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TO SCREEN OR NOT TO SCREEN?
The impact of science on two medical technology controversies

1. "To screen or not to screen?” What sort of question is that?

The question "To screen or not to screen?" is a special class of question in
medical technology. "Screening” refers to the application of diagnostic technologies
to a whole population. This as opposed to clinical (or selective) applications where
only patients presenting with symptoms or other special indications for a given
technology are considered.

In many ways, screening decisions are like all other medical technology
decisions. Patients may individually decide to comply or not comply with medical
advice, to attend or not attend when invited to an examination. Health providers may
offer or not offer a particular treatment or diagnostic procedure. But prior to these
individual decisions, it is generally assumed that the procedure in question has been
approved, recommended or required by some central authority. To some extent,
medical technology "decisions" are the end result of atomized, more or less
haphazard processes; but, to some extent, they are also identifiable bureaucratic
events which are expected to be conducted on (as near as possible) a rational basis.

Screening decisions encompass all the issues common to questions of the
choice of medical technologies in general, plus questions which arise out of the scale
of the proposed screening program. In general, controversies over medical
technologies encompass a set of sub-controversies: Does the technology "work?" If
$0, under what conditions? What are the specific indications for its use and benefits
to be gained from using it? In what ways, to what extent, and:under what conditions
18 it harmful? What are the costs and benefits of the technology -- not only in terms
of money spent and saved, but also in terms of alternative uses of resources
(manpower, skills, etc.), health risks, ethical trade-offs, pain endured ... The list of
costs and benefits considered is potentially endless, but empirically bounded: Some
questions are successfully introduced into the debate in a given instance, either by
individuals and/or by central authorities; others, regardless of theoretical relevance
or experience from other debates, are not.

The sub-issues in medical technology decision situations are the same whether
the technology in question is being considered for clinical (selective) usage or on a
population level as a screening or general preventive technology, but are magnified
by the scaling up of the procedure. Costs are greatly expanded. Benefits also change
in magnitude -- sometimes expanding, sometimes shrinking. As screening programs
are directed at an entire population, screening decisions are likely to be more
centralized than decisions concerning selective applications of technologies.! Due to
these magnification and centralization effects, the discourse involved in reaching a
screening decision is likely to be highly visible and thereby accessible for research
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This paper is the first of several which will analyze two cases of screening
technology decisions in Norway: ultrasound screening in pregnancy and
mammography screening for breast cancer. Here, I will examine the role played by
science in the two decision-making processes. Did science made clear
recommendations in the two screening controversies, and, if so, were those
recommendations determinant in the decision-making process?

This begs the question of why we should expect science to have any impact
on (medical) technology controversies, and there are a number of reasons why we
should NOT. One is the scope of the sub-issues potentially involved, many of which
(such as the value of a life saved relative to costs) are commonly seen as outside the
purview of science. Another is that the sub-issues are inextricably intertwined so that
even those seen as within the purview of science cannot be decided by science alone.
And even if one could isolate some “strictly scientific’ question from the whole, some
argue that technology questions are settled differently than in science. Constant?
proposes that in spite of some basic similarities (rigorous empirical testing,
communities of practitioners), and aside from any consideration of the social, moral
and economic issues involved, science and technology differ in two key areas: the
hierarchical structure of practice, and satisficing modes.

Constant sees technological practice as more hierarchically organized than
science. Where science bounds discourse within separate disciplines; technology
decomposes whole projects into sub-projects and forces cross-disciplinary cooperation
to solve problems encountered by the project as a whole. While both science and
technology can be seen as satisficing -- seeking solutions that are "good enough" --
Constant proposes that their criteria differ: Science explores a vicarious environment;
technology is confronted by a real one. Scientific anomalies can be explained and
reinterpreted endlessly; technological artifacts either work or they don’t (planes either
fly or crash, bridges stand or fall). Addressing that situation, technologists accept
simplifications and compensate by over-dimensioning; scientists, on the other hand,
seek sophistication and precision. '

Whether or not we see science and technology as separate practices, we do
expect science to settle technological controversies all the time.? In medicine, science
is legally mandated to take a decisive role. For instance, in many countriés new drugs
must, by means of a series of scientific experiments culmihating in replicated
randomized controlled clinical trials (RCTSs), be shown to be safe and effective before
they are allowed to be marketed. Other medical technologies are expected to conform
to the same standard of proof as a matter of professional eth‘i‘c‘s.4

2, How does science settle controversies?

Sociological theories of science differ as to how science arrives at conclusions,
but all see this as a process which takes some amount of time. Consensus does not
arise immediately or automatically from a correctly conducted experiment. In this
section I will present three theories on how science reaches consensus. These theories
imply different indicators of whether consensus has been achieved.




2.1.  The Mertonian model

According to the traditional Mertonian model’, science reaches consensus on
questions about its objects of study through adhering to two sets of norms: technical
norms and social norms. Technical norms pre- and proscribe methods of research.
Of the technical norms, that requiring logical consistency is universal to all fields of
science, while rules of empirical evidence are specific to their respective fields and
historical times. The status of RCTs as a "gold standard” for measuring the safety and
effectiveness of medical technologies would be an example of a field-specific
technical norm. Social norms (communism, universalism, disinteredness, and
organized skepticism) prescribe a set of behaviours within the scientific community
which serve both to delineate that community and to enable it to police adherance to
technical norms.

Consensus, according to Merton’s model, is the end result of a period of
organized skepticism. Various rewards can serve as indicators of that result.
Publication and citations especially are often used as indicators of the quality and
recognition of scientists’ work.® They may, however, also be negative sanctions
within the reward system. "Organized skepticism" is not brought to a conclusion by
referees alone. Acceptance for publication is only a first step in making work
available for critical evaluation by a scientist’s peers. Chastisement by those peers
may also occur in the form of citations, and referees and editors miay even publish
faulty work explicitly to subject it to such chastisement.” Consensus, then, is best
indicated by the relative numbers of positive and negative citations to published
work, rather than by total numbers of publications or citations. This differentiation,
though relevant for the Mertonian model, is more closely associated with the
discourse model discussed below.

