explained to me that scientists view themselves as members of larger
teams within the hospital organization. They often collaborated with clinicians on
projects. In each interview, I asked participants to draw a network diagram, identifying
all the people with whom they work. I asked them to put themselves in the middle and
organize their connections to others around them. This was the response of one scientist,
"I look at myself as part of a team. For some projects of course I'm the principle
investigator.. .it's only as being on paper because it's the, without the other
members of the team it ain't going to happen. It can happen in a certain direction,
but I'm a physicist. I don't pretend to know anything about the clinical aspects of
research.. .Well, I'll put myself here [he writes his name in the middle of the
page], but I'm going to say that I'm just a sub-set of the M R physicists around
here.. .And of an equal sized box, I'll put the clinicians and clinician scientists"
(August 11 , 2003).
th

The excerpt describes this identity with teams. Thus, although there are recognizable
leaders amongst the scientists, the informal and fluid dynamics of relationships in the
center contributes to a less rigid hierarchy. It is important to point out that there were
other scientists in the medical complex who did not work in the M R I center. These other
scientists worked in labs near by, but I did not have the opportunity to observe the
structure of power of leadership in these groups. According to the network diagrams
collected in interviews, there was collaboration between these different teams of
scientists. I interviewed one basic scientist from another group outside the MRI center
and it appeared that a similar dynamic of informal relationships between senior and

junior members was present. However, future research would be needed to comment
on leadership amongst other science groups with any confidence.
The clinicians in Multiple Sclerosis had a similar structure of authority as the
scientists. There were identifiable leaders with expertise and experience, but a team
atmosphere was also created. One clinician described the M S clinic as less hierarchical
than the old style of medicine; "in the old style the doctor knows everything, but here
we've got physicians, and expert nurses; so, there are a variety of important roles" (July
th

24 , 2003). Another senior clinician expressed that she wanted everyone to have a
specific role in the team; "We should sit down and look at all the roles people are
doing.. .1 think it's nice for people to know that 'this is my thing' and everyone can take
th

pride in their job" (May 26 , 2003). The clinical trials coordinator, a clinician, described
the clinic saying, "It's a team.. .everybody in the clinic, everybody, doctors, nurses..."
nd

(September 22 , 2003).
At the weekly meetings I attended in M S , there was one clinician whose presence
indicated the beginning of the meeting. She would typically get things started by asking
the group if there was anything they wanted to talk about. She would offer suggestions
on how to improve certain problems that were arising and then she would ask the others
if her suggestions would help the problem. In one particular meeting, the group was
discussing a questionnaire to be sent out to patients in a study. One of the junior
members of the group contradicted the leader. The leader responded, "You're right. It's
rd

good to have more brains thinking" (June 23 , 2003). I experienced the members of this
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meeting to feel open to discuss their opinions. Nurses and junior members were
encouraged to give their suggestions.
In an interview, this senior clinician described herself as a mentor to other
clinicians. She drew her networking diagram saying, "This is representing, maybe,
leadership. So, there's the department and I'm one pro, M S is one program, but I kind of
th

represent M S and then there's epilepsy and stoke, etc." (October 7 , 2003). She drew
herself at the top of a list of MS clinicians (including nurses and researchers) and then in
connected boxes, she named some of the basic scientists. She also had connections
labeling her collaboration with larger Canada-wide research in M S and her relationships
with other institutions outside this particular hospital. Finally, patients were labeled as a
group in her network diagram; patients were not labeled on any of the science diagrams.
She viewed herself as bringing together people from different groups, as a member of
many connected teams.
The head clinician told the others that she didn't want certain receptionists to be
able to change patient information. There were many mistakes and growing problems
with patient information in charts. The clinicians knew this receptionist would "be mad
th

because that implies someone has more power than her" (June 9 , 2003). Based on one's
ability and experience, people were given more or less responsibility and power in the
clinic.
A l l of the clinicians had to go through similar training. Medical students are
under a great deal of pressure and the learning curve is steep. As one clinician said, "It's
th

learn one, do one, teach one" (July 24 , 2003). In Grand Rounds, the residents all sit
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together at one side of the room and are expected to participate in discussions. They
are frequently "picked on" to offer a differential diagnosis. One resident who was
presenting at a Grand Rounds meeting said, "The good thing about these seminars is that
th

all the residents get picked on. The people presenting get off easy" (June 4 , 2003). The
technician responded, "Yeah, it's amazing in rounds. The residents try to be
unobtrusive.. .it never works." In the theatre where Grand Rounds take place, people
with more authority and who are perceived as leaders typically sit near the front. I
overheard two women entering the rounds say, "Should we sit at the front and pretend
th

we're important" (June 6 , 2003)? Thus, there are recognizable leaders and power
differences within the clinical group.
In both professional groups, power and decision-making rested more heavily with
people in leadership roles. However, an atmosphere of teamwork and cooperation were
also evident in both groups. Perhaps, because of the limited availability of time, senior
clinicians were less accessible and were approached with more formality than their
science counterparts.
While the previous sections explored time, space, and leadership, the remainder of
this chapter will describe the MRI, the neurological patient, neurological diagnosis, CNS
disease, and the brain as experienced by scientists and clinicians.
M A G N E T I C R E S O N A N C E I M A G I N G (MRI):
"A picture is a historical record of what its creator noticed and considered worth
noticing within a given culture at a particular moment" (Stafford 1991:477).
il

rd

A picture is worth a thousand words" (Basic Scientist - June 23 , 2003).

In light of the new criteria (McDonald 2001), which makes the M R image
essential in the diagnostic process for Multiple Sclerosis, this technology has increasingly
become an integral tool in the daily lives of both basic scientists and clinicians. While
MRI technology has generally been available since the early 1980's, it wasn't until 1999
that the M R I Research Center was officially opened adjacent to the hospital. While this
technology is talked about and used by both clinicians and scientists, they do so in
different ways.
What is the MR image, anyway?
"It's like using a different language. It's the same thing. You still look at the same thing
but from a different point of view" (Interview with a basic scientist - August27th, 2003).
"I have to cheat a little bit to get a decent looking image. It looks good.. .(pause) but it's
th

not exactly real" (April 7 , 2003).
At various times throughout my fieldwork, the M R I was described as a map, a
picture, a technique of engineering, an equation, and a magic black box. The M R image
involves many different people: the patient, who, for 45 minutes, anxiously lies in the
bore of a magnet so that her brain can be represented in a 2-dimensional image, the
clinician who orders the image and receives it a few days or weeks later in order to help
diagnose and treat a patient, the scientist who, through mathematics and physics,
constructs the image of an organ without ever penetrating the patient's body. The
meaning and use of the M R image shifts as it is passed from one person to another.
The weekly presentations given by the scientists in the MRIjournal club are
replete with mathematical equations, Greek letters, and words like, "phantoms",
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"artifacts", "gradients", "proton density", and "spin". Over time I learned what these
words are related to the process of image construction, or "reconstruction", as some
described it. Scientists construct the final medical image which is then interpreted by
clinicians (radiologists) and used as para-clinical evidence in the diagnosis of diseases.
When a patient is placed in the bore of the magnet, the protons in the patient's body align
in the direction of the magnet. One needs to "perturb the body" so that the protons are
not in the same direction as the main magnet. Then the scientists collect these data from
different tissues, which have different amounts of protons. For example, an M S lesion
actually has a different proton density from the surrounding anatomy. The proton density
varies and thus so does the M R signal.
Constructing the image is actually more complex than this. Once the patient has
been scanned in the magnet, the resulting information is stored on a disk. The pipeline of
image processing continues long after the patient leaves the magnet. There are different
strengths of magnetization and different sequences in which signals can be collected.
Problems with non-uniformity, heterogeneity, and patient movement need to be
corrected. As well, organs, like the brain, are scanned slice-by-slice with only portions of
the brain being sampled in the image. Information is converted from object space to
Fourier space (i.e. mathematical space) to image space, with some of the information
subtracted and discarded in the process. The actual 2-dimensional image printed on
photographic paper is a filtered representation which "will reflect a particular
magnetization of that particular brain in that particular sequence" (August 27

th

-

scientist). Thus, the scientists are well aware that the image is only an estimation of the
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brain and that it is often an ambiguous and creative process. Ironically, scientists rarely
come into contact with patients.
Repeatedly scientists contrast an ideal world with the real world. For example,
one science graduate student explained to a group of summer students, "Normally, in an
ideal world, the magnet field would be homogeneous, but that's not the case.. .you end up
th

with slightly different field strengths, inhomogeneities" (scientist - June 10 ).
Consequently, the basic scientists are active in correcting for these inhomogeneities, in
order to improve the image quality to the level expected by clinicians. One scientist
explained that, ".. .clinicians aren't interested in phase one. Theyjust want a better image
and aren't interested in how you get it" (May 21).
A "ghost" occurs when the patient moves inside the bore of the magnet and the
subsequent imaging is of a slightly different part of the brain. Ghosting is also caused by
the movement of blood through the patient's veins, or by breathing. One student
explained that in his project, "we filtered motion and corrected our M R I data." He went
on to explain "physiological noise" and that "you have to co-vary that out of your signal"
th

(July 4 ). In another presentation a physicist explained this correction process as
follows:
".. .You do subtraction to get rid of the field. We make a best guess and try not to
remove too much signal from the image.. .we end up with a rough estimate of the
field.. .smooth it out until we get to a criteria where there is no longer any benefit
for the image.. .It's kind of like walking toward zero. If you go half-way each
time you never really get there...If you over apply the algorithm you end up
destroying the image.. .the true signal has been blurred.. .You start off with a true
signal, add a bias, and correct it" (May 12 ).
th
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The speaker is describing a common "trade-off between removing noisy signal in
order to improve the final image and removing important signal integral to the accuracy
of the image. One of the science graduate students explained the trade-off in more detail:
"The other huge thing in M R is how you collect the data and reconstruct
it... [Fourier transforms] break a signal up into signs and cosigns.. .you can break
it down into smaller, it's actually incredible. They use this [Fourier transforms] to
do MRI. You couldn't do M R without it.. .If you want to knock off some of the
components, like the high frequencies, which is often noise, you just cut it off
here [he points to a graph he's just drawn on a piece of paper] and get rid of
it.. .The problem is that your edge information is at high frequencies, details and
lines are at high frequency. So if you cut off to get rid of noise, you're also going
to cut off good information as well" (June 10 , 2003).
th

Another student explains, "You turn amplitude functions into frequency functions, and
rd

then subtract out the high frequency which is often noise" (June 23 , 2003). Another
way to correct for inhomogeneities in the magnetic field is called "shimming". "No
shimming gives a messy image.. .concentration is all over the place, even outside the
brain. With shimming it is concentrated. What we want is a nice concentration in the
th

center of the brain" (August 18 , 2003).
One of the problems for which scientists attempt to correct is that even the air that
surrounds the patient inside the bore of the magnet creates signal. "Outside the brain you
see some signal there, some noise, basically noise...this noise will influence the quality
of the image. If the noise is too big it looks bad and you will miss the subtle lesions"
th

(scientist/clinician, August 6 , 2003).
These examples describe the active involvement of the scientists after the patient
has been scanned, the mathematical processes of deconstructing the signals, subtracting,
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and reconstructing the image on a computer. The scientists in MRI, who are primarily
physicists, are also actively involved in how the data are collected in the magnet.
There are three strengths of machines in the MRI facility. The 1.5 Tesla is the
machine routinely used for clinical scans of patients in the hospital. This facility is one
of the first to have an intra-operative 1.5 Tesla MRI, allowing patients to be scanned
before, during, and after surgery. The 3 Tesla, with a higher magnetic field strength, is
the machine used by the scientists for research purposes and is used to scan volunteers
and patients in clinical trials and in emergencies. For example, one time when I was
observing some scientists in the 3 Tesla lab, the phone rang and we were told a patient
had arrived in Emergency presenting with stroke-like symptoms. The hospital's 1.5
clinical M R I was in use, so we left immediately. The patient was scanned in the 3 Tesla
research MRI. There is also a 9.5 Tesla MRI in the facility used only for animal
experimentation, scanning rats, cats, and dogs. I did not have the opportunity to observe
any scientists working with the 9.5 Tesla machine.
General Electric makes most of the MRI machines, which are accompanied with a
particular programmed "sequence" on which the machine scans. In order to be able to
develop and test new sequences, a research "key", available for purchase from the
manufacturer, is required to operate in research mode. One physicist told me that about
10% of all MRIs in the world have this research key. Since the image varies with
different sequences, much of basic science research is focused on developing sequences
that produce a better quality image, compared to the manufacturer's sequence. In the first
stage of development, the sequences are tested on a "phantom", or blue silicone ball
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placed in the bore of the magnet. Then the sequences are tested on volunteers and
volunteer patients. This stage was described as "clinical" because a radiologist comes in
and looks at the quality of the images based on different sequences.
The sequence involves "perturbing" protons to create signal. One researcher
explained:
The proton has associated with it a momentum, an angular momentum. It has an
inherent, what we call, spin. It's like the earth that rotates on its own axis. You
plug that rotating proton into a magnetic field. You start aligning the axis at which
it rotates. So it's like it has a north pole and a south pole. And we call that
angular momentum, spin.. .And it forms the basis of where the MRI signal comes
from. The way we interact, the way we create the image, is how we perturb those
spins and their spatial relationships.. .we pretty much listen to what it's doing as
it's trying to get back to where it wants to be. It's physicsy" (August 11 , 2003).
th

Thus, the scientists are actively involved in how the MRI data are collected, as well as
how they are reconstructed. There is a lot of processing and "playing with the image"
st

(July 21 , 2003) that takes place before the final image is given to the clinician for
interpretation.
The clinicians also talked about the MRI, but rarely about the process by which
the image is constructed. The weekly Grand Rounds presentations (occasionally attended
by a few scientists), given by neurology and neuro-surgery residents were punctuated
with the names of diseases and labeled body parts: optic neuritis, cerebral hoematoma,
ganglion, ischemia, cerebral perfusion pressure. While the scientists highlighted the
ambiguous nature of the MRI signals and the subjective process involved in constructing
the image, the clinicians focused on the objective, rational nature of the image. For
example, one clinician said, "So, we use the computer program to analyze the images, to
measure the lesions automatically, or semi-automatically. This gives us an objective
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measurement, not just subjective observation. This is important for clinical trials, for
multiple sclerosis clinical trials.. .So, then you have clinical measures and imaging
measures. So the clinical measures are very subjective and it's not sensitive. So you need
th

the patient to have a lot more change of the lesions to manifest clinically" (August 6 ,
2003). This perspective is consistent with that of other clinicians who described the MRI
as objective.
During Grand Round meetings, ordering an MRI was frequently mentioned as an
action taken by clinicians to help in diagnosing a disease or figuring out what was
causing a patient's symptoms. The MRI has become ubiquitous and these images
punctuated each of the resident presentations. This technology has become a routine
aspect of neurological diagnosis over the past few years. Over the course of my
observation, I began feeling that the clinicians were somewhat uncomfortable or uneasy
about the degree to which they rely on this para-clinical investigation. For example,
during a Grand Rounds presentation, someone asked "Do you need M R for this
diagnosis?" Another doctor in the audience interrupted saying, "You do a lot of MRIs for
th

headache, so I think you should do one for this" (May 16 , 2003). At this point everyone
in the audience laughed. Further along in the same case presentation, the patient's
reported symptoms seemed to be getting more complex. When asked what he did, one of
the doctors who worked on the case patient said, "I ordered an MRI scan." Again,
everyone in the audience laughed. A Grand Rounds presentation at a later date contained
a similar scene. A neurosurgery resident was giving the presentation and so a neurology
resident in the audience was "picked on" to give a differential diagnosis. When asked
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what sort of investigation he would recommend, the resident responded, "I like to do
th

MRIs on all of our patients" (June 13 , 2003). The audience laughed and the doctor in
the long white lab coat standing at the front of the room said, "Good."
People find things funny when they are presented with incongruous information,
when an action produces an unexpected result. It has only been in the last twenty years
that MRI has become available. Many of the senior clinicians at Grand Rounds were
practicing medicine before the use of MRI technology. "It's a chicken and egg
th

thing.. .because we didn't have MRI back then, we only had C T " (April 11 , 2003).
Also, the MRI is a very expensive investigation to administer; an MRI in a private facility
can cost up to two thousand dollars. Perhaps, the laughter in the audience reflected an
underlying feeling that this technology, while very useful, is now somewhat over-used in
situations where it might not be absolutely necessary, such as in the case of headache.
Although clinicians seemed to have mixed feelings on whether or not to order an
MRI investigation in certain cases, very rarely did they question the objectivity of the
M R image itself. As one scientists explained, "They just want a better image and aren't
st

interested in how you get it" (May 21 , 2003). Clinicians would project the image on the
large screen in front of the Grand Rounds audience and point to different areas on the
image. Pointing to a lighter spot on the image they would say, "this is a lesion" (April
th

11 , 2003). Of course, the clinicians knew that this was not an actual lesion, that it was a
two-dimensional representation of a lesion. However, when describing the image, the
clinicians took for granted that the shades and hues on the image accurately reflected the
brain of the patient being discussed. In contrast to the scientists, the clinicians never

85
discusseci in Grand Rounds how the images were acquired or which filtering
techniques had been applied in its construction.
One clinician did try to explain image construction to her research group. This
was the only clinician I observed talking about image processing. As the head of the M S
clinic, she was actively involved in clinical trials, which brought her in frequent
collaboration with the scientists in MRI. In a meeting with her clinical research team she
explained image processing, "It's like taking a camera and adjusting it. Think of it like
different colours. Some colours are not true but they work better for the machine." She
explained to the group that the clinical MRI samples the brain at about every five
millimeters. She said, "Think of it like cutting a watermelon, a watermelon with seeds.
If you cut different thicknesses or start in a different place, you get a different pattern of
th

seeds.. .You only see the top of the slice" (July 28 , 2003).
On a separate occasion the same clinician demonstrated that she separates clinical
and para-clinical investigations in her mind. She was telling her clinical trials research
group that one of the drugs they were currently testing was showing positive results in
reducing the number and volume of M S lesions. She said, "It doesn't mean it works; it
th

just works for M R I " (June 16 , 2003).
While the above example demonstrates that some clinicians were aware of the
creative process involved in constructing the image, most of my observations indicate
that clinicians as a group tend to think of the MRI as an objective measurement.
Compared with scientists, clinicians were less concerned with how the image was
constructed.
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Can the truth be known through MRI?:
Truth is a concept that requires more investigation. I recorded limited data on this
topic; the concept of truth seems to consist of underlying assumptions that are not
commonly discussed. The scientists appear to operate from an underlying assumption
that truth is constructed. For example, one scientist said, "You tell this algorithm to find
four components and it's going to find four components. It doesn't mean they're real"
th

(June 9 , 2003). A clinician working with the scientists was unsure how they derived a
curve from an algorithm. The scientist answers, "How they derive it.. .they have this
magic black box...it doesn't mean those components correspond to anything
physiologic". In another example, a science student was discussing a model she used,
"it's only an approximation; in actual fact it's impossible to get actual tissue for every
th

voxel" (August 11 , 2003). Another scientist said that, "in terms of MRI, you get an
th

approximation of what is the real world" (August 27 , 2003). These examples
demonstrate that for scientists, the truth, the real world is unknowable or unreplicable.
Instead, all they can have access to is an approximation, a constructed version of the
truth.
Conversely, clinicians seem to think of truth as something that is tangible. It is
out there in the world and it is their task to find it. For example, a poster distributed by
ii

the faculty of medicine and displayed in the M S clinic said, It's about finding a cure.
You 're lookingfor answers. We 're finding them" One clinician, working in
collaboration with scientists in MRI, said, "If you know what the truth is, you just ask
th

what the signals mean" (June 9 , 2003). This clinician's use of the word truth struck me
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as odd in the context of M R I science; scientists never used the word "truth" during my
five months of observation.
Another social world in which the MRI exists is, of course, that of the patient.
MRIs are stored in patient charts. However, I did not see any patients being shown or
looking at their MRI. This does not mean that patients never see their M R I scans; it just
means I have no information on how or where this interaction takes place, i f it does. In
talking with some multiple sclerosis patients who were involved in a clinical trial for a
particular drug, I discovered that they were not allowed to see their MRIs, which were
taken periodically throughout the study. As part of the clinical trial protocol in this study
the patient and the treating neurologist were prohibited from seeing the images, as not to
influence their perception of whether the patient was on drug or in the placebo control
group. While talking with the patient and her mother in the waiting room, they revealed
to me that although they understood the protocol, they wished they could see the MRIs
and expressed a feeling of frustration about not knowing the MRI results. The patient
said she felt better, less fatigued, since being in the clinical trial; she believed seeing the
MRI could reveal i f she was on the drug or not.
Because patients cannot directly see and feel their brains, the MRI is a desirable,
informative form of investigation. Especially for people with Multiple Sclerosis, a
disease with so many unknowns, seeing this abstracted representation of the brain as
depicted in the M R I allowed patients to see the disease as something tangible and
material. In multiple sclerosis, an increase in lesion volume or number may or may not
be accompanied by clinical symptoms. Thus the MRI, from the patient's point of view,
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tells them if they are really getting better or not. The M R I is attributed with knowing
the truth about what's really going on in their bodies. While not within the scope of this
project, it would be valuable to have more data on how patients think about MRI.
A P P R O A C H I N G T H E PATIENT:
The scientists have similar benevolent interests as clinicians: detecting lesions as
soon as possible to try to get the patient on a treatment regimen and improve their quality
of life. The purpose of basic science research is to ultimately benefit patients. Some
science researchers explained their job as trying to "predict what's going to happen to the
patient" (June 9 , 2003). Other scientists try to "help select patients who are best suited
th

for therapeutic interventions" (August 11 , 2003).
However, the scientists have very little contact with patients. In fact, many never
interact with patients in their professional life. As I stated earlier, much of the science
work is in processing the image and this occurs long after the patient has left the magnet.
For example, in describing his study sample, one student explained that, "only eight
th

patients were retrieved^ (August 18 , 2003). He explained that to get a larger sample
size he might have to go back further in time. What he meant by having eight patients in
the sample is that he has eight images of patient brains. Some of these images were from
patients who were scanned up to two years previous to his project. No information was
given in this presentation as to the current state of the participants' health or whether or
not they were in fact still alive. Another graduate student in M R I research worked on
texture analysis. She specified that coarse texture is defined by the image not by the
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pathology, "because I've never seen a real MS lesion. The texture we define is image
th

texture rather than pathological texture" (June 7 , 2003).
Patients are also data. "We produce publications and that ultimately is what leads
to grants and that leads to jobs and everything. That's the money that keeps the money
th

that keeps the machine moving" (July 28 , 2003). The same scientist later explained
th

that, "more patients make it more publishable" (November 24 , 2003).
When scientists conduct research involving patients a technician helps the patient
into the bore of the magnet and tells them what to expect. Then the technician leaves the
magnet room and returns to a small computer room, separated from the magnet by a glass
window. A n intercom system allows the technician to speak to the patient; likewise the
patient holds a squeeze ball in his or her hand to be pressed if the patient is in an
emergency. At no time in my field observations, was a scientist alone while scanning a
patient. Often, scientists scan "phantoms" (plastic balls), or work on image
reconstruction on a computer on a different floor from the magnet.
As mentioned earlier, humour can reveal important ethnographic information.
The first time I volunteered to be imaged, I walked into the little computer room adjacent
to the magnet. The scientist and radiologist were in this room, looking towards the
magnet, and I could hear the loud beeping of the magnet in use. As I walked into the
room I said, "Are you scanning somebody?" The scientist responded, "Yes, meet Mrs.
Jones," and he started to laugh. I looked in the direction of the bore and saw a little blue
ball in the middle of the magnet.
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This interaction is revealing because it captures the distance that scientists have
from patients. Clinical investigative techniques are useless in basic science; you can't
ask a blue ball or a computer image how it is feeling. M o l (2000) describes a similar
interaction with pathologists investigating atherosclerosis. The pathologist made a joke
about feeling the pulsations in the arteries of an amputated leg. M o l concludes that while
pathologists and clinicians understand each other and their perspectives, "the
incompatibility between pathology and clinic is a practical matter. A matter of body
parts that are sectioned instead of patients who speak" (2000: 90). The scientists in MRI
have a unique social construction of the patient that has become routine and normal in
their everyday professional life. When an outsider (myself) enters their professional
world, the scientists see the incongruity of their behavior through the eyes of a stranger.
My assumption that a human would be laying in the bore of the magnet, instead of a blue
ball, highlighted the distance between scientist and patient.
When scientists talk about patients it is always in the context of a magnetic
resonance image. Their understanding of the patient is purely visual. When asked what
information the M R image gave him, one scientist responded, "So, you get a map of the
anatomy.. .from that you can visualize the lesions in M S . . .you can see the lesions" (July
th

28 , 2003). Another scientists explained that, " M S lesions are very small...sometimes
there are actual increases of decreases in lesion volume that we can not see using our
th

eyes. So we use the computer program to analyze the image" (August 6 , 2003).
Scientists focus on the patient at the level of the proton, or more accurately the
pixel. "So when we are imaging, it's actually how those protons exist within our body"
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th

(August 27 , 2003). This extreme telephoto lens through which the patient is
constructed in this science sub-culture makes individual characteristics irrelevant. Sex,
age, ethnic background, marital status, financial situation, profession, all of this
information is discarded by the time the scientist receives the M R I information. The
patient is converted into magnetic signals which are graphed as amplitude and frequency
information. The patient becomes a line, corresponding with various X and Y values.
Parts of this line are sacrificed, the higher frequencies, in order to remove unwanted
"noise". "If you want to knock off some of the components.. .you just cut it off here and
th

get rid of it" (June 10th, 2003). "It's a trade o f f (April 7 , 2003).
Patients are divided into "slices" and "slabs." The M R I is a technology which
annihilates the patient as a whole and sees only small segments in fine detail. Patients are
conceived of at the level of the proton in MRI. "It's called selective excitation when you
tip only those protons at a specific place. You can tip certain protons in one slice and all
the others are unaffected... ideally anyway. So that's how you get your different slices"
th

(June 10 , 2003).
One physicist explained that the M R has a limited "field of view for each image.
nd

It's about 30-35 cm" (June 2 , 2003). Someone asked a presenter in an MRjournal club,
th

"How large is your target area? Is 1.5 mm too far o f f (April 14 , 2003)? The patient is
seen in decontextualized bits and pieces. A science student who worked with computer
graphics showed me some three dimensional images of a patient's brain on his computer.
He began pealing away different sections to show me the slice of interest. "It's
interesting, because when you look at it from the top of the slice, like a 2-D image, the
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th

resolution looks really good" (June 16 , 2003). He said that this is the way clinicians
have gotten used to looking at 2-D images and so this is the way they want the images
presented. "But when you turn the image on its side and start pealing away slices, the
resolution is poor; the image is more blurry and edges are less well defined...So the
th

clinicians think they're getting good resolution, but they're not" (June 16 , 2003). For
scientists, the patient is easily peeled away in layers using computer graphics.
While the goal of the magnetic resonance image is to represent the anatomy of the
patient, it became apparent that much of the time the scientists are trying to remove
anatomy or subtract parts of the body that get in the way of the image. For example one
st

scientist described, "getting rid of the blood" (May 21 , 2003) in the image. "Brain
masking" is a process used to, "get rid of everything that's non-brain tissue, like the
skull" (June 10 , 2003). Most patients are injected with a die called Gadolinium (Gd)
while they are in the M R machine. "You pump in the injection and follow it as you go"
nd