2.2.  Ar interest model

Two groups of constructivist theories® —- discourse models and interest models
-- are relevant to analyze the issue of consensus. They share some precepts but differ
on others concerning measuring scientific consensus.

The two groups share the concept of "interpretive ﬂeXib’ility" - that there is
never only one logically defensible interpretation of a given set‘of observations. Thus,
experimentation alone cannot be decisive; social negotiations are required for an
interpretation to be accepted. Merton’s model also requires social negotiations, but
only to control that previously approved methods and logic have been applied. In
constructivist models, the very meanings of the data are socially negotiated. Collins®
calls the demonstration of the existence of this phenomenon the "first stage” of an
empirical program of relativism. Collins® "second stage" is the description of
mechanisms through which interpretive flexibility is limited, allowing consensus to
arise. Discourse models can be seen as directed at this problem, with Actor-Network
Theory as an exemplar of the group. As this theory is more recent, I will return to
it later.

According to Collins, "stage three" of the empmcal program of relativism
explams the directions taken by different groups’ 1nterprctat10ns in terms of the
groups’ interests. The interests claimed as influential are not merely the communal

3




interests of science as a whole or authors’ personal interests in pursuing a career
within the scientific community; they are particularist interests in pursuit of specific
goals, including social and political goals which would be considered external to
science according to the Mertonian norms of disinterestedness and universality.

In "Scientific judgment: The biometry-mendelism controversy,” MacKenzie and
Barnes™ reject explanations based on different sets of.’technical norms or
background texts, and propose a goal-oriented, interest-based explanation of the
controversy. MacKenzie and Barnes’ method is to identify communities on the basis
of shared activities, goals, and truth claims. They then seek to demonstrate empirical
and logical links between the respective communities’ goals and truth claims. Inter-
community controversies can continue indefinitely; but they can also be, or at least
appear to be, resolved. Resolution can occur if controverted truth claims and methods
come to be seen as serving the goal-interests of communities previously in conflict
with them. Or it appears to occur when new communities with new goals find the
claims and methods of several existing, conflicting communities useful.

2.3. A discourse model

In a sense, Actor Network Theory'' steps back to the second stage of the
empirical program of relativism by brackeiing the question of interests. While
accepting that interests do affect interpretations, Actor Network Theory does not
assume a simple one-to-one relationship. Group identities are not given a priori, and
causes (interests) are not readily deducible from effects (interpretations). Regardless
of the variety of interests which may result in a given interpretation, however, the
aggregate effect on consensus, arising from the working of texts upon texts, will be
the same.

According to Actor Network Theory, scientists "invest" their credibility, or
intellectual capital, in a cycle of resource acquisition. Submitting results to the
scientific community is one of many investments which may be made in different
"markets.” In each market, the scientist seeks allies who will support the scientist’s
project in various ways. In the scientific community market, support from allied peers
is offered in the form of acceptance of manuscripts by referees, positive citations
from readers, offers of employment, apprenticeship by students, etc. This support,
however, may not be a reward for good work; it is offered in the allies’ self-interest
in furthering their own work. From the point of view of a cited scientist, each
accepted manuscript, each positive citation increases the credibility value of my work.
From the point of view of a citing scientist, it may serve my interests to cite work
which I don’t find very credible (for instance because others do, or because a referee
has advised me to do so). It may serve my interests to distance myself from work
which I find highly credible (for instance if association with that work might
disqualify me from a job, or might make my own work seem less original). I may
even apply a modality inadvertently: I may not reflect on my choice of the phrase
"Latour claims" as opposed to "Latour has shown," but the result is there nonetheless.
If T write "Latour claims,” his statement is described as a meére speech act and the
content of his claim as an artifact of that act; "Latour has shown" points to
phenomena outside Latour’s speech act and the truth value of his claim is supported
by my implied acceptance of the objective existance of those phenomena. Regardless
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of my intention to reward or chastise, citation of another’s work has the effect of
transforming it from artifact to fact or fact to artifact. It is through this rhetorical
process that science arrives at and announces conclusions.

Another phenomenon Latour points out is that the content of the statement
itself is modified by its later users, even by those applying positive modalities as they
help establish it as fact. The following example illustrates this point:

"Ultrasound may become the best screening test for open NTDs. #5412

In form, this citation has a strong positive modality. Sources 93 and 94 are
implied to be previously established facts supporting the author’s new statement. The
text referred to in note 94, however, does not mention NTDs (neural tube defects)
and does not recommend ultrasound screening. In citing a text, a reader’s co-
authorship of the text becomes apparent. It is not the text itself, but the reader’s own
interpretation of the text which is cited -- a point which is especially clear when the
text 18 so radically reinterpreted as in the sample above. Thus, ‘according to Actor
Network Theory, in searching for consensus in the science community wé would need
to track changes in modalities referring to a truth claim and in content attributed to
that truth claim over time. -

As previously stated, the aim of this paper is to examine whether medical
science made clear recommendations in the two screening controversies, and, if so,
whether those recommendations were decisive in settling the controversies. This does
not require that I choose among the three models of how scientific controversies are
resolved. Instead, T will apply methods from all three. While the three models are
associated with different methods, they do overlap in that citations can serve as
indicators in each model. For this indicator, the differences among the models lie in
different interpretations and different utilization of the content and context of the
citations. _

In choosing citations as indicators of controversy and’ consehsus, I am
combining two traditions in social studies of science -- bibiométrics and controversy
studies. Though not entirely new (as witness my sources for theory and method in
this article), this combination is not common. Bibliometric methods are most
commonly used to study scientific stratification (performance, ‘status and impact using
citations as a measure of rewards) and specialization (diversification and selection
processes using shared citations as a measure of community membership).”® Resting
on the Mertonian model, this tradition brackets questions about the content of
controversy and consensus since these must be settled within science communities
according to technical and social norms. The study of controversies within the
Mertonian model is generally the study of rewards and sanctions applied to enforce
those norms. In the interest and discourse models, which do aim to study the content
of scientific controversy and consensus, bibliometric methods play a minor role. More
emphasis is placed on studies of rhetoric and on the instititiorial and historical
contextualization of that rhetoric.” For my purposes, however, three styles of
citation analysis will serve to answer my main question from the standpoint of each.
of the respective models. In the following section I will present the two controversies
which will be examined, the source and citing texts which form the data base on each
controversy, and the analysis techniques which I will apply.




3. Two data sets, three methods

I will examine two cases in which readily identifiable decision events occurred
at the level of the Directorate of the national health service. In both cases, conflicting
evidence from randomized controlled clinical trials (RCTs) had been presented at the
time when these decisions were reached. '

3.1. The ultrasound controversy

In the Fall of 1986, following a consensus conference,' the Directorate of the
Norwegian national health service decided to recommend that an ultrasound scan be
offered to all pregnant women at around the 17th week of pregnancy.’® A survey
of obstetrical practice conducted in preparation for the consensus conference showed
that obstetrical units responsible for 68% of all deliveries in Norway already offered
an ultrasound screening program and that 94% of all pregnant women delivering
during the week of the survey had received at least one ultrasound 'scan. On the
average, each woman had been scanned 2.45 times.!” De facto, ultrasouind screening
in pregnancy was already a fully diffused technology in Norway at the time of the
official decision.

As of 1986, results of four RCTs on the routine use of ultrasound in pregnancy
had been published. Three of the RCTs (the London trial,’® the Glasgow trial,”®
and the Trondheim, Norway trial”’) reported no statistically significant health
benefits from screening as opposed to selective use of ultrasounid. One' Norwegian
study (the Alesund trial®") reported a number of statistically significant benefits in
the screened group: decreased hospitalization rates, fewer inductions for post-term
pregnancy, fewer days of hospital stay for hyperbilirubinaemia, higher birthweights
among twins, fewer deaths due to growth retardation, and generally reduced mortality
and morbidity (statistical significance not reported). This study, however, had been
published only as a letter to the editor of The Lancet and as a paper af the consensus
conference held by the National Institutes of Health in 1984. The study had come
under criticism for inadequate publishing and for discrepancies between the two
reports.

I will focus on the reports from two Norwegian trials,” as these were the
focus of the Norwegian consensus conference. They have also been seen as
particularly important by several review authors® since they followed the same
design but arrived at very different conclusions. The two trials were, at least initially,
a cooperative effort. Eik-Nes (a gynecologist and international expert in ultrasound
diagnostics) trained the ultrasound operators at both hospitals and appears as a co-
author also in the publications from the Trondheim trial. Bakketeig (an international
expert in perinatal epidemiology) designed the protocol for the trials, although the
authors of reports from the Alesund trial have not listed him as co-author. Since both
first authors were involved in both texts, I will refer to the two articles by their
geographic sources as the Trondheim article (Bakketeig et al., 1984) and the Alesund
article (Eik-Nes et al., 1984) respectively. '

Citing texts were identified using three sources. The main source was Science
Citation Index for the years 1984-1991. Indeces from 1986-91 were available on CD-
rom. For these years it was also possible to check for related articles (articles sharing
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one or more references with an article already identified) and check these for referen-
ces in which Eik-Nes’s or Bakketeig’s name had been misspelled. Finally I checked
for the same misspellings in the hard-copy indeces for 1984 and 1985. A total of 55
articles (including one of the source articles) citing one or both of the source texts
were found through the Science Citation Index. Of these, one article proved
_ unobtainable.

The Science Citation Index does not index Tidsskrift for Den norske
Lzgeforening (TfDnl., the journal of the Norwegian medical association) nor the
International Journal of Technology Assessment in Health Care (IITAHC), journals
relevant to Norwegian health policy debate and international health technology debate
respectively. By checking the reference lists of all articles indexed under the keyword
"ultrasound" in the index issues of TfDnL for the years 1984-91, one letter to the
editor citing the source articles was identified. JTAHC was founded in 1985 and
comprises 30 issues so far. A search of the reference lists of all likely articles (judged
by title) revealed one article referencing the two source texts. _

These data are not 2 random sample from some larger "population” of articles.
They are the entire universe of articles in indexed journals and in two other
particularly relevant journals - all in all presumably the most influential set of
relevant journals - in which our two source articles are cited. Statistics estimating the
probability that correlations found in this universe are representative of some larger
universe are not appropriate. Raw correlations are real correlations and raw
distributions can serve as a measure of the robustness of these correlations.

3.2. The mammography controversy

Norway’s second consensus conference was held February 1989 on screening
for breast cancer with mammography. Again, the conference conclusions became
official policy. This time the conclusion was not to recommend screening until further
evidence confirmed benefit and clinical follow-up capacity had been developed.

In this case three RCTs had been published at the time of the consensus
conference. Two -- the Health Insurance Plan of Greater New York (HIP) study, and
the Swedish two-county (WE) study -- had reported finding significant reductions in
mortality from breast cancer. In the HIP trial, however, the study” group. Wwas offered
a combined screening program of both mammography and clinical examination
(palpation), making it difficult to estimate the individual contributions of the separate
diagnostic techniques. Meanwhile, mammography technology had evolved substantial-
ly since the HIP study, improving image clarity and reducing radiation exposure and
thereby making a test of mammography alone more attractive. Thé WE trial reported
a s1gn1flcant reduction in breast cancer mortality after screening with' mammography
alone.”

A White Paper commissioned by the Norwegian health authorities®® concluded
that it was indisputable that a well-organized mammography screening program
would reduce mortality from breast cancer in women over 50 years of age after a
time, but that it was unclear what the magnitude of that reduction would be. The
commission also concluded that clinical mammography in Norway was inadequate
to receive the burden of follow-up tests a screening program would generate. They
recommended that measures first be taken to ensure the availability and quality of
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clinical mammography, and that a screening program for women 50 74 years of age
be initiated following those measures.