(June 2 , 2003). This die is also known as "contrast" because it seeps through the blood
brain barrier in damaged areas so that infarcts and lesions show up as bright spots on the
image. Essentially, this die creates a larger contrast in the colours of the final image. A n
image mask is an image without contrast. Then you take the same region and scan it with
contrast. Then you subtract the mask from the contrast. Essentially, the masking process
subtracts any part of the body which does not contain the injected contrast agent.
Problems arise when the patient moves slightly; then the mask is not of the same slice as
the contrast image; this causes "ghosting". Unwanted patient information that needs to
be removed from the image is called "ghosts", "artifacts", or "noise".
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As a volunteer for some of the science research projects, my abdomen and
brain were scanned in the 3 Tesla M R I at various times throughout my field experience.
In one experiment, I was asked to hold my breath on the exhale for increasing lengths of
time (up to 23 seconds). This was done so that my breathing (lungs expanding and
contracting) would not interfere with the image. Thus, the ideal patient in MRI is one
who doesn't move, breath, or contain flowing blood; essentially, the processes of life
(which medicine is ultimately trying to sustain) are a disturbance in MRI.
During ajournai club presentation, a scientist was asked what caused interference
th

in the magnetic field. The speaker said, "anatomy.. .it perturbs the signal" (May 12 ,
2003). One of the other scientists highlighted the paradox, commenting, "but
fundamentally you're trying to image the anatomy." The speaker agreed with this but
still argued that the anatomy is a source of interference.
One student explained the project he was involved in: "Her job is to segment out
the destined to die tissue from the rest of the image. This is usually done slice by slice, by
hand, and it takes a long time.. .You can take out old strokes and dying matter to look just
th

at penumbral tissue" (June 16 , 2003).
Thus, the scientists' understanding of the patient is dominated by visual
information. Extreme reduction takes place after the patient leaves the magnet. Protons
and pixels are represented as signs and cosigns; unwanted information is quickly lopped
off or effortlessly subtracted from the imagistic, computerized patient. In some cases,
the patient lives as an image in the computer, being "played with" and manipulated long
after the living human patient has died. Yet these scientists who devote their lives to
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such research, are thoughtful and caring professionals who truly desire the best
outcome for patients. It is an attribute of the advancing technology of M R I and computer
animation which extends the social life of the patient beyond physical embodiment and
which makes possible this hyper-visual penetration of the patient body.
The social construction of the patient in the clinical sub-culture has both
similarities and differences when compared to basic scientists. At one level, the
clinicians also divide the patient into organs and systems. While looking at an image,
one clinician explained to me, "the image picks up where there is water and so fat is your
friend in MRI because fat has more water than muscle. It allows you to see the outline of
nd

the organs" (May 22 , 2003). He continued to point out various organs, as shown in the
image. Clinicians, like basic scientists, rely on visual information to identify how the
patient is doing. "At the beginning, we have to go by what we see rather than what the
patients say because otherwise they can give us the right story.. .and some people want to
th

be diagnosed" (June 9 , 2003).
Ultimately, the magnetic resonance image is interpreted by the clinician and to
some degree embodies the patient. For example, in a Grand Rounds presentation, the
magnetic resonance images were put up on the screen and the speaker apologized saying,
"Sorry, these heads, the patients seem to be lying on their faces. I didn't have time to flip
th

them" (July 4 , 2003). Clinicians also take urine samples and vials of blood out of the
patient's body and mail them off to labs to be tested and analyzed. In this way, the
patient is broken down and segmented as much as with scientists.
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The patient chart has an important role in the clinic and, to some degree,
embodies the patient. The head M S clinician told other clinicians in a meeting that there
is a new policy in which every encounter with a patient has to be written down, signed
th

and dated, in the chart. "Accuracy is very, very important" (August 11 , 2003) she said.
One of the major concerns that repeatedly came up in clinic meetings was that
information was not being recorded properly in charts or in the computer database. "I
wouldn't be surprised i f one in ten charts is nowhere.. .nothing adds up.. .we have
th

thousands of patients each year but the database stays the same" (September 8 , 2003).
Some charts were called "missing in action"; they could not be found because the
numbers on the charts were recorded inaccurately in the database. One of the clinicians
rd

talked about the "mutant patient" and the "phantom patient" (June 23 , 2003); these were
charts that combined the first name of one patient and the last name of another. One
woman who worked in the clinic was frustrated to find that a patient had died and that
this was not recorded in the database.
Often, before clinicians see patients for an exam, they review their charts. I
observed one clinician walk out into the main waiting room in the clinic. He picked up a
patient's chart off of the reception desk. He stood there reading it for about a minute and
then called out the patient's name while still looking down at the chart. The patient got
up and the clinician shook her hand and led her back to the examination room. Thus, the
chart is reviewed before seeing a patient to remind the clinician about the patient's
history. The chart is experienced in the clinic as an important extension of the patient.
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I spent a lot of time in the infusion room, which is where cognitive and physical
testing of patients takes place. As well, consents are signed, blood is drawn, and
medication information is recorded in this room. Clinicians are constantly writing in
patient charts. The clinicians who performed the neurological exams spent a lot of time
writing in patient charts as well. When there was not enough time to write everything
down between patients, clinicians would speak into a dictaphone and record what they
later write in the patient charts.
The chart becomes a chronological story or medical life history of the patient.
Charts varied in size depending on how long and how frequently the patient attended the
clinic. Any significant medical event is recorded in the patient chart. In the absence of
the patient, clinicians approach the chart for patient information. Thus, as the image
embodies the patient for the basic scientists, the chart embodies the patient for the
clinician.
However, the patient is much more individualized and personalized in the clinical
setting. Although some information is visual, all the senses are used when clinicians
interact with patients. Clinicians physically touch the patients. One of the tests for an
MS clinical trial is a timed walk and a distance walk. The patients are not allowed to
touch the walls or hold on to the nurses while walking. I walked behind the patient
carrying his walker in case he fells or needed to rest. As we were walking, the patient
told us about his family and an upcoming vacation he had planned. The patient also had
to complete the nine-hole peg test, which tests motor control. Finally the paced auditory
series addition test (PASAT) was administered to the patient to document memory and
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concentration. A nurse checked his blood pressure, respiration rate, temperature, and
took some of his blood. She also asked how he was feeling and if there were any changes
in his mood. The nurse had phoned the patient at his home the night before to remind
him to bring his medications with him to the clinic visit. A l l of these interactions:
talking, listening, touching, provide important information to clinicians.
Clinicians have much more intimate knowledge of patients as individuals. They
listen to what the patients tell them and physically interact with the patients. The
following is an excerpt depicting the clinician's actions during a neurological exam. The
patient, her daughter, and I were in the room when the clinician walked in and sat down.
He sits down at the chair and opens the chart on the small desk in front of him. He
is writing in it. He asks the patient "what happened?" She answers and he says, "That was
different? That was new?" When did all this start?.. .Is it back to normal now?...And it
took two weeks?... And the vision?...The right eye... .it's like your vision's
jumping?.. .Up and down or side to side?.. .Anything make it worse?.. .You haven't lost
the vision?.. .Bladder's working O.K.?.. .How much is the fatigue bothering you?.. .Does
it stop you from doing things?.. .Can you walk as far as you want to?.. .How's your
mood?.. .Bowels O.K.?.. .Numbness anywhere else?.. Just on the right side?.. .Bend your
head down...Swallowing, speech, walking, balance. Take your shoes and socks off."
The patient stands behind a piece of tape on the floor in the exam room. The clinician
tells her to close one eye and read an eye exam chart on the opposite wall. She repeats
this with the other eye closed. The patient is asked to walk back and forth on her tip toes,
heels, and in a straight line. She is asked to stand with feet side-by-side and to close her
eyes. The patient stumbles a little. Hop on one foot ten times. Again. Close your eyes and
balance on two feet.
The clinician gets the patient to sit on the bed. He tells her to close one eye. He puts his
hands in front of her face and says, "Anything dark, missing or gray?" "Follow the tip of
the pen.. .is it double?.. .Is it worse when looking at one side? Look from one side to the
other between the pen and his finger. "Look straight ahead." He shines a green light in
her eye and looks closely. He asks her to do various tasks with touching and
coordination. She has to close her eyes and touch her finger to her nose, touch back and
forth between her nose and his finger. The clinician tells her to lie down. He is banging
her with a rubber mallet, testing her reflexes. He pokes her with pins in different places.
"Any difference?" Pain when you move your eyes?.. .Both eyes?" The clinician sits down
in his chair and is writing down some information on some yellow pieces of paper in the
patient's chart.

98
This neurologist spent approximately 20 minutes with the patient in the neurological
exam. His relationship with the patient, as a live person, was markedly different from the
scientists' experience with patients. As one clinician stated, ".. .the patient's perception
is important" (June 13 , 2003). After Grand Round presentations, an older clinician
often asked the resident who presented the clinical case, "How is the patient doing" (June
th

6 , 2003)? In the context of talking about MRI, one of the clinicians I interviewed
talked about the patients' feelings of fear and claustrophobia; "some of our patients don't
nd

really like it" (September 22 , 2003). The clinician was actively involved in patients'
treatments and constructed the patient on the basis of information gathered via divergent
avenues, not just visually.
However, clinicians are busy and have limited time to spend with each individual.
Clinicians need to obtain particular information from patients as quickly as possible. A
patient was described as good because "she never misses anything and she doesn't give
you information you don't want." Another clinician responded, "Yes, like we don't want
th

to know i f she stubbed her toe" (July 28 , 2003). Thus, while the patient is socially
constructed in the clinic in a more holistic way than in the M R I lab, the patient is often
condensed into clinically significant symptoms in an effort to identify their illness.
In the clinical sub-culture the patient is constructed on the basis of many different
types of information and is not solely reduced to a visual artifact. To a certain degree, the
chart (which has many types of documentation), rather than the image, embodies the
patient in the clinic. However, the patient retains some degree of individuality in the
clinic. As I observed, many clinicians describe feelings of sympathy and empathy for the
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patients in the clinic. The face-to-face level of human interaction with patients that
occurs in the clinician sub-culture, is absent for the scientists. Therefore, the scientists
have a much more abstracted conceptualization of the patient, as their work requires
dealing with the residual artifacts from patients, the images, instead of live people.
N E U R O L O G I C A L DIAGNOSIS:
"/ don't know...it's how you interpret it...1 don't really want to over-call it" (Clinician rd

June 23 , 2003).
th

"This is not an exact science" (Clinician - June 13 , 2003).
Most of my ethnographic data on diagnosis is from the clinical perspective.
Scientists are only indirectly involved in the diagnostic process. One scientist presenting
a paper at the journal club explained that she wasn't going to talk about the diagnosis of
the patient "because that is too difficult for a student to understand" (April 12, 2003).
The other scientists agreed and did not pressure her to discuss diagnosis.
Since the new diagnostic criteria rely heavily on MRI, the scientists realize the
importance of their work. However, one senior scientist explained that these new criteria
affect scientists only indirectly. "It's more of a clinical criteria. It will affect Diana's job
a lot.. .the people right on the front lines with the patients. For us, not so much because
th

we typically deal with patients when they're already 'definite M S ' " (July 28 , 2003). In
other words, these scientists are involved in imaging for some clinical trials but a patient
already has to be diagnosed with MS to be in a clinical trial. [There was one trial ongoing
during my fieldwork that was for people with clinically isolated syndromes (CIS),
meaning they were not yet diagnosed with definite M S ; the people involved in this trial,
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however, were imaged at a private clinic and did not have contact with the scientists
in MRI.]
Not surprisingly, when they do talk about diagnosis, the scientists focus on the
imaging aspects. One science student explained that, "people are moving toward
th

quantification and imaging as a tool in M S " (June 16 , 2003). She has a screen in her
presentation explaining the pathological steps to M S : cell inflammation, blood-brain
barrier disruption, demylenation and axon loss. "Inflammation is the first step in MS.
They can monitor the effectiveness of therapeutic strategies by imaging inflammation"
th

(June 16 , 2003). She projected a number of magnetic resonance images on the screen at
this point. Thus, scientists view diagnosis as a process of following the methodical
progression of pathological steps, centered entirely around information about the
formation of lesions in the brain, gained through the use of the MRI.
Clinicians repeatedly discuss the difficulties involved in diagnosis. During a
meeting with other clinicians, one clinician described diagnosis as, "interpretation from
rd

the chart" (June 23 , 2003). Later in the same meeting this clinician described a typical
situation in which, "the guy tells you one thing about when his symptoms started and then
his wife says 'no, it was earlier'.. .Who do you believe?" The head clinician stated that
diagnosis is, "kind of like predicting how a coin is going to flip. You're going to be right
rd

a lot of the time. It's when you're wrong..." (June 23 , 2003).
One of the junior staff members was concerned because some of the patients had a
"definite M S " diagnosis followed by a "probable M S " diagnosis in their charts. The
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senior clinician at the meeting said that some people are notorious for diagnosing MS
too soon. She said:
"This highlights that the diagnosis date is not useful. I'm trying to
drum it into the doctor's heads, when it's difficult, don't call it.. .They
sometimes call it because then they can get the person on drug. I think
it's inappropriate to give them drug if they don't have disease.. .We're
not concerned with the date of diagnosis.. .we don't focus on it.. .my
feeling is to drop that" (June 23 , 2003).
rd

A significant change has occurred recently, with the new McDonald criteria, in how
patients can be diagnosed. A positive MRI showing the dissemination of lesions in time
and space can now replace a once-necessary second clinical event. Clinicians have
mixed feelings about these criteria. Some clinicians now have difficulty deciding what a
diagnosis of "definite M S " means. For example, "Definite may be McDonald. It may
rd

not be clinical. I can't make that assumption" (June 23 , 2003).
In an interview, one of the senior MS clinicians explained that clinicians in her
clinic approach diagnosis differently since the new diagnostic criteria:
".. .from the time of assessing the patient, we take a totally different
approach now. Rather than just telling people that they have a risk that
they have M S and now they have to wait and see i f and when they have
another attack, now we go looking to confirm the diagnosis. So we are
approaching patients differently. We are utilizing M R I certainly more
and we're, when appropriate, initiating therapy at an earlier stage. And
so I think that it certainly has changed the management of that group of
people" (October 7 , 2003).
th

Conversely, in the same interview this clinician went on to say that:
"I think that the wider use of MRI has had an effect on people that
don't know so much about M S in that they're jumping to M S far
too quickly and calling, you know, just looking at the referrals that
I've turned away today. You know, 'please see this patient for the
diagnosis of M S ' and it tells me about some arm pain and
numbness and an MRI that was reported as possibly consistent
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with M S . And I looked at the MRI and it was very unimpressive and very
non-specific.. .And this patient has now been told they have M S
from the note, and they don't have M S " (October 7 , 2003).
th