As of 1989, these recommendations had not yet been acted upon. Although
screening was offered by several private radiology clinics and clinical (selective)
mammography was offered by most hospitals, only about 60 000 women had
‘mammograms in 1987.” Screening a target population of women ages 50-74 would
have resulted in approximately ten times that number of examinations.” The 60 000
examinations did not, however, represent one tenth of such a screening program,
since they also included an unknown number of voluntary screenees under age 50 and
another unknown number of selective examinations of women presenting with
symptoms. Meanwhile, another RCT (the Malmo, Sweden studyzg) had reported an
observed mortality reduction, but the difference between study and control groups had
not achieved statistical significance during the time span set in the trial protocol.
~ Although the researchers themselves recommended screening (on the basis that the
study and control groups had been more "diluted” than anticipated by non-attendance
and voluntary mammography respectively) these results encouraged others toward
greater skepticism. Mammography screening was neither fait accompli nor undisputed
recommendation when the consensus conference convened.

Later, a Canadian trial”® and a trial in Stockholm, Sweden,® both published
confirmational results. In 1992, results of a meta-analysis of the three Swedish trials
were presented at a national conference.” Unsurprisingly (the WE-study being by
far the largest of the three Swedish trials), the meta-analysis ‘found significant
survival benefit for screened women. Earlier that year, the Norwegian minister of
health and social services announced that the government was prepared to contribute
financing to a tnal pro;ect to test organizational models for a mammography
screening program.” That program is now under planning for possible
implementation in three counties in 1994, g

The Norwegian consensus conference on mammography screening for breast
cancer focussed on three randomized controlled clinical trials which had been
published by that time, and I choose to do the same. (The more recent decision to
begin implementing screening is explicitly based on the Swedish meta-analysis, which
is not yet published. Effects of the Stockholm and Canadian trials will be measured
only indirectly as changes (if any) in consensus on the previous three trials.) The
three are the Health Insurance Plan of Greater New York (HIP) study, the Swedish
two-county (WE) study and the Malmé study. Each of these studms has resulted in
a number of publications, not all of which I have been able" to obtain. Using the

"related articles” and "citations" features of Science Citation Index and the citing
texts contents, I identified 32 articles used by later citers to-refer to the HIP study.
Six of these were cited more than two or three times with reference to the main
conclusions of the study, and five of these again proved obtamable M I have used
these five as a basis for coding decisions. :

Similarly, I identified 20 articles stemming from the WE study, seven of
which® were the prime sources with reference to the screening issue in later citing
articles, and eight from the Malmé study, one of which®® was cited frequently for
the study’s main conclusions,

Due to the large number of potential source articles and the many authors’
names and potential misspellings thereof, T made extensive use of the "related
articles” feature and, when in doubt, included possible citing articles in the search
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file. My initial search resulted in 122 possible citing articles from 1986, 111 from
1987, 144 from 1988, 168 from 1989, 180 from 1990, 155 from 1991, and 214 from
the first six months of 1992. To cope with this large mass of texts, I decided not to
search non-indexed journals and to limit my analysis to the 1986 and 1992 citations.
Many citing texts turned out to refer to other sources by the HIP, WE and Malmé
authors or by authors with similar names. This was especially the case for 1992,
which was the first index I searched. Eliminating articles unobtainable through
interlibrary loan and articles which turned out when obtained not to contain the
searched references, the 1986 material was narrowed down to 89 articles and the
1992 material to 57 from the first six months.

In a sense, the mammography data have been sampled. Nonetheless, statistical
tests of significance are inappropriate. The data represent, as in the ultrasound case,
complete populations of citing articles, but from two points in continuous time. If
these two points are taken to represent the whole span of that time, thien the course
of the development of consensus is taken to be linear. None of the theories being
applied in the analysis assume linearity. Nor do they assume that any particular form
of line or curve is more stable than another; a horizontal line (the same degree of
consensus over many years) is as probable as a vertical one (sudden rejection or
acceptance) or an evenly sloped one (gradual rejection or acceptance) or one that
changes among all these shapes any number of times. A claim’s position on a scale
of acceptance at any given point in time is no basis for prediction of its position at
some later point in time. Thus, there is no basis for testing fér probable departure
from linearity or for empirical departure from predicted degree of consensus. We
must refrain from using the two points in time as indicators of the longer period, and
see them instead as complete representations of those two polilnts.'

3.3 Three methods

I have analyzed the data in three steps. The first step refers to the Mertonian
model. In this step I interpret citations, regardless of modality, as rewards. To
differentiate rewards between positive and negative citations, I recorded the citing
articles” main conclusions according to their agreement or chsagreement with the
conclusions of the source articles.

The second step of the analysis refers to the interest model. Tn this step I have
followed up on hypotheses referring to authors’ identities and interests, and arising
from a closer reading of the texts. One hypothesis was that gender issues (both
proposed screening programs are directed at women) might influence standpoints. To
test this, I compared articles’ main conclusions with their authors’ gender (one or
more female (co-)authors, no female authors). Another hypothesis was that there
might be two medical research communities, one oriented towards clinical practice
and one towards epidemiological issues. This was tested by linking main conclusions
with supporting arguments and with citations to central clinical or epidemiological
texts other than the source texts. This analysis was carried out only on the ultrasound
material.

The third step refers to the discourse model and applies the modality scale
presented in Figure 1. For this step, I read each citing text, idchtifying explicit and
implicit references to the source texts and coding these according to the version of
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the source text or texts they referred to and the modality applied in the reference.
This process posed a number of problems. The first was how to decide what
constitutes a single statement. It became immediately clear that there were no
inflexible syntactic rules to follow. A paragraph might constitute a single statement;
a sentence might break down into several statements. In retrospect I realized that the
coding scheme and my active reading/rewriting of the texts ‘were ‘guiding my
decisions: Each change of modality or referent text constituted anew statement. Thus
my results are in part artifacts of my analytical instruments and personal perceptions,
as in all science.(ref) Taking a more positive view, the analytical instrument also
serves to discipline my personal reading of the texts, thus reducing the effect of
ideosyncratic perception. '

A second problem was determining which statements referred to the source
texts. Frequently a citing anthor would footnote an initial reference and then continue
for some paragraphs referring to the same text by means of an appropriate generic
term or pronoun. Eventually - other references and long passages having intervened -

the referent sometimes became unclear. I have only counted statements which I was
absolutely certain referred to one or more source text(s). ,

The third problem was assigning referent text versions to the statements.
References to articles claiming positive findings and stating positive conclusions (the
Alesund, HIP, and WE articles) were generally not a problcmi ‘References to these
claims varied up to +/- 10% in the relative survival benefit attributed to the source
claims, sometimes due to differences in the delineation of the precise populations
referred to. I ignored that detail, aside from which all references referred correctly
to the findings and conclusions of the source texts as positive, References to the two
articles with non-significant results (the Trondheim and Malmé articles) sometimes
claimed these source texts to have positive results. The Trondheim article points out
some non-significant positive trends in the trial data, but does not claim these as
confirmational results and concludes against screening until confirmation has been
found. I have therefore coded all references to confirmational results attributed to the
Trondheim trial as references to a radically reauthored version of that text, either to
its partial or main conclusions depending on the precise formulation of the reference.
The Malmé authors present their results as positive. The reservation that the results
are non-significant appears only in a footmote. The non-significance of their results
is explained in terms of "polution” of the test and control groups through non-
compliance and voluntary screening respectively, and the authors conclude in favor
of screening. References to the Malmd trial as confirmational I have coded as
positive references io the main conclusions and/or (depending on’ their precise
formulation) negative references to partial claims, both in their original form.
References to the Malmo trial as non-confirmational T have coded as positive
references to partial claims and/or negative references to main conclusions.

The fourth problem was assigning modalities to the statements. Latour™
describes a method for assigning and interpreting citation modalities. The method
involves classifying individual statements® involving explicit or implicit citations
according to their semantic structure and function. Positive modalities point toward
the referenced objects of the cited text, reasserting the factual status of the text
independent of the conditions of its production. In other words, the statement cited
is taken to be objectively true. Negative modalities point toward the conditions of
production of the cited text, realerting readers to the conditional, artifactual status of

10




Figure 1: An illustrated scale of citation modalities

Classification ~ Semantic structure Example
Factual Previously established none
++ fact silently assumed in
production of new state-
ments
Factual Previously established none
+++ fact used as support
for new statement with-
out citing source
Factual Cited text used as "(WUiitrasound screening has been
++ support for new shown to reduce perinatal mortality
statement and morbidity.*""
Consensual New results taken "This study has confirmed that a single BPD
+ to support those of measurement in the third trimester is a poor
cited text predictor of SGA 2 ™
Neutral Citation points to "Allocation of subjects: This was done using
-+ conditions of production  formal randomization with opaque, sealed

Non-consensual

Artifactual

Artifactual

of cited text in neutral
Or supportive terms

Citation claims new
results contradict
claims of cited text

Citation claims errors
in production of
source statement

No citation ever

envelopes in the Norwegian trials.”

"In contrast to the wrials of Bakketeig et al®

and Walden-som et al,? a significant reduction
in the number of inductions for post-dates
pregnancy was not shown in this study."”

"A possible source of bias of the Alesund
study was that fetuses with anatomic defects
detected by screening were deleted from the
screened group, resulting in some loss of
randomization."” '

none




the source text and thus weakening its status as objective fact. Given that a statement
gets cited at all, it will go through a career of modalities moving it _gradually towards
status as fact or as artifact. Early in this career, even citations with supportive intent
may be structured as negative modalities: Since the statement is still unestablished
' as fact, they may point to the quality of the research behind it in order to strengthen
it. This is one indication that we have a scale, rather than a patr of modalities, along
which a cited statement will be moved over time. During initial exploration of my
- data, 1 devised the scale which is illustrated in figure 1 below.

Note that both the strongest positive and the strongest negative modalities are
no reference at all. One needs to trace the course of a statement’s citation career over
time in order to differentiate between the two, assuming that non-citation can be
identified at all. Note too that if we interpret positive and negative modalities as
rewards and sanctions respectively, this classification scale is also relevant to the
normative-structuralist model.

It is important to note that these modalities, following the method of
interpretation implied by Latour, do not necessarily reflect the' intentions of the
statements’ authors. The point is whether readers of the statements, guided by
conventional grammatical and lexical rules, are likely to have their attention directed
towards the conditional and/or controversial status of the source texts or to their
factual and/or consensual status. The citing author, however, may be unaware of this
effect of the precise form of the citing statement. It is after all unlikely that these
authors are aware of, not to mention concerned with, this type of analysis. A pair of
statements may differ in only one word (for instance "proven" or "shown" as opposed
to “reported,” "suggested” or "claimed”) and thereby fall into diametrically opposite
categories. It is by no means certain that the citing authors have made a considered
choice between the words "shown” and "reported” in terms of their positive and
negative modalities respectively. The formation of modalities in a citing text may
serve other purposes for the citing author than that of supporting or undermining the
claims of the cited text.®® Thus the directions in which user duthors move cited
texts, as measured by the modalities of the statements they apply to them, may not
correspond to their own opinions of those texts. Nonetheless, keeping the above-
emphasized point in mind, assigning modalities to the cmng statements was the most
straightforward of the steps involved in the analysis,*

4, Did science settle the ultrasound and mammography controversies?
4.1. Distribution of rewards

In the ultrasound material, thirty-four of the fifty-seven citing texts cite both
the Trondheim (Bakketeig et al 1984) and Alesund (Eik-Nes et al 1984) articles.
Twelve texts refer only to the Trondheim article and nine (including the Trondheim
article) refer only to the Alesund article. The result slightly favours the Trondheim
study, but not enough to be considered a consensus. Another indicator of citing
- authors’ (and their accepting editors and referees’) intention to reward sources is the
articles’ main conclusions. Articles citing only the Alesund study tend to favour
screening with ultrasound in pregnancy (which the Alesund article recommends). No
articles citing only the Trondheim study (which reports not having found any
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significant benefit from screening) do the same. Opinion among those citing both
studies and in the material as a whole is evenly divided between support and
opposition to-screening. This is shown in Table 1.