The new diagnostic criteria are also frustrating to clinicians because some patients who
were once eligible for clinical trials treatment are no longer eligible because their
diagnosis has changed. "The truth is, it's very hard with progressive disease.. .The new
criteria.. .haven't helped us in the least.. .There's differences of opinion. So the doctors
th

are mixed up" (June 9 , 2003). So now, "some people are really willing (made a quotes
gesture with her hands when she said willing) to have another relapse just so, you know,
to qualify for diagnosis because the medications involved are really expensive"
nd

(September 22 , 2003).
In another meeting of clinicians, one person brought up a case where the
diagnosis changed from definite to possible in the patient's chart. Ajunior clinician said,
"They've already diagnosed her earlier with an M R I " (June 9th, 2003). The senior
clinician at the meeting replied, "Ignore that. MRI doesn't confirm a diagnosis. The
doctors assume it does.. .but just like if you tell someone who is pregnant that they're
going to have a boy, they're going to be right a lot of the time. So, ignore that.. .in a lot of
th

the cases the criteria have not really been confirmed" (June 9 , 2003).
The preceding examples attest to the difficulty in the diagnosis of multiple
sclerosis in a patient. It is a complex process that causes much confusion and frustration
for the clinicians and for the patients. Some clinicians who have years of experience are
more confident in their ability to make a diagnosis. At a Grand Rounds presentation, a
clinician in the audience said, "I know this is not very scientific.. .1 think I know when a
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th

patient has M S " (April 11 , 2003). The speaker said, "This is called passive
knowledge.. .there is more to arriving at a conclusion than what we can verbalize. I don't
th

think we can discount passive knowledge" (April 11 , 2003).
Thus, the clinicians view diagnosis as an interpretive process; it's more of an art
than a science. Basic scientists are more removed from the issues of diagnosis because
they work with images of patients whose diagnosis is already confirmed. They are less
aware of the creative process involved in making a diagnosis.
CNS DISEASE:
My field notes contain less data on clinical and science references to disease.
However, the experiences of each group with disease are distinct. The scientists are
acutely aware of disease as it is expressed in images of the brain. Whether it is stroke or
multiple sclerosis (two areas highly studied in MRI research), the infarct or lesions are
visualized in the images that basic scientists construct. For example, one scientist
explained in an interview, " M S lesions are smaller than other diseases, like stroke has
very big lesions. Multiple sclerosis has tiny lesions, just a couple of millimeters. We
have thinner slices; its three millimeters we use so we can detect more lesions" (August
th

25 , 2003). For scientists, the disease is concrete and visible and can be manipulated in
the image.
One science student discussed a disease named E A E which is similar to multiple
sclerosis. She said they inject this disease into mice and guinea pigs. They then scan the
animal and look at lesions that have formed in the image of the brain. Scientists measure
the volume and number of lesions by looking at them with the MRI.
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The clinicians experience disease in more diverse ways than scientists. Like
the scientists, the use of MRI in the diagnostic criteria has created an emphasis on the
visualization of the disease. One Grand Rounds speaker explained that, "everything has
changed.. .the concept of the disease has changed radically from 150 years ago.. .since
th

this the terminology has changed" (April 11 , 2003). He explained that the use of MRI,
early in the disease process, has instigated this change in the concept of the disease. A
person can develop many lesions without any clinical evidence. Thus, the use of MRI
and the visualization of lesions have become essentialized because in some patients the
disease leaves no clinical trace.
The clinicians, however, are also privy to the patient's lived experience of the
disease. The clinicians witness the patients' cognitive and physical impairment over
time. The summer in which I conducted my fieldwork was particularly hot and many
patients felt extremely fatigued, lethargic and depressed as a result of this. Some patients
described losing their sense of taste or smell, or related their experience of vision
changes. The clinicians expressed sympathy for patients experiencing rapid progression
in the disease. In other words, the clinicians have a wide experience with the symptoms
of disease; these symptoms are an aspect of the disease that is not revealed through the
visualization of lesions in an MRI.
THE B R A I N :
Both scientists and clinicians view the MRI as a picture of the brain. In neurology
the brain is described as a very powerful organ; it is the center of control for all
neurological activity. In clinical trials, residents would begin by presenting the clinical
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symptoms of a patient case, a numb leg, a bad headache, loss of vision, repeated
falling. Over the course of the presentation, the focus shifted to the activities occurring
inside the patient's brain. Residents would be asked to give a differential diagnosis, and
the answer always involved the brain. Magnetic resonant images or cellular photography
of the brain were offered as the ultimate form of evidence or proof.
The metaphor of mapping the brain, as giving by one basic scientist, was
extended as neurons were compared to highways:
".. .there's probably some compensation that's gone on. The brain has
decided either to shift the function of point B. So, it's trying to get from
point A to point B in the brain and there's a disruption in that highway.
So, it either shifts point B to somewhere else or it finds some sort of
circuitous route around point B " (August 11 , 2003).
th

th

The brain is also described as "smart" (August 6 , 2003). As depicted in the previous
quote, the brain is charged with agency; it is the seat of control which becomes
ii

personified. For example, as quoted above, H 's trying to get from point A to point B in
the brain". Who or what is this "/*" trying to get around? The brain has the function to
decide, it tries things out, it moves around and gets places, and i f finds things. In the
previous quote, the brain is described with very active language.
Despite its active power, the brain is manipulated by scientists and clinicians. A
clinician who collaborated with the scientists told me that she was "going to trace some
th

brains" (July 28 , 2003). A scientist showed me on his computer, how he could peel
th

back layers of the brain to reveal deeper parts of the lesion (July 28 , 2003). This same
scientist showed me a picture of the brain on his computer screen. It was divided into
sections with different colours. He explained that this was an over-lay which could help
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surgeons identify different parts of the brain. "You can warp the picture so it fits the
th

patient's brain or you can warp the patient's brain so it fits the picture" (June 16 , 2003).
The brain is described as both active and powerful in the body; however, both scientists
and clinicians think of themselves as being able to manipulate and control the brain.
THE INTERSECTING SOCIAL WORLDS OF SCIENTISTS A N D CLINICIANS:
Scientists and clinicians informed me about their relationships and interactions
with each other. For example, some of the scientists working in the area of M S were part
of a large collaborative project with the clinicians in M S , called the Canadian Impact of
Multiple Sclerosis (CIMS) (for more detail about this project, see Chapter 7). However, I
had very few opportunities to watch scientists and clinicians directly interact; instead,
their descriptions of interacting with one another help to unfold the process of knowledge
translation.
Both clinicians and scientists described the need to develop a different language
when talking to people in the other group. I observed a scientist and a clinician working
together on imaging research. They had been working together for about eight months at
the time of my fieldwork. They told me that it took them approximately two months to
be able to understand each other, working with each other for a half a day each week.
The basic scientist said, "So, it basically took about 30 hours to figure out how to
st

communicate" (May 21 , 2003). At his point the clinician disagreed with the estimate of
30 hours; he did some math in his head and then agreed with the basic scientist. At this
point in the discussion, the basic scientist said, "He's not good at math." The clinicians
retorted, "He's not good at people skills." The basic scientists later said that often they
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still do not understand each other. " A lot of the time we don't talk the same
language.. .It seems to be easier for a physicist to understand clinical than the other way
around.. .It's not a two-way street." However, a few minutes later, the scientist said that
st

he was not good at diagnostics. He said, "You need a radiologist" (May 21 , 2003).
In an interview with a different scientist this process of developing a common
language between members of different professional groups was again described:

"When you talk with the clinicians and the stroke collaborators, you have
to talk with them a little bit differently because spins and things like that
don't make sense...and when they talk to me they can't go into the clinical
terms.. .We had to develop a different way. And it's not necessarily
simplifying either; it's just a different way of communicating" (August
11 , 2003).
th

He continued to say that the biggest issue in working with clinicians was trying to get
them focused on a particular problem. He described clinicians as having "grand ideas"
that were interesting but which needed to be broken down into smaller questions. "This is
what you get them to do is focus on one problem at a time and trying to show them that
there's no black and white. There are many different shades of grey in MRI. There's no
just sort of pointing at something and saying this is the answer and this is not" (August
th

11 , 2003).
While the two previous examples describe this process of developing a common
language as a challenge, the senior clinician in M S proposed that these different
perspectives were a positive and beneficial aspect of collaboration. "So, even though we
don't speak the same language, I think that's a good thing. I think that the concept that
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the CIHR have, which is interdisciplinary, is good.. .by working together, I hope to
th

continue to do that; it's a positive thing" (October 7 , 2003).
It became clear over the course of my research that both clinicians and scientists
value the others' perspective and ideas. For example, a senior scientist explained the
short-comings of another science group as suffering from the lack of clinical people
working in their group. He said, "You can spend your whole life doing fancy image
processing, but the first thing you need to do is show it's useful...clinically useful" (June
th

9 , 2003). As another scientists explained, "It's really the clinicians who move us
forward. You need the physicist, but it's the clinicians who create the need for
st

development" (May 21 , 2003). Thus, while scientists and clinicians recognize that they
have different sets of knowledge and divergent perspectives, they also clearly value the
contact with one another; scientists and clinicians think of each other as complementary
rather than antagonistic.
This chapter provides the reader with qualitative examples of the differences and
similarities in how clinicians and scientists think about and use the five identified
boundary objects. The boundary objects, such as the MRI, are a means through which
these professionals structure the world around them. They allow scientists and clinicians
to focus on some things while ignoring others. In addition, this chapter describes
orientations to time, space, and leadership in each of the professional groups. However,
there is a tradition in cognitive anthropology, to combine qualitative and quantitative
methodologies. Would a quantitative instrument replicate the qualitative results,
identifying the same similarities and differences between these two groups? Could such

an instrument add novel and important insights into the nature of cognitive structures?
Following this tradition in cognitive anthropology, the next chapter introduces the
quantitative component to this research.
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CHAPTER 5: UNDERSTANDING SOCIAL WORLDS THROUGH THE
SEMANTIC DIFFERENTIAL

Ill

Marrying qualitative and quantitative methodologies was an aim of this project
from its inception. Participant observation and interviews were carried out in the first four
months of research. These qualitative tools provided an understanding of the work culture
of clinicians and scientists involved in M S at a large urban medical facility. While, the
previous chapter described the routines and patterns of behavior performed by these
participants and exposed the subtle differences in the ways that these two groups think
about and use shared concepts and objects, in this chapter I describe an empirical and
quantitative approach that extends the qualitative material.
One limitation of qualitative methods is generalizability. M y goal was to identify
whether or not patterns observed through qualitative research were indicative of a more
widespread group of scientists and clinicians. Quantitative methods served to construct a
data set from a larger population. Secondly, quantitative methods provided a means of
between-method triangulation. According to Denzin (1978), triangulation is a process in
which findings are judged to be valid when different methods of data collection yield
identical findings on the same research participants. Bloor (2001: 387) argues, however,
that triangulation is not a way to increase validity; rather, "methodological pluralism
allows new light to be shed on topics and allows different facets of problems to be
explored, so the mix of different methods has an interactive impact". Quantitative
research allowed me to collect a particular type of data related to questions such as: Can
the similarities and differences between scientists and clinicians identified in the
qualitative research be replicated by means of quantitative methods? Are these

112
similarities and differences unique to the scientists and clinicians working in the area
of multiple sclerosis, or are these features common throughout neurosciences? Do nurses
or technicians think about salient concepts and objects in a different manner than either
scientists or clinicians? Are there gender differences in the way people think about
particular objects and concepts which cross-cut various professions or disease interests?
The quantitative methodology could also potentially provide an assessment tool that
could be used in an efficient and economical way in future research to compare the
cognitive structures of different professional groups in other medical settings.
F A L S E STARTS: T H E ITEM B Y F E A T U R E M A T R I X A P P R O A C H :
When described in a linear fashion, as often dictated by the accepted style of
academic writing, the research process can appear straight-forward and simple, silencing
the multiplicity of choices that the researcher has made along the way. More seriously,
these linear descriptions entice the reader to believe that the final results are inevitable,
when alternative methodologies or means of approaching the topic are not explicated. Of
course, all research is plagued with false starts and dead-ends as the researcher probes in
different directions. Thus, rather than a linear arrow, the research process can be best
described by a hermeneutic of spirals, as the researcher investigates different styles and
methods and then returns back to the fundamental question. A thesis would have many
introductions, methodology and conclusion sections, i f it were written to reflect the actual
research process, recording the false starts and dead ends. M y aim is to be candid about
the research process, while remaining within the scope of an accepted writing style.
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Having completed the graduate methodology course before writing my thesis
proposal, I was certain that participant observation and interviews would be the primary
means of collecting data; these qualitative methods would command the majority of my
time in the field. However, I was interested in triangulating this qualitative data with a
quantitative measure. Fundamentally interested in the similarities and differences in how
scientists and clinicians think, I decided that my approach would borrow from cognitive
anthropology. I chose the item-by-feature matrix, as described by D'Andrade (1995), as
a method of comparing beliefs and assumptions between bench and bedside. I was
guided by D'Andrade's (1972) project which explored American and Mexican
categorization of diseases. His analysis provided information on the connotative
meanings associated with various diseases, rather than their definitions. In this project
D'Andrade constructed a list of commonly known disease terms (influenza, chicken pox,
measles, etc.) from both Americans and Mexicans, through informal, unstructured
interviews. Second, these interviews also enabled him to produce a list of common
disease features or belief frames (e.g. You can catch

from other people).

Respondents were then asked to judge which features fit best with each disease term.
Informants rated the fit between features and terms on a scale of one to five: one
indicating a very poor fit and five depicting an excellent fit. Using cluster analysis these
data were organized in an item by feature matrix and the results plotted in multidimensional space. The advantage of this technique is that cultural differences in
attributes are clearly identified in relation to the collected terms. For example, D'Andrade
found that Americans utilized the attributes contagion and seriousness to organize
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knowledge about illness. Mexicans, however, organized their illness knowledge
around contagion and temperature. Thus, this analysis provides insight into how people
interpret and organize the world around them.
I originally aimed to complete a similar analysis comparing scientist and clinician
beliefs about magnetic resonance imaging. After two months of fieldwork, I asked some
of the clinicians and scientists working in MS to list anything that they felt was
associated with the phrase "magnetic resonance imaging". Five terms appeared jointly
on both scientist and clinician lists: image, brain, disease, patient, and diagnosis. These
terms were considered to be potential boundary objects in the intersecting social worlds
of these scientists and clinicians. I wanted to know whether or not the belief frames that
scientists attached to these concepts differed from those espoused by clinicians. I had
already gathered useful information on these concepts as well as others throughout
participant observation but this exercise sharpened my focus during subsequent
ethnographic interviews. Participants were asked to expand on how these terms were
related to magnetic resonance imaging in the interviews that followed.
A l l data collected from participant observation and ethnographic interviews were
entered electronically into a qualitative software program called Nvivo. A node was
placed at each point in the data where one of the five boundary objects appeared. After
coding each concept in this way, a search was done through all documents, pulling
together each instance in which a particular concept was mentioned. I was then able to
pull out ernie belief frames about each concept from the coded data. These beliefs were
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divided into those held by clinicians and those espoused by scientists. Salient belief
frames were picked for each concept based on its frequency of occurrence in the data.
It quickly became apparent, however, that this method of analysis was not going
to work for my research in the same way as D'Andrade's project on the organization of
diseases. The primary dilemma was that the concepts I was exploring (brain, magnetic
resonance image, patient, diagnosis, and disease) were not members of an obvious overarching category as were all of D'Andrade's disease terms. The belief frames were
supposed to make sense across all five terms, however, many of my terms would not
make sense in some of the belief frames. For example, a belief frame for the magnetic
resonance image might be, " A n image is a picture." However, when the other terms,
such as patient, were inserted in the belief frame to replace the word image, the belief
frame no longer made sense ("Apatient is a picture?"). The concepts were too divergent
to be compared in this manner. As a result, I decided to pursue an alternative method of
data collection, the semantic differential.
THE S E M A N T I C DIFFERENTIAL A P P R O A C H :
The semantic differential is a quantitative approach that can provide information
on the meanings people attribute to concepts. Moreover, the results can be plotted in
multi-dimensional space to visually identify how concepts cluster together. A visual
representation of the results was important because I wanted the data to be expressed in a
way that was meaningful and familiar to the participants in the project. The participants
in this research are very busy with little time for reading lengthy, qualitative descriptions.
Thus, charts, graphs, and other visual representations of data are more frequently used in
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medical and scientific circles and would render my research outcomes more
accessible for comments and discussion by the participants.
During the 1950's, Charles Osgood developed a methodology to indirectly
measure the meaning of concepts. He was particularly interested in the connotative
aspects of meaning, rather than denotative dimensions. To clarify the word "meaning",
Osgood describes the notion of semantic space. This space is "a region of some unknown
dimensionality and Euclidean in nature" (Osgood, Suci, Tannenbaum 1969: 63). A
straight-line function that passes through this space can be represented by a semantic
scale. When respondents are asked to make judgments about a particular concept they are
localizing this concept within semantic space. Thus, differences in meaning can be
thought of as divergent positions within the same space. The quality and intensity of
meaning are indicated by direction and distance from the spatial origin (0,0).
The semantic differential approach is comprised of three variables: concepts,
adjective pairs, and respondents. First, the researcher must carefully choose the concepts
to be analyzed. The concepts must elicit a variation of responses from different
respondents (Kerlinger 1973). Second, the researcher selects pairs of adjectives or scales,
such as good/bad, fast/slow, strong/weak. The adjectives will depend on the concepts
being described. On the questionnaire, the polar adjectives are separated with a line. This
line is divided into seven equal parts. The respondent is then asked to indicate whether
the concept is more related to one adjective or the other. For example, if the respondent
feels the concept is very "strong" they would put an X mark nearest the strong end of the
"weak"/"strong" continuum. Choosing adjective pairs is a difficult process. There is a
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balance between having enough pairs in order to cover the entire semantic space and
keeping the list short enough so as not to bore the respondents.
In Osgood's study of stereotypes, he found that many of the adjective scales fell
into one or another of three distinct uncorrelated clusters (Osgood 1969). These clusters
were identified by means of factor analysis. He named the clusters evaluative, potency,
and activity. Pairs of adjectives such as good/bad and likable/unlikable loaded on the
evaluative cluster; weak/strong is an example of adjectives loading on the potency factor;
the fast/slow scale belongs in the activity dimension. Thus, Osgood found that a limited
number of dimensions could sufficiently capture most of the variance in the adjective
scales, and these dimensions could then be used to localize a concept within semantic
space. According to Osgood and Suci (1969), these three factors structure human
judgment.
How do humans communicate despite connotative disagreement, Osgood, Suci
and Tannenbaum (1969) asked? Their data are replete with examples of people who
differ in their semantic differential profiles for the same concept. They offer the example
of a man who finds thunder (an object) exciting and a man who finds it frightening. They
both recognize and agree on a common referent, thunder. Thus, differences in
connotative meaning are not necessarily accompanied by differences in denotative
meaning. Two people may recognize and communicate about a particular object or
concept and at the same time attribute different connotative associations with that object.
The advantages of the semantic differential (SD) approach are that it is quick and
economical to administer as well as being simple and easy to use (Kerlinger 1973). The
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semantic differential has been extensively used in marketing, as well as social and
educational psychology. Recent studies have used the semantic differential to study
attitudes toward the elderly (Polizzi 2003). I reasoned that this approach could also be
useful in medical anthropological studies of boundary objects. Thus, one purpose of the
present study was to determine the usefulness of this approach for future research of this
kind. By first identifying the relevant cognitive dimensions for particular boundary
objects, we can then examine the degree to which these objects are located in the same or
different regions of this semantic space for different groups. In particular, I was interested
in determining whether the patterns identified in the qualitative study could be translated
into dimensions of semantic space, and whether this method could demonstrate that
scientists and clinicians locate boundary objects in different regions of this semantic
space.
The concepts chosen for the SD were based on a prior cognitive task performed
by scientists and clinicians as well as data from participant observation and interviews. In
the cognitive task (administered near the end of my qualitative fieldwork), participants
were asked to list anything that they felt was associated with magnetic resonance imaging
in a two minute time span. They were then asked to identify which five words or
concepts on their lists were most strongly associated with MRI. The words which
appeared frequently on both scientist and clinician lists were selected as boundary
objects. During subsequent interviews, participants were asked to expand on the
association between these words and MRI. Thus, the concepts used for the SD are the
five concepts that were found to frequently overlap between basic scientists and
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clinicians: Magnetic Resonance Image, Neurological Patient, CNS Disease,
Neurological Diagnosis, and Brain.
The next task in creating a semantic differential was to choose scales or adjective
pairs. Since all of the participant observation and interview data had been electronically
entered into Nvivo, coding of these five concepts was done on the computer. The
adjective pairs had to be the same for all five concepts, so that they could be statistically
comparable. I extracted all the adjectives, from anywhere in the data collection, that
were used to describe the five concepts. There were far more adjective pairs than I could
realistically ask participants to rate. The number of adjectives was therefore reduced,
based on their frequency in the data and their ability to generalize over all five concepts.
In addition to the adjectives that were selected on the basis of their relevance to these
boundary objects, I also included a few adjectives that would represent Osgood's salient
categories (evaluative, potency, and activity). The final number of adjective pairs was
twenty, the same twenty pairs being used across all five concepts (See Table 1 for list of
adjective pairs).
METHOD:
My aim was to capture the variation in connotative meaning across a population
of people who studied different disease areas in the neurosciences (stroke, headache,
MS), as well as between people from different disciplines (clinicians, clinician-scientists,
scientists, nurses, technologists). During fieldwork I regularly attended weekly Grand
Rounds; this is a two-hour meeting on Friday mornings, attended by a cross-section of
individuals working in different disease areas and multiple neuroscience disciplines.
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After gaining permission from the Director of Clinical Neurosciences, I introduced
the semantic differential at Grand Rounds before the coffee break, midway through the
meeting. Approximately fifteen people completed the scale during the coffee break that
day while others sent it to me through inter-campus mail. It was completed by an entirely
different sample of clinicians as only two clinicians involved in the qualitative study
participated in the semantic differential exercise. Thus, those who filled out the semantic
differential were not aware that my research focused on comparing basic scientists and
clinicians. I did not want them to know that I was comparing the responses of members
of these two professional groups, as this may have influenced the way that participants
rated the boundary objects on the semantic differential.
A week after I presented the semantic differential at Grand Rounds, I had received
a sufficient number of completed forms from the clinicians (I aimed for at least 20 from
each group) but very few from basic scientists. Since I regularly attended the basic
science journal club meetings on Monday mornings, I introduced the scale at this meeting
to increase the number of respondents to nine.
Participants:
A total of 36 questionnaires were returned. One participant submitted an
incomplete form and this data was therefore dropped from the analyses. Of the remaining
35 participants, 9 (25.7%) identified themselves as basic scientists, 16 (45.7%) as
clinicians, eight (22.9 %) as clinician-scientists, 1 (2.9%) as a nurse, and 1 (2.9%) selfidentified as "other." Twenty-three of the participants (65.7%) were male and 12 (34.3
%) were female. Education levels were as follows: 9 participants had a B.Sc. as their
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highest degree, 2 participants had a M.Sc. degree, 16 participants had an M . D . degree,
3 participants had a Ph.D., 1 participant had completed a post-doctoral fellowship, and 4
participants were F R C P C The mean age across all participants was 34.6 years (SD =
10.22) ranging from 22 to 62. For the analyses, the nurse and "other" were dropped and
the clinician-scientists and clinicians were combined into one group. Thus, the main
analyses compared the responses of 9 basic scientists with 24 clinicians/clinicianscientists. The mean age of the scientists was 27.9 years (SD 3.76, range = 23-33) and
for the clinicians/clinician-scientists it was 37.6 years (SD = 10.5, range = 24-62).

Measuring Instruments:
A seven-page semantic differential questionnaire was used in this study (see
Appendix 1). On the first page, participants were asked to provide demographic
information, including their age, gender, education level, area of work, and their
professional identification. The next page contained brief instructions for completing the
semantic differential scales. The following pages contained the 20 semantic differential
scales, one page for each of the five boundary objects. Each page was headed by the
name of the boundary object (e.g., "Neurological Patient", "Magnetic Resonance
Image"). The 20 SD scales were printed in a different randomized order for each
boundary object. The order of the pages for the five boundary objects was also
randomized across subjects to ensure that any differences in ratings between the
boundary objects were not due to order effects.
Due to timing (because my research was carried out during the summer months
when most regular meetings stop), my access to basic science/clinician interactions was
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limited; this precluded me from analyzing knowledge translation directly. I was not
able to compare the ways in which basic scientists and clinicians talk to each other versus
how they talk with individuals in their own sub-culture. While many participants
commented on the formation of a common language to aid knowledge translation
between different sub-cultures, I was unable to investigate the use of this language firsthand.
RESULTS:
The results were analyzed using the Statistical Package for Social Sciences (SPSS) for
Windows, version 11.0. When participants left an item blank (only 3 items were left
blank) it was replaced with the mean score across all participants for that item.
The means and standard deviations for the 20 semantic scales averaged across the five
boundary objects and across the 35 participants are shown in Table 1. For each pair of
adjectives, the first adjective was given a value of one and the second a value of seven.
For example, the table shows that, on average, all five boundary objects were rated more
highly on "depth" than "surface" ( M = 5.30) and more "complicated" than "easy" (M =
2.01).
Factor Analysis:
The first step in analyzing the data was to conduct a factor analysis to identify the
underlying dimensions that organize the semantic space represented by these 20 scales.
Factor analysis has been described as "a statistical technique used to reduce the number
of observed variables [in this case, the twenty adjective pairs] to a smaller number of
latent variables, identified as factors" (Nichol and Pexman 1999:67). In other words,

factor analysis allows the researcher to determine the pattern of relationships, the
common themes, among variables. "Any given factor should be defined primarily by a
largely non-overlapping subset of variables" (Gardner 2001: 238). The following
section explains how three such factors were identified.

Table 5.1: Means and Standard Deviations of Twenty Scales Averaged over Five
Boundary Objects and 35 Participants

Adjectives
Active/passive
Complicated/easy
Fast/slow
Process/product
Weak/strong
Ideal/real
Changing/permanent
Long-term/ short-term
See/feel
Emotional/rational
Constructed/discovered
Surface/depth
Obj ecti ve/subj ecti ve
Fact/fiction
Science/art
Personal/impersonal
Clear/ambiguous
Individual/group
Soft/hard
Likable/unlikable

Mean
2.86
2.01
3.74
2.76
4.85
4.76
2.50
2.76
3.23
4.50
3.98
5.30
3.77
2.34
2.77
3.16
4.21
2.63
3.94
3.17

Std. Deviation
1.795
1.048
1.874
1.812
1.666
1.824
1.535
1.576
1.735
1.895
2.082
1.511
2.036
1.252
1.614
2.064
1.701
1.787
1.787
1.589

To conduct the factor analysis, the data for the five boundary objects were
combined across the 35 participants, yielding a total of 175 scores on each of the 20
scales. A principal components factor analysis was conducted using Varimax rotation
(Varimax rotation ensures that the factors are orthogonal, or at right angles to each other,
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i.e., uncorrelated with each other). A scree plot (See Figure 1) indicated that the data
could best be described using three main factors. The scree test allows the researcher to
separate the main factors (the mountain) from the residual factors (the rubble or scree).
Notice in Figure 1 that there are three points to the left of the "elbow" in the curve; each
of these three points represents a factor. It is assumed that "any remaining association
basically reflects sampling fluctuations" (Gardener 2001: 244), i.e., random and nonmeaningful associations. The three factors accounted for a total of 40.3 % of all the
variance in the 20 scales.