Table 1. Citing articles’ standpoint on ultrasound screening by source article(s)

T 7 cited
Alesund both Trondheim |
cited cited cited Total
supports
screening 5 12 0 17
indecisive 0 7 1 8
opposes
screening 2 12 3 17
other
agenda 2 3 9 14
Total 9 34 13 56

Both citations and conclusions indicate an ongoing controversy. Table 2 shows the distribu-
tion of articles’ conclusions on screening by their year of publication.

Table 2. Citing articles’ standpoint on ultrasound screening by year of publication.
1984 1985 1986 1987 1988 1989 1990  1991/92 Total

supports

screening 1 2 3 4 2 3 2 0 17
indecisive 0 2 1 3 1 0 0 1 8
opposes

screening 2 3 1 0 2 3 6 0 17
other

agenda 0 0 2 0 4 3 4 1 14
Total 3 7 7 7 9 9 12 2 56

In the mammography case, the large and increasing number of citing articles per year led
me to expect that the texts would reveal a similarly lasting and perhaps more heated controversy.
This expectation was further encouraged by some of the articles’ titles and the contrast between
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these and the first few texts I read. An example might be this text excerpt which adamantly
claims closure in favour of screening:
As Strax and Shapiro, Tdbar, et al., and Verbeek, et al., have shown, there can be no
doubt that screening women over age 50 with even limited examination and periods for
as long as three years between screens is effective, even in the short term, in reducing
breast cancer mortality. Therefore, the key question concerning early detection has been
answered clearly, unambiguously and beyond doubt™
in contrast with these titles expressing doubt and controversy:
Breast Cancer Screening -- A Different Look at the Evidence™
Screening Mammography for Older Women -- A Case of Mixed Messages™
Mammography is Fallible®

As I read more and more of the actual texts, however, this expectation was put to shame.
Table 3 shows the distributions of the citing articles’ positions on mammography screening by
year of publication and by source studies cited. In 1986, 74 of the 89 articles cite the HIP study.
Only three of them (4%) take a negative standpoint to mammography screening. Six (8%) are
indecisive and 16 (21%) have some other agenda. 54 articles cite the WE study; only 3 of them
(6%) negative to mammography screening, 4 (7%) indecisive, and 7 (13%) having some other
agenda. Only four articles cite the Malmb study, which had not yet published long-term follow-
up results. In other words, as of 1986 there seems to be an overwhelming consensus, Twenty
articles (22%) have some other agenda, for the most part one which assumes the benefit of
mammography screening. Of the articles dealing directly with the screening controversy, 55
(75%) favor mammography screening while only 4 (6%) oppose-it; 10 (14%) are indecisive.

Table 3. Citing articles’ standpoint on mammography screening by year of

publication.
1986 1992
;]ppOI‘tS screcr;i-r—lg 57 o 3—3 -------------------------
indecisive 7 6
opposes screening 4 5
other agenda 21 13

In 1988 the Malmd study group published their first follow-up results. Although they
concluded in favor of screening, the reported survival advantage is not statistically significant.
Did this have any effect on the consensus apparent in 19867 It would seem so, but not a dramatic
one. In 1992, a larger minority of the articles cite the Malmd study (15 of 57) and, compared
with articles citing only the other studies, a larger but still minority proportion of these fifteen
are critical to screening (three, or 20%). Articles citing the HIP- and WE-studies, however, are
still by far the majority and massively in favor of screening.

Taking a Mertonian standpoint, RCTs are the method most favoured according to the techn
ical norms of medical science for evaluating medical technologies. I have argued that citations
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and citing article’s conclusions serve as rewards within the social norm system and thus as
indicators of consensus. On this basis, I find that the medical science community did not reach
consensus on the merits of ultrasound screening in pregnancy during the period 1984-early 1992.
In spite of the fact that only one study, published only in the form of an unrefereed letter,
claimed to have found statistically significant benefits from screening, opinion among citing
articles was evenly divided throughout the period. In the question of mammography screening
for breast cancer, the medical science community appears to have been in a state of consensus
both in 1986 and early 1992 to the effect that mammography screening was beneficial. The one
study which did not find statistically significant benefits has had little or no impact so far. Both
cases could be interpreted as showing a tendency towards confirmational bias. Let us now see
whether these conclusions are born out according to the other two models.

4.2. Groups and interests

While advocates of the Mertonian and discourse models claim to demonstrate whether and
how scientific controversies are settled, advocates of the interest model claim to be able to
discover why specific conclusions are arrived at. They claim to find this "why" in the goals and
interests of those who reach any given conclusion, and to find-those by examining scientists’
standpoints, arguments, and affiliations. ' 5

In the citing articles themselves, I found two clues as to what factors might be affecting
how the source articles were being received. One clue came from the citing authors’ names, the
other from the arguments presented in their texts.

Articles are listed in Science Citation Index by authors’ last-hames and first initials.
Having acquired and read the articles, I also had access to most authors’ first names. In the
ultrasound case, it seemed that articles with women among the authors tended to oppose
screening, while articles with no women among the authors tended to support it. Perhaps a hidden
gender agenda was at work in the medical academic debate on ultrasound screening in pregnancy.
The technology, after all, is applied only to women and explicit gender issues were frequent in
my interview material.* Some issues seen as explicitly gendered by my interview informants
(for instance reliance on clinical data rather than women’s reports of menstrual dates for the
estimation of gestational age) were present but not explicitly gendered in the citation material.
The hypothesis of gender interests affecting conclusions was plausible. First names were still
missing, however, for authors of 13 of the 56 articles. When the genders of the authors of all but
four articles had been waced, the correlation between gender and opinion had entirely
disappeared. Regardless of their classification, the remaining four artlcles would not have
recreated a gendered pattern.