Figure 5.1: Scree Plot Indicating Three Factors
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Table 2 shows the factor loadings of each scale on each of the three factors. The
factor loadings (which range from -1 to +1) indicate the degree to which a given
adjective pair is associated with a particular factor. High positive loadings indicate that
the second adjective in a pair is associated with that factor, whereas high negative
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loadings indicate that the first adjective in the pair is associated with that factor.
Loadings close to zero indicate that the adjective pair is irrelevant to that factor.
As seen in Table 2, the first factor captures a dimension that involves rational,
objective, hard, impersonal, clear, see, and group on the high end and emotional,
subjective, soft, personal, ambiguous, feel, and individual at the low end. To capture the
essential meaning of this factor in a short-hand manner, this factor was therefore labeled
the "rational/impersonal" factor. The second factor involved passive, easy, weak,
product, short-term, unlikable, slow, surface, and permanent on the high end and active,
complicated, strong, process, long-term, likable, fast, depth, and changing on the low
end. Note that which end of a dimension is considered "high" versus "low" is entirely
arbitrary. Because it seemed more meaningful to designate this factor in terms of the end
that was initially "low," scores on this factor were reversed (i.e., multiplied by -1) and
the factor was labeled the "dynamic" factor. It is also interesting to note that adjectives
relating to all three of Osgood's original factors loaded on this factor. The final factor
involved real, fact, science, and discovered at the high end versus ideal, fiction, art, and
constructed at the low end. This factor was therefore labeled the "fact/science" factor.
Using the factor loadings, a separate factor score was computed for each of the
three factors on each of the five boundary objects for each of the 33 participants to be
included in the subsequent analyses. These factor scores have a mean of zero and
standard deviation of 1.
A high (positive) factor score indicates that a particular participant rated a particular
boundary object on the semantic scales strongly in the direction reflected by that factor.
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Table 5.2: Factor Loadings of Semantic Scales using Principle Component
Analysis with Varimax Rotation

Scales
Factor 1 Factor 2 Factor 3
-.064
Emotional/rational
.782
-.115
.052
Obj ecti ve/subj ecti ve
.008
-.735
Soft/hard
.031
.025
.693
Personal/impersonal
.140
-.201
.684
Clear/ambiguous
-.028
-.671
-.017
See/feel
.087
-.549
-.053
Individual/group
.053
.093
.405
Active/passive
-.091
.245
.678
Complicated/easy
.210
.670
-.319
Weak/strong
.462
.021
-.592
Process/product
.277
.481
.295
Long term/short term
.275
-.146
.440
Likable/unlikable
-.040
.434
.253
Fast/slow
-.171
.427
.094
Surface/depth
-.220
.177
-.375
Changing/permanent
-.042
-.137
.333
Ideal/real
-.160
.016
.636
Fact/fiction
-.285
.247
-.628
Science/art
.024
-.346
-.601
Constructed/discovered
-.226
.153
.469
For example, i f a participant has a score of +2 on the first (rational/impersonal) factor for
MRI, this would mean that this individual tended to rate M R I as highly rational,
unemotional, impersonal, and objective. On the other hand, a low (negative) factor score
indicates that a particular individual rated a particular boundary object toward the low
end of that factor. For example a participant with a factor score of -2 on the third
(fact/science) factor for Diagnosis rated diagnosis as being highly fictional, unscientific,
and constructed rather than discovered.
Figure 2 shows a graph of the mean scores for each of the three factors on each of
the five boundary objects, averaged across all participants. As seen in this figure, factor
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one (the rational/impersonal factor) was high for MRI, low for patient, and
intermediate for diagnosis, disease, and brain. Thus, as a group, the scientists and
clinicians tend to see the M R I as being impersonal, unemotional, and objective. On the
other hand, the patient is seen as personal, emotional, and subjective. The other three
boundary objects fall in the middle on this dimension.
Factor two (the dynamic factor) was low for MRI and patient, intermediate for
diagnosis and disease, and high for brain. Therefore, scientists and clinicians, on average,
think of both M R I and the patient as being characterized by such adjectives as passive,
easy, weak, product, short-term, unlikable, and slow. The brain, however, was thought of
as active, complicated, strong, process, long-term, likable, and fast.
Factor three (fact/science) was intermediate for MRI, patient, and brain, but high
for disease, and low for diagnosis. Thus, neurological disease is thought of as being
characterized by such adjectives as real, fact, science, and discovered. On the other hand,
diagnosis is characterized as ideal, fiction, art, and constructed. The other three boundary
objects are intermediate on this dimension.
Multivariate Analyses of Variance:
The preceding statistics showed how scientists and clinicians together, on
average, view the different boundary objects. However, I was more interested in the
potential similarities and differences between the basic scientists and clinicians in the
meanings that they ascribe to these boundary objects. Therefore, to determine whether
there were any differences in the average scores of the basic scientists as compared to the
clinicians on the three factors, multivariate analyses of variance ( M A N O V A ) were
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conducted for each of the five boundary objects separately. M A N O V A provides an
estimate of the likelihood that any differences between the two sample groups were due
to chance fluctuations as opposed to real differences in the populations represented by
these samples.

Figure 5.2: Mean Factor Scores on Five Boundary Objects Averaged across all
Participants

Rational/lmpersona

Gender Differences in Responses:
Preliminary analyses of variance were conducted to test for sex differences as
well as interactions between gender and professional group on the three factor scores
within each of the boundary objects. In each case, no significant effects were found,
indicating that on average men and women did not differ from one another, either within
their respective professional groups or when collapsed across professional groups.
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Therefore, the remaining analyses to be reported here combined men and women
without taking gender into account. The gender of the participant did not affect how
boundary objects were scored.
Lumping Clinician-Scientists together with Clinicians:
A multivariate analysis of variance was conducted using the three groups
separately for 'professional group'. The results indicated that in almost all analyses,
there are no significant differences between the clinician-scientists and clinicians,
whereas there are significant differences between each of these and the scientists. The
only exception is on the rational/impersonal factor for the patient boundary object, where
the scientists and clinician-scientists respond more similarly and the clinicians are
different. Thus, by and large, the clinician-scientists and clinicians show very similar
patterns of responses and are much more similar to each other than to the scientists.
Thus, for the remaining analyses, the clinicians and clinicians-scientists were lumped
together and compared with scientists.
Magnetic Resonance Image:
The M A N O V A for MRI produced a statistically significant result using Pillai's
trace (Mulitivariate F (3, 29) = 10.097, p < .0001). This indicates that there is a highly
significant difference between the two groups (scientists and clinicians) on at least one of
the three factors in relation to the boundary object MRI. To determine which of the three
factors produced this significant effect, univariate analyses of variance were conducted
comparing the two groups on each of the three factors separately. This analysis produced
a highly significant result for the rational/impersonal factor (F (1, 31) = 22.66, p < .0001).
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The dynamic factor, however, was not significant (F (1, 31) = 1.694, p >.05), nor was
the fact/science factor (F (1, 31) = .004, p >.05). The mean scores for the two groups on
each of the three factors for M P J are shown in Figure 3. As seen in this figure, the
clinicians perceive the M R I as being much more impersonal, objective, rational and
unemotional, clear and unambiguous as compared with basic scientists who described the
MRI as personal, subjective, emotional, and ambiguous. It appears on the graph that
factor 2 should also be a significant difference; however, the standard deviation for this
factor was large. Thus, the difference between scientists and clinicians on factor 2 was
not significant.

Figure 5.3: Mean Factor Scores for Scientists and Clinicians for the MRI Boundary
Object
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A discriminant function analysis added further support to these findings by
correctly classifying 87.9 % of the participants in their respective professional groups
based on their scores on the three factors in relation to MRI. The structure matrix
revealed that the discriminant function correlated only with factor 1 (r = .837). Similar to
the M A N O V A , this shows that factor one is the only salient dimension distinguishing
between the two groups on MRI.
Neurological Patient:
The M A N O V A for neurological patient produced a significant result using
Pillai's Trace (Multivariate F (3, 29) = 2.934, p = .05). This indicates that there is a
significant difference between basic scientists and clinicians on at least one of the three
factors for the patient as boundary object. In order to determine which of the three
factors was significant, univariate analyses of variance were conducted. These analyses
show significant results for the fact/science factor (F (1, 31) = 5.567, p = .025). The
results were not significant for the rational/impersonal factor (F (1, 31) = 1.796, p = .190)
nor for the dynamic factor (F (1,31) = .429, p = .517). The mean scores for the two
groups on each of the three factors for neurological patient are shown in Figure 4. This
shows that basic scientists, as compared to clinicians, think of the patient as more real,
fact, science, and discovered.
A discriminant function analysis added further support to these findings by
correctly classifying 81.8 % of the participants in their respective professional groups
based on their scores on the three factors in relation to patient. The structure matrix
revealed that the discriminant function correlated only with factor 3 (r = .769). Similar to

132
the M A N O V A , this shows that the fact/science factor is the only salient dimension
distinguishing between the two groups on the patient boundary object.
Figure 5.4: Mean Factor Scores for Scientists and Clinicians on ratings of
Neurological Patient as Boundary Object
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Neurological Diagnosis:
The M A N O V A for neurological diagnosis produced a significant result using
Pillai's Trace (Multivariate F (3, 29) = 7.629, p = .001). This indicates that there is a
significant difference between basic scientists and clinicians on at least one of the three
factors. In order to determine which of the three factors was significant, univariate
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analyses of variance were conducted. These analyses show significant results for the
rational/impersonal factor (F (1, 31) = 6.143, p = .019). In addition, the fact/science
factor was significant (F (1, 31) = 12.799, p = .001). The results were not significant for
the dynamic factor (F (1, 31) = 2.540, p = .121). The mean scores for the two groups on
each of the three factors for neurological diagnosis are shown in Figure 5.

Figure 5.5: Mean Scores for Scientists and Clinicians for Neurological Diagnosis
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This shows that basic scientists think about neurological diagnosis as being emotional,

134
subjective, personal, ambiguous, and feeling; meanwhile the clinicians think about
diagnosis as being more rational, objective, impersonal, clear, and seeing. Clinicians,
however, were lower than scientists on the fact/science factor. Thus, clinicians think of
diagnosis as being ideal, fiction, art, and constructed, whereas basic scientists think of it
as being real, fact, science, and discovered.
A discriminant function analysis added further support to these findings by
correctly classifying 90.9 % of the participants in their respective professional groups
based on their scores on the three factors in relation to diagnosis. The structure matrix
revealed that the discriminant function correlated with both factor 1 (r =.723) and factor 3
(r = -.501). Similar to the M A N O V A ; this shows that factors one and three are the salient
dimensions distinguishing between the two groups on diagnosis.
CNS Disease :
The M A N O V A for neurological disease produced a highly significant result using
Pillai's trace (Multivariate F (3, 29) = 8.271, p < .0001). This indicates that there is a
highly significant difference between the two groups on at least one of the three factors.
To determine which of the three factors produced this significant effect, univariate
analyses of variance were conducted comparing the two groups on each of the three
factors separately. These analyses produced a highly significant result for the
rational/impersonal factor (F (1, 31) = 24.603, p < .0001). Factor two, however, was not
significant (F (1, 31) = 1.426, p = .241), nor was factor three (F (1, 31) = 1.994, p = .168).
The mean scores for the two groups on each of the three factors for neurological disease
are shown in Figure 6. As seen in this figure, the basic scientists perceive neurological
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diseases as being much more emotional, subjective, personal, ambiguous, and feeling
as compared with clinicians who think about neurological disease as rational, objective,
impersonal, clear, and seeing.

Figure 5.6: Mean Scores for Clinicians and Scientists on Three Factors for the CNS
Disease Boundary Object