The other clue was in the arguments offered for the authors’ evaluations of the cited texts
and/or for their own positions on screening. There seemed to be a correlation between opinions
on screening (and on screening trial results) and two different sets of criteria for what constituted
adequate scientific documentation of the efficacy and safety of a medical technology. I think of
the two as "epidemiological" versus "clinical” points of view. The choice of terms was not only
due to the fact that the first author of the Trondheim article is an epidemiologist while the first
author of the Aalesund article is a clinical gynecologist. The epidemiological viewpoint
corresponds to a program of making epidemiology (or the inter<disciplinary field of medical
technology assessment) a medical meta-science. This program is presented by Cochrane® and
by McKinlay" explicitly as a program to change the decision-making process in medical
technology questions.” The existence of such a program can be further documented by the
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contents of the International Journal of Technology Assessment in Health Care, for instance by
such special issues as that on "Educating practitioners in the appropriate use of technology.™*

The epidemiological viewpoint is recognizably Popperian and Mertonian. Until the null
hypothesis has been tested through credible methods (RCTs), rejected with statistically significant
results, and the results subjected to peer review, published, evaluated and replicated, the
hypotheses could not be assumed to be true. The hypotheses are that the technology is beneficial
and unharmful. The null hypotheses are that there is no difference between treated and untreated
groups or that untreated groups fair better than treated groups. In the ultrasound case, three out
of four RCTs had found no statistically significant benefits for the screened groups. The fourth
trial was both uncorroberated, inadequately published, and presented with conflicting descriptions
of protocol. Later, a fifth RCT* also reported no significant benefits, while a sixth™ reported
a reduction in perinatal mortality which was entirely attributable to the early abortion of fetuses
diagnosed with serious malformations. To the epidemiologically oriented, one could not under
the circumstances assume screening with ultrasound to be beneficial. As-to the question of harm,
harmlessness can never be proven. Although the RCTs had not reported finding any harmful
effects, no long-term follow-up studies had yet been carned out and some possible short-term
effects had not been studied.

The clinical program is less readily documented. It is 1mpl1cd -- but also implied to be
obsolete, irrational and unscientific -~ by the proponents of the epidemiological program. I have
found only one written source which presents the clinical viewpoint as legitimated by clinical
circumstances.”® Yet, in informal conversations, all health services researchers I asked for
references on this point agreed that clinical circumstances do legitimate a non-epidemiological
point of view. This because clinicians are confronted with individual patients whom they seek
to diagnose, cure, andfor comfort on an individual basis. A technology which may not be
demonstrably beneficial at a population level, may still be beneficial in certain individual cases.
Thus, clinicians have an interest in maintaining access to the largest possible number of
alternative technologies. This might lead them to credit a different sort of evidence than do the
epidemiologically oriented. Rare benefits might not make for statistical significance, but could
nonetheless be convincingly shown to result from the technology in question. If such benefits had
been found and harm had not, then harm could be assumed to be less probable than benefit. This
was how the evidential status on screening with ultrasound in pregnancy was presented by those
I called clinically oriented.

The following excerpts from articles skeptical towards ultrasound screening cover several
of the points I consider typical of the epidemiological viewpoint. They emphasize the value of
a randomized trial, insist on the duty to publish, reject all but statistically significant results, and
remind that safety cannot be assumed. They bring in the issue of costs, and position themselves
as on morally superior ground to that occupied by "lay" doctors:

The only randomized trial to suggest that routine ultrasonography has any beneficial
effects on substantive outcomes of pregnancy is that conducted in Alesund, Norway, by
Eik-Nes and colleagues in 1979 and 1980. This potentially important trial has never been
fully reported in a scientific journal. The reports that are available are contradictory in
a very important respect. (...) This inconsistency between the only two reports of this trial
is clearly of great importance in any attempt to answer the still inadequately addressed
question of whether routine ultrasonography is preferable to selective ultrasonography (as
opposed to withholding ulirasonography completely). Again, substantial health service
resources are involved, and furthermore, there is no basis for assuming that routine
ultrasonography is innocuous.>
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Since clinical trials have failed to show a benefit of routine ultrasound testing, the
safety of fetal exposure to ultrasound has not been definitively established, and it
is likely to cost more to screen than not to screen, then it is legitimate to ask why
routine ultrasound testing is a controversial issue. Why do some support its use?>

In contrast, these excerpts from articles supporting ultrasound screening use arguments
which typify the clinical standpoint. They emphasize anecdotal evidence that ultrasound screening
provides diagnosis, comfort, and/or cure even though this may-not be demonstrable statistically.
They reject RCTs as irrelevant and impractical and elevate benefits morally over any question
of costs: : .

Serendipitous findings were especially important in finding fetal anomalies. Routine
ultrasound provided the obstetrician with reassurance in normal pregnancies.™

Randomized controlled irials have not and are unlikely to answer the question of cost-
benefit. It is difficult to cost the benefits, such as the savings that are associated with the
abortion of an anomalous fetus. Such an analysis will vary depending on factors such as
the type of equipment, operator expertise, and relative costs in different countrieas ar
different times. Published studies become dated rapidly as equipment and training improve,
and more markers of severe disease (for example, subciitaneous occipital skin thickening
in Downs' syndrome) and new diagnostic criteria (for example, the head signs of spina
bifida) are described.”®

According to the interest model, the epidemiological/clinical dichotomy in medicine can
be explained in terms of goal orientations inherent to different careér situations, but also exists
as an ideological choice available independent of career situation. Thus it would have been both
difficult and inconclusive to trace all the authors’ and co-authors’ places and categories of
employment at the time the articles in the data set were written, Instead, I carried out a limited
co-citation analysis. I chose two authors as indicators of an epidemiological orientation: Ian
Chalmers and Stephen B. Thacker, both internationally known epidemiologists who had published
on the subject of uiltrasound screening in pregnancy and/or on the evaluation of research
publications. I chose two other authors as indicators of a clinical orientation: Stuart Campbell and
M Hansmann, both internationally known gynecologists who had published on ultrasound
screening in pregnancy as well as on techniques for ultrasound scanning and analysis of
ultrasound images. After consulting with a gynecologist research colleague, I added the names
of three more clinical gynecologists with similar reputations and publication records: Per-Hakan
Persson, G Gensser and Sturla Eik-Nes. In the latter instance I- chccked for references to
publications other than those from the Alesund study.