A discriminant function analysis added further support to these findings by
correctly classifying 84.8 % of the participants in their respective professional groups
based on their scores on the three factors in relation to neurological disease. The
structure matrix revealed that the discriminant function correlated only with factor 1 (r
=.963). Similar to the M A N O V A , this shows that factor one is the only salient
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dimension distinguishing between the two groups on the neurological disease
boundary object.
The Brain:
The M A N O V A for brain produced an insignificant result using Pillai's trace
(Mulitivariate F (3, 28) = 1.491, p = .238). This indicates that there is no significant
difference between the two groups on any of the three factors for the brain as boundary
object. Univariate analysis of variance and discriminant function analyses were not
conducted because the M A N O V A was insignificant. Since the two professional groups
did not differ significantly, Figure 7 does not distinguish between clinicians and basicscientists, and depicts how they rated brain across the three factors.
Thus both professional groups think of the brain as highly dynamic, characterized by the
adjectives: active, complicated, strong, process, long-term, likable, and fast. The
rational/impersonal and Fact/Science factors were slightly on the negative side. This
means that basic scientists and clinicians think of the brain as slightly emotional,
personal, subjective and ambiguous; as well as minimally more art, fiction, discovered,
and ideal.
After completing the above analyses on each of the five boundary objects
separately, a final discriminant function analysis was conducted using all three factor
scores for all 5 boundary objects together. This analysis correctly classified 100% of the
participants into their respective professions. In other words, despite their professional
similarities, members of these two medical groups (scientists and clinicians) can be
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completely distinguished using their scores on these five boundary objects and three
factors.
Figure 5.7: Mean Scores Across Three Factors for the Brain Boundary
Object
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CHAPTER 6
INTERPRETING THE RESULTS: USING COGNITIVE ANTHROPOLOGY,
STANDARDIZED PACKAGES, AND ANCHORING DEVICES TO
UNDERSTAND THE SOCIAL WORLDS OF SCIENTISTS AND CLINICIANS
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What does it mean that scientists and clinicians think about boundary objects
differently from one another? Can one assume these differences indicate a problem in
communication between scientists and clinicians? Not necessarily. As one of my
informants stated, "So, even though we don't speak the same language, I think that's a
good thing". Despite difficulties in collaboration and differences in thinking, scientists
and clinicians value shared interactions.
This chapter discusses the triangulation between the qualitative data and the
results of the semantic differential. A theoretical assessment provides insight into
scientists and clinicians as divergent sub-cultures and socials worlds. Finally, the
conclusion outlines questions for further research.
T R I A N G U L A T I O N OF Q U A L I T A T I V E A N D Q U A N T I T A T I V E RESULTS:
Quantitative results show significant differences between scientists and clinicians
on four of the five boundary objects. In the Semantic Differential, the twenty adjective
pairs divided into three factors. Surprisingly, the objective/subjective adjectives loaded
on a different factor than fact/fiction and science/art. According to the qualitative
research, I would not have been able to infer the distinction captured in the separation of
the rational/ impersonal and fact/ science factors. I thought that the adjectives
"objective" and "fact" would be directly correlated and yet they describe slightly
different aspects of the boundary objects. Upon presenting the semantic differential data
to the scientists, it was explained to me that the "personal/impersonal" adjective pair was
key in differentiating the rational/impersonal factor from the fact/science factor. Thus,
the quantitative study added to the qualitative study by highlighting some of the fine
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distinctions in the organization and classification of thought that would not have been
captured in the qualitative study alone. What has the triangulation of methods revealed
about the boundary objects connecting the socials worlds of scientists and clinicians?
Magnetic Resonance Image:
Qualitative and quantitative research revealed that scientists and clinicians think
about M R imaging in different ways. The scientists, who are intimately involved in the
processes required to construct the image, emphasize the ambiguous, subjective nature of
the MRI. They are actively involved in cutting unwanted information out of the image;
scientists are aware of the inhomogeneities of the MRI magnet and the risks involved in
over-applying the algorithms. Thus, for the scientists, the M R I is ambiguous. The
clinicians, conversely, think about the MRI as objective, clear, and rational. Clinicians
are only passively involved in the processes of constructing the M R I ; very rarely do
clinicians talk about the ambiguity involved in acquiring an image. However, both
groups think that the M R I is an important and valuable aspect of neurological diagnosis.
According to the quantitative semantic differential, all participants think of MRI
as located somewhere mid-way between active and passive, complicated and easy, ideal
and real, fact and fiction, science and art, constructed and discovered. I found it counterintuitive that scientists, who spent so much time describing the ambiguous construction
of the MRI in my qualitative research, rated MRI as only half-way between fact and
fiction, science and art, and constructed and discovered on the semantic differential.
Based on the qualitative research alone scientists should have rated the MRI more
towards fiction, art, and constructed. This discrepancy may be explained by the
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enormous funding implications and the cultural capital awarded to people who deal
with science. The scientists recognize the grey areas involved in constructing the MRI,
but the physics, math, and computers involved in generating the image are conceived as
contributing to a fact-based science. There is an underlying belief that the math and
physics involved will, through future progress, eliminate the subjectivity and ambiguity
involved in MRI. Thus, MRI is based on physics and math and therefore is not conceived
as purely art or fiction, despite the recognized ambiguity in image construction.
Neurological Patient:
The combination of qualitative and quantitative research also helped to flesh out
the similarities and differences between scientists and clinicians in their thinking about
the neurological patient. As described in the qualitative section, the scientists are very
removed and distant from real patients in much of their work. Instead, they deal with
visual information that has been produced to represent a patient's body at a particular
time. Qualitative data shows that the patient is decontextualized in the science setting;
the gold-standard for evidence in E B M , the patient becomes data translated into wavy
frequency and amplitude lines on a graph. The patient is the real and factual object, of
which the image is only a representation. It is not surprising then, that the scientists rate
the patient as more fact, science, and discovered on the semantic differential as compared
to the clinicians. When scientists do come into contact with patients, they have already
been diagnosed with M S . Thus, scientists are not involved in constructing patients, as are
the clinicians. The clinicians think of the patient as more constructed than discovered,
more art than science, and fiction rather than fact. This corroborates with the qualitative
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data, which reveals that clinicians have a wide range of techniques in constructing
patienthood; they listen and talk with the patient, touch and see the patient and are aware
of the "art" of constructing patients. Both scientists and clinicians rate the neurological
patient as slightly more emotional than rational, personal than impersonal, feeling rather
than seeing, and individual rather than group. As well, the patient is rated midway
between active and passive, weak and strong, and likeable and unlikable by both groups.
Neurological Diagnosis:
Scientists discuss the neurological diagnosis far less than do the clinicians.
Scientists are only indirectly involved in the diagnostic process. Their work on
improving the construction and clarity of the image provides a tool for the clinicians to
use as para-clinical evidence of lesions in the brain. The clinicians, conversely, are
directly involved in the interpretive process of making a diagnosis. In the qualitative
data, clinicians emphasize the difficulty in confirming a diagnosis of M S and patient
charts reveal reversals in some diagnoses over time.
The semantic differential is difficult to interpret for the diagnosis boundary object.
The difficulty lies in deciphering the differences between the rational/impersonal factor
and the fact/science factor. Qualitative data leads one to believe that many of the
adjective pairs within these two factors should be grouped together. Thus, when
clinicians, compared to scientists, rated diagnoses much lower on the fact/science factor I
anticipated that they would also rate diagnoses lower on the rational/impersonal factor.
However, the rational/impersonal factor is rated more highly by clinicians than scientists.
What could this mean?
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A high rating on the rational/impersonal factor indicates the following
adjectives: rational, objective, hard, impersonal, clear, see, and group. Thus, when
clinicians think about diagnosis at the level of the group they describe it as rational,
objective, hard, and impersonal. Most of the clinicians in M S are involved in large,
national clinical trials as well as treating individual patients. Perhaps, when clinicians
describe diagnosis as objective and impersonal, they are thinking about diagnosis from an
epidemiological and statistical standpoint, not from the perspective of diagnosing
individual patients. Conversely, a low rating on the science/fact dimension is associated
with the adjectives: ideal, fiction, art, and constructed. Perhaps this factor is describing
the clinicians' everyday experiences with diagnosing patients in the clinic.
What does diagnosis mean for the scientists? According to the semantic
differential, scientists describe neurological diagnosis as emotional, subjective, soft,
personal, ambiguous, feel (rather than see), and individual. However, scientists rate
diagnosis as high on the science/fact factor, indicating the adjectives real, fact, science,
and discovered. It is interesting that "science" and "fact" are clustered together, but are
not related to "objectivity" or "rationality". Thus, diagnoses can simultaneously be low
on the rational/impersonal factor and high on the science/fact dimension. By indicating a
low rating on the rational/impersonal factor, the scientists associate diagnosis with the
adjective feel rather than see. Since their experience with diagnosis is entirely based on
MRI, a visual technology, the association of the word feel with diagnosis seems
antithetical or counter-intuitive. Thus, I interpret this as meaning that when basic
scientists rate diagnosis as low on the rational/impersonal factor, they are describing their
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perception of the clinical experience with diagnosis. As scientists in MRI, their own
experiences with diagnosis would clearly be described by the adjective see, rather than
feel. Thus, scientists think of diagnosis as being a clinical activity and dominated by
feeling rather than seeing. However, this does not preclude scientists from thinking about
diagnosis as scientific and factual. As stated earlier, the loading of these adjectives on
two different factors, indicates that science is unrelated to objectivity and rationality.
Both the scientists and the clinicians rate neurological diagnosis as between active/
passive, complicated/ easy, process/ product, and fast/ slow.
The concept of prototypes (D'Andrade 1990), from cognitive anthropology,
clarifies the puzzling ratings of neurological diagnosis. Clinicians rate diagnosis as high
on the rational/impersonal factor and low on the science/fact factor. I propose that the
rational/impersonal factor captures the prototypical clinical experience in large clinical
trials and quantitative epidemiological studies. Meanwhile, the fact/science factor is
rated low, reflecting a second prototype of diagnosis, one which describes the slow
process of constructing a diagnosis for individual patients in the M S clinic. This would
suggest that clinicians have two prototypical experiences with diagnosis, as captured by
the seemingly discrepant ratings of the first and third factors on the semantic differential.
CNS Disease :
Neurological disease is the fourth boundary object analyzed. Both scientists and
clinicians describe the disease as real, fact, science, and discovered. Unlike the image,
which is conceived as being constructed, the disease is thought of as existing outside the
actions of scientists and clinicians, it is discovered and real. The scientists think of the
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neurological disease as being emotional, subjective, personal, ambiguous, and
associated with individuals. Conversely, clinicians think of the disease as being rational,
objective, impersonal, and associated with a group. Thus, when scientists think of the
neurological disease they are thinking in terms of the individual's personal experience,
individuals with whom they have little or no contact. The clinicians think of the disease
in terms of the impersonal experiences of a group. They are able to separate the ideas of
the disease from their experiences with patients. For the clinician, the disease is an entity
distinct from the individual patient; the scientists, conversely, seem to conflate the
individual with the disease. Perhaps this is because the basic scientists' entire experience
of the individual patient is through the MRI and the visualization of disease lesions. The
qualitative data indicates that clinicians have a broader understanding of the individual's
existence, beyond the disease alone. Thus, for the clinician, the disease is not related to
the individual, but is conceived as a separate entity that affects a wider population or
group.
The Brain:
The final boundary object analyzed is the brain. Scientists and clinicians think
about the brain in similar ways. The brain is conceived as being smart and powerful;
however, it is also somewhat knowable and manipulated through the use of MRI and
computer imaging. Thus, the brain is described as only slightly ambiguous by both
professional groups on the semantic differential. A comparison with neurosurgeons
could provide interesting insights in future research. Perhaps the fact/science and
rational/impersonal factors would be more highly scored by surgeons, who physically
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break in to the brain in their professional activities. For surgeons, the brain is also
experienced through touch and smell, instead of solely through indirect visual
information gathered by MRI. Future research could provide information on whether or
not neurosurgeons think of the brain differently than scientists and clinicians.
Time and space are experienced differently by scientists and clinicians, as
discussed in the qualitative results. Scientists deal with abstract notions of time and space
in MRI; broken up into small segments, time can be "reversed" and "played with" by
physicists. Likewise, the language of math and physics provide a common meeting
ground for the scientists. Clinicians experience time as fast-paced. They are constantly
moving through different spaces in the medical complex. The divergent experiences of
time and space by scientists and clinicians can, at times, cause conflict and reinforce the
division between these professions.
DO SCIENTISTS A N D CLINICIANS REPRESENT DISTINCT SUB-CULTURES?
Findings from this research highlight that scientist and clinicians can be described
as two sub-cultures, when culture is defined by the limits of shared beliefs and
assumptions or cognition. Clearly, these two groups are similar in many ways, which is
why I hesitate to describe them as separate cultures entirely. Both scientists and
clinicians are embedded within a larger culture of medicine. However, scientists and
clinicians organize boundary objects in significantly different ways. In addition, their
orientations toward time and space are distinct. The five boundary objects analyzed were
integral to everyday work in both professional groups; yet, this research shows that, in
regard to how individuals think of these objects, there are more differences between the
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two groups than differences found within each group alone. The qualitative methods
aided in interpreting the results of the semantic differential, which were, at times,
counter-intuitive. Likewise, the semantic differential enabled me to make distinctions
(such as that found in the separation of the rational/impersonal and fact/science factors)
that would not have been obvious through qualitative methods alone. When I presented
the results of this research to the scientists they were elated; a senior scientist said that he
always knew scientists were very different from clinicians and now they had "proof
th

(April 19 , 2004).
Despite these differences, I found examples of successful cooperation and
collaboration between these two groups. Scientists and clinicians value each other and
recognize a need for multiple approaches and perspectives. The statement by the CIHR,
that cultural differences in medical sub-fields inhibit health research, was not found to be
true in this case. Overall, members of these professional groups seemed to enjoy the
challenges and rewards involved in working with each other. The many references that I
heard participants make about a developing language between these two sub-cultures
attests to the ability of scientists and clinicians to bridge cultural gaps and maintain
productive research relationships.
T H E O R E T I C A L A S S E S S M E N T OF SCIENTISTS A N D CLINICIAN SUBCULTURES:
Contemplating Standardized Packages And Anchoring Devices In Multiple Sclerosis:
Fujimura (2000) reviews her concept of the standardized package, aligning it with
both Star and Greismer's idea of boundary objects and Latour's notion of actor network
theory. While Star and Greisemer (1989) emphasize the ecological approach in which
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objects are simultaneously engaged in many different competing viewpoints, Latour
is preoccupied with fact stabilization and the sometimes coercive process through which
a network of actors are enrolled in a common endeavor. It is the flexibility of boundary
objects which makes them compatible in many different social worlds; however this
mutability also threatens the possibility of sustaining over-arching theories between
social worlds as, "divergent uses, interpretations, and reconstructions are likely"
(Fujimura 2000:174). Thus, Fujimura describes a circumstance in which boundary
objects are coupled with standardized methods in order to restrict the interpretations,
contributing to a common approach or theory. Fujimura's concept of the standardized
package was developed by drawing on examples from scientific knowledge about cancer,
knowledge developed across many different areas of research and divergent social worlds
during the late 1970's and early 1980's.
Fujimura asks how people who work with "different units of analysis, different
representations of data, different scales of time and space, and different audiences"
(2000:181) were able to coalesce under a common approach and theory in cancer
research. The dominant theory that emerged in the early 1980's combined evolution,
developmental biology, and molecular biology, re-representing cancer by claiming that a
single point mutation causes normal genes to become cancer-causing genes. She explains
that boundary objects such as "genes" and "cancer" helped foster the interaction between
people working in divergent areas; standardized tools, such as probes (strands of DNA),
common databases, and sequences solidified these boundary objects by restricting their
use and increasing the likelihood that findings would be replicated, contributing to fact
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stabilization. Several boundary objects, in addition to newly accepted standardized
methods, allowed people working in divergent areas with individual agendas to adopt a
common theory of cancer, resulting in the oncogene bandwagon.
Is it possible that a similar standardized package can describe the process of
knowledge translation between various actors in the case of multiple sclerosis research?
While little is known about the causes of multiple sclerosis, there is general agreement
that this disease involves a process in which "the body's own immune cells go awry"
(CIMS pamphlet). White blood cells release enzymes from the matrix metalloproteinase
family (MMP) that traverse the blood brain barrier, contributing to demyelination and
killing neuronal cells. Normally, M M P inhibitors are present in the body to regulate
M M P activity. In multiple sclerosis, along with diseases such as rheumatoid arthritis,
strokes, and Alzheimer's, these M M P s are out of control. As I learned through a nationwide study called "Canadian Impact of Multiple Sclerosis" (CIMS), this is the current
theory espoused by people in several divergent areas of study in multiple sclerosis. The
clinicians and scientists who participated in my research are involved in this CIMS
project: this includes the clinicians, clinical researchers, nurses, and physicists in MRJ
science. The CIMS study involves people from many different social worlds working in
diverse areas such as: neurobiology, neurology, psychiatry, immunology, neurochemistry, neuro-oncology, neuropathology, medical biophysics, and molecular biology.
Some people experience multiple sclerosis through direct interaction and treatment of
patients; some understand the disease through large statistical, epidemiological studies,
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and others solely through cell cultures or images. However, they all espouse this
common theory about M S , which involves the immune system going "awry".
I propose, similar to Fujimura, that shared boundary objects, in addition to
standardized tools or methods, facilitate the translation of this theory between multiple
social worlds. As the current research shows, boundary objects, such as the MRI and the
patient, are thought about and described differently by scientists and clinicians. Yet,
these boundary objects foster communication and interaction between scientists and
clinicians. The magnetic resonance image, for example, facilitates the translation of this
common theory of multiple sclerosis across the divergent perspectives and interests held
by people in the CIMS study. The image provides a shared visual representation of the
activities that take place at the site of the blood-brain barrier. The image focuses
scientists and clinicians alike on leaky areas in the blood-brain barrier, which are
highlighted by a contrast agent and appear as bright spots on the image. Meanwhile,
particular social worlds may have idiosyncratic notions about what the MRI represents
(as depicted in the divergent responses by scientists and clinicians on the semantic
differential). Thus, the M R I is a boundary object that is structured loosely and
recognized across the multiple social worlds involved in the CIMS project.
Similarly, the patient is a boundary object that is shared by the diverse areas
represented in the CIMS study. A l l of the people in this study are striving to develop
better treatments for patients diagnosed with M S . However, as qualitative and
quantitative research highlights, scientists and clinicians think about the patient in very
different ways. For scientists working in MRI, the patient is abstracted and reduced to

151
signs and cosigns, amplitudes and frequencies. The scientist has very little contact
with living patients at work. The clinician has a more complex understanding of the
patient, based on visual information as well as verbal, emotional, and physical
interactions with the patient as living person. Fujimura outlined how "cells" are
boundary objects which are conceptualized as waste by surgeons and pathologists and
data by basic researchers. They have a common understanding of the cell as well as
individualized training which teaches them how to interact with cells. Similarly, scientists
and clinicians in multiple sclerosis have different ways of interacting with and
conceptualizing the neurological patient. Yet the common idea of the patient helps to
bring various social worlds together on a common project.
In addition to boundary objects, Fujimura describes the necessity of having
standard tools or methods, in order to help stabilize a theory. The CIMS study has
created a common database of patients, accessed by all of the people involved in the
research. Patients are enrolled according to particular criteria using a standardized
questionnaire. Blood samples and images from this standardized pool of patients are
used by scientists, while clinical and epidemiologically relevant information is also
extracted from this same standard database of patients. Thus, this patient database is a
standardized tool which sets limits or parameters on how various boundary objects are
used or interpreted; scientists cannot examine just any image or blood sample; clinicians
cannot investigate any patient in their clinic. The CIMS database saves clinicians and
scientists the trouble of having to acquire images, samples, and clinical information.
Instead, they have easy access to an established and standardized database. This is akin
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to Fujimura's description of a standardized database of D N A sequences, accessed by
people working on cancer from multiple social worlds.
Thus, the concept of standardized packages may be an effective approach to
analyzing knowledge translation in the area of multiple sclerosis; a common theory about
multiple sclerosis is held together and maintained over a wide range of interests and
people who espouse divergent perspectives, through the use of boundary objects (MRI,
patient) and standardized tools (the CIMS data base of patients).
Diagnostic Criteria as an Anchoring Device Between Social Worlds:
Another way in which knowledge is translated between people in diverse areas, is
through the use of anchoring devices. Vad der Sluijs et al (1998) introduced the idea of
anchoring devices in the context of a discussion about the assessment of anthropogenic
climate change. A climate sensitivity range for C O 2 doubling was produced by various
scientists through the use of computer modeling. This range of 1.5 degrees Celsius to 4.5
degrees Celsius continues to be stable in policy assessment reports, despite shifts in
scientific modeling techniques and theory. The term "climate sensitivity" is not clearly
defined; ambiguous terms in various reports enable a "broad community of
meaning...across the diverse social worlds involved in the climate issue" (1998:310).
Despite the ambiguous meaning of climate sensitivity, the specific numerical range
remains constant across time. Thus, van der Sluijs et al (1998: 316) describe an
anchoring device (such as the climate sensitivity range) as "a boundary object which
exhibits inertia and helps stabilize flux in a socio-scientific domain... [they] seem to
manage uncertainty". The consistent range gives a message of scientific consensus,

153
important to policy makers working in a highly politically charged area in which
great resources are at stake. As well, anchoring devices provide a common playing field
within which negotiation can take place.
The new diagnostic criteria in multiple sclerosis are similar to this concept of an
anchoring device in that they help to manage uncertainty. The diagnosis of diseases such
as multiple sclerosis is often a complicated and ambiguous task; in fact, the qualitative
data reveals that diagnoses are often reversed repeatedly over time. However, the
diagnosis of disease results in life-changing implications for the patient in terms of
integrating this disease into their personal identity and beginning a treatment regimen;
there are also political implications as eligibility for clinical trials hinges on diagnosis.
Thus, the establishment of a common set of guidelines or criteria is important for the
diagnosis of M S .
Meanwhile, various actors inhabiting different social worlds may emphasize
specific criterion over others, as the guidelines are ambiguous in places and offer choices
in the process of diagnosis. Much controversy has ensued, since the creation of these
guidelines, as the criteria are based on controversial studies which some people (Pober
2001) view as lacking scientific rigor. Yet, the guidelines were created by an
international panel, giving the appearance of scientific consensus. The incorporation of
MRI in the diagnostic criteria has changed the relationship between scientists researching
MRI and clinicians in M S , increasing interaction between these two professional groups.
In addition, the diagnosis of clinically isolated syndromes (CIS), as a result of the new
criteria, has instigated drug companies to initiate clinical trials aimed at treating this new
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class of patients. Thus, the diagnostic criteria can be thought of as an anchoring
device with implications for clinicians, scientists, and drug companies; the formalized
and codified criteria help to manage uncertainty while simultaneously allowing for
different interpretations.
Problematizing the Social Worlds Perspective:
Throughout this thesis I have been describing scientists and clinicians as
belonging to different "social worlds"; according to Strauss, social worlds are defined by
the limits of effective communication. However, through the ongoing process of
translation, effective communication, at least to some degree, ensues. Does it follow
then, that translation collapses social worlds? Can scientists and clinicians accurately be
defined as different social worlds, despite communication in collaborative projects?
Based on this research, I think that scientists and clinicians represent different social
worlds; however, Strauss' definition of social worlds requires elaboration.
Latour's concept of translation, as a process of redefining the interests of others so
as to become an obligatory passage point, is useful in building on Strauss' social worlds
perspective. In the case of M S and MRI, the new criteria forces M R I as an obligatory
passage point in the diagnosis of M S . M S has been redefined based on the visualization
of lesions using para-clinical techniques. Thus, clinicians in M S and scientists in MRI
must communicate to some degree. [As stated by several people participating in this
project, however, much information is "black-boxed" to facilitate this process of
translation; they describe developing a common repertoire for speaking between groups,
which differs from the repertoires used within either group.]
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Despite collaborative efforts, the results of the semantic differential
demonstrate that, based on the five boundary objects, the differences between social
worlds are greater than the differences found within each social world. Thus, Strauss'
concept of social worlds is dependent on the relative degree of effective communication
in a particular setting. When M S clinicians interact with MRI scientists there is a lesser
degree of effective communication than when M S clinicians interact with other M S
clinicians or when M R I scientists interact with other M R I scientists. The semantic
differential is a useful instrument for measuring these relative similarities and differences.
The social worlds perspective provides a synchronic view of actors; it captures a
snap-shot of relationships in a particular setting. It is important to remember, however,
that throughout time and space people move through and belong to many different social
worlds. If we were to zoom the anthropological lens inwards, we might find that nurses,
as a group, could be defined as a separate social world from clinicians with medical
degrees. Thus, the social worlds concept is a rhetorical device that is context specific.
Clinician-Scientist...Extinct, Endangered, Or Reinvented?
Many of the articles proposing the need for knowledge translation between basic
science and clinical work, were written by clinicians lamenting the loss of a dying
species, the clinician-scientist (See Wyngaarden 1979). Speculation as to the cause of the
dwindling numbers of clinician-scientists suggested that increased debt load or the fast
pace of basic research advancements dissuaded individuals from pursuing this dual
career. According to the CIHR, the clinician-scientist is trained to treat patients and must
acquire an M D degree as well as receiving training in basic science at the PhD or post-
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doctoral level. The working time of the clinician-scientist is divided between the
clinic and doing basic research in a lab. Many of the people who identified themselves to
me as clinician-scientists are actually what the CIHR defines as clinical researchers. The
old clinician-scientist may be endangered; however, a new breed of clinician-scientist is
emerging in the collaborative environment, as clinicians reinvent themselves. The new
clinician-scientists need not be directly trained in basic research, but rather have a
working knowledge of basic science, enough to foster collaboration on inter-disciplinary
projects. These new clinician-scientists are bound to basic research through funding as
each professional group contributes to common and shared research projects. Thus, the
label of "clinician-scientist" represents a symbolic link between the clinic and the lab,
denoting a collaborative environment, and is no longer literally embodied by individual
people. Interestingly, the basic scientist, in this same collaborative research environment,
is not reinvented; none of the basic scientists with whom I had contact identified
themselves as scientist-clinicians or some such equivalent. Instead, the identity of the
basic scientist remains constant.
CONCLUSION:
Historically, scientists and clinicians have been physically and ideologically
separated in their activities and endeavors. The town-gown divide resulted in these two
professions acquiring different orientations to the world around them. However, neither
profession has remained stable or static. New paradigms and methods have repeatedly
shifted the ways in which scientists and clinicians situate themselves in their
environments and in relation to one another. Evidence-Based Medicine (EBM) is a
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relatively new theoretical paradigm that is changing the relationship and interactions
between these two groups. As a result, Magnetic Resonance Imaging is increasingly
relied upon in Multiple Sclerosis, altering the diagnostic criteria and questioning what
constitutes evidence. Moreover, the growing use of MRI in diagnosis is bringing
scientists and clinicians together, creating opportunities for partnership and collaboration.
This thesis has explored two professional groups, MRI scientists and M S
clinicians, and the impact of culture on their collaboration. Fieldwork indicates that
scientists and clinicians are two separate sub-cultures with distinct understandings and
divergent underlying beliefs about the MRI, the neurological patient, the neurological
diagnosis, CNS disease, and the brain. This research provides specific examples of areas
in which scientists and clinicians are cognitively different, as well as illustrating instances
of cognitive similarities. The social studies of science complements a cognitive approach
by providing a theory from which to critically analyze the practice of science and
medicine. The concepts of boundary objects, standardized packages, and anchoring
devices allow me to view the dynamic nature of material objects as they exist in the
multiple social worlds of scientists and clinicians. Following the cognitive tradition, I
have employed qualitative and quantitative methodologies in this study. The semantic
differential is a valuable addition to qualitative methods and has added to my
understanding of the identified boundary objects.
Though the scientists and clinicians were found to be culturally divergent, this
does not preclude cooperation. The participants clearly demonstrated value and respect
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for work in the other subculture and the CIMS study provides an example of
successful collaboration between scientists and clinicians with a variety of academic
backgrounds.
Questions for future research:
In future, a similar study should take place in other hospital environments to
determine whether or not these results are generalizable. Based on this research, I would
predict that the five boundary objects may be thought about in an even more divergent
manner by clinicians and scientists in other institutions; because the participants involved
in this study are part of a research-intensive hospital, interaction between scientists and
clinicians may be more common as compared with participants who are not involved in a
research-oriented hospital environment. Thus, differences in cognitive structures may be
more dramatic in environments that foster few occasions for collaborative work.
This study raises questions for future research. For example, scientists and
clinicians both discuss the notion of developing a separate language when speaking with
members of the other sub-culture. Is this language similar to the "hybrid repertoire"
described by Dunker (2001)? Did the scientists and clinicians create speakers' and
listeners' dictionaries or did the shared language between scientists and clinicians arise
from a different process?
Participants in this research were labeled as either "scientists" or "clinicians";
where do technicians fit in? Are technicians a third sub-culture, important to the process
of translation between bench and bedside? Or, do technicians espouse cognitive
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classifications and organization of their environment similar to scientists or
clinicians? Are their different boundary objects relevant to technicians?
As this study has demonstrated, the particular meanings that become imbued in
technologies vary between social worlds. Yet, as technologies become integrated into
everyday life, they also carry with them certain underlying assumptions or values. The
MRI is based on a historical privileging of visual information (Stafford 1991). What are
the consequences of adopting visual technologies, such as MRI? As the inside of our
bodies are increasingly converted into public arenas, through MRI, CT, X-ray, and
ultrasound, how does our identity as individuals change in relation to society?
Furthermore, i f M R I is not correlated with improved quality of life (Hollingworth et al,
2000), what are the less overt social and political motivations or rationales for continuing
this line of research? These are some of the questions yet to be explored in future
research on visual technologies.
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Appendix A :

Semantic Differential Assessment
Demographic Information:
1.

Which of the following best describes your professional identification (if

you're a student, indicate which you're working towards). Circle one:

Basic Scientist

Clinician

Clinician-Scientist

Technician

2.

Are you a surgeon?

3.

Your age:

4.

Your highest educational degree:

5.

Sex (circle one): Male

6.

Which of the following best describes your area of work (circle one):

Headache

Stroke

ALS

Cancer

Yes

Nurse

Other

No

Female

Multiple Sclerosis
Other

Epilepsy

Movement Disorders
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Instructions (Please read carefully):
>

The purpose of this study is to find out the meaning of five different neurologyrelated words or concepts (e.g., Brain).

>

There is one page for each concept, and the concept appears in bold print at the
top of each page. Below each concept there is a series of rating scales. At the ends
of each scale are a pair of adjectives or phrases that represent opposite ends of a
dimension or continuum.

>

For each pair of adjectives, please indicate where you think the concept for that
page falls along that dimension, by putting a check-mark on the scale.

>

Please work through the rating scales quite quickly and respond to every item
with your first impression. Do not think about the items for a long time.

>

Please do not skip over any items. Some items may seem irrelevant to you, but
give the best judgment you can and move along.

Thank you very much for your participation!
Please send your finished form through inter-department mail to:

Julia Bickford
M A . Candidate
Department of Anthropology
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MAGNETIC RESONANCE IMAGE
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