Table 4 shows the distribution of opinions on screening among papers citing Chalmers
and/or Thacker, papers citing Campbell, Hansmann, Persson, Gensser and/or Eik-Nes, papers
citing from both groups and papers citing from neither group. The table indicates several things
to me. First, I take the fact that most articles which cite from neither group have some other
agenda as support for the choice of indicator references. It would seem that we are looking for
the key references for writers engaged in the ultrasound screening debate. Next, I see the table
as supporting the hypothesised effects of an epidemiological versus a clinical point of view. None
of the articles citing the indicator epidemiologists and not the indicator clinicians supports
screening. The majority of articles citing only from among the clinicians support screening.
Articles citing among both groups are evenly divided. Finally, T see the table as hinting at another
hypothesis, namely that the epidemiological orientation has a weaker standing within medicine.
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It seems that even those opposing screening are under some inclination or obligation to cite more
clinical evidence than the rct’s, while neither they nor those supporting screening are equally
inclined or obliged to cite sources on epidemiological method or epidemiologists” evaluations of

the clinical evidence.

Table 4. Citing articles’ standpoint on ultrasound screening by other indicator citations.

cites among cites among cites among cites from

indicator both indicator neither

epidemiolo- indicator clinicians  indicator

gists groups group Total
supports
screening 0 5 10 2 17
indecisive 2 2 2 2 8
Opposes ~
screening 5 4 7 1 17
other
agenda 1 2 3 8 14
Total 8 13 22 13 56

The massive consensus in the mammography material makes it difficult to test for a split
in interpretations of the source texts between epidemiologically and clinically oriented citing
authors. Only nine out of 146 citing articles take a negative position on mammography screening.
There is no point in dividing up the two groups according to co-citations (or by any other criteria
for that matter) to search for differential trends. A qualitative approach does, however, indicate
that a similar epidemiological/clinical split may be operative. Three of the nine critical articles
focus on a close examination of the statistics of the source texts. As illustrated in the excerpts
below, this focus emphasizes the implications of those statistics on a population basis:

As for the absolute risk reduction, women and health care purchasers should be made

aware that this can range from 0.02% to 0,0001% .

Advocates of breast cancer screening may accurately guote the HIP and SNBH {another
acronym for WE] studies as showing a 25% to 30% relative reduction in mortality rates
for breast cancer in older women, but in any analysis of costlharm/benefit, it is essential
to consider the absolute [emphasis in original] changes in mortality rates (Tables IV and
V). The absolute reduction in breast cancer mortality rate was 0.144% and 0.049% in the
HIP and SNBH studies, respectively. This may also be stated differently: 1 in 694 (HIP)
or 1 in 2041 (SNBH) women screened derived actual benefit in terms of increased survival
with breast cancer. If this is designated as the actual [emphasis in original] benefit rate,
then the ratio of harm to benefit for breast cancer screening ranges from 21:1 to 62:1.5

18




Only one of the screening-supportive citing articles is similarly concentrated on statistics.
This article™ makes the point that while there may be no statistically significant difference in
outcomes between the screened and unscreened groups under age 50 in the HIP study, neither
is there any statistically significant difference between the screened group under 50 and the
screened group aged 50 and over, for which a survival advantage has been proven. On this basis,
the author concludes that the HIP study does contain evidence for a benefit from screening for
women under 50. This maneuver, which discounts the role of the control group, is not likely to
win acceptance from professors of epidemiology.Aside from these four who focus on statistical
manipulations, all other citing authors simply take the source texts’ claims of relative survival
advantage at face value and accept or reject these claims on the basis of test designs and/or
reproducibility -- an approach which cannot be exclusively attributed to one or the other of the
two paradigms.

Summing up so far, the interest model offers, at least as a hypothesis, an explanation for
the tendency towards confirmational bias found in the previous section. This bias could be due
to the epidemiological/clinical split and the dominance of the clinical standpoint in the medical
litterature as a whole. In the mammography case, this split“cotld” be neutralized by the
statistically significant confirmational findings in the majority of the randomized trials, findings
which would lead both the clinically and epidemiologically oriented to confirmational
conclusions. While the hypothesis seems reasonable given available evidence, the material in this
study is not sufficient for a thorough test.

4.3. Artifacts and facts

According to the discourse model, citing authors’ convictions and intentions are not
necessarily relevant. Regardless of authors’ intent, texts turn the claims of other texts into fact
or artifact. According to Latour, we should expect each source articles to have a career over the
years, starting with neutral (technically negative) modalities of reference to the whole or parts
of the article. If the article is successful and comes to be seen as e‘Stains‘hing fact, references will
tend more and more towards positive modalities - for the whole article if its main argument is
seen as factual, for single statements if only parts are seen as factual. If the article is
unsuccessful, references will tend more and more towards negative modalities.

Figures 2 through 6 map the distribution of citing statements’ modalities for each of the
source texts. For the ultrasound source texts, modalities are shown for the periods 1984 through
Spring 1992. For the mammography source texts, modalities are shown for 1986 and the first six
months of 1992. Each dot marks a single statement according to year of publication, modality
and version of referent text. Dots grouped together by a ring are statements from the same citing
article and falling in the same category. Numbers above the dots refer to a numbered
bibliography which can be obtained from me on request. For comparison, the articles’
conclusions re screening are noted at the bottom of each table. This makes it possible to explore
the maps in some detail, but they are also designed to be read in terms of overall graphic
impressions: On graphs of successful articles and/or claims, dots shotild drift towards the upper
right-hand comer. Unsuccessful articles and/or claims should have graphs with few marks and/or
show a drift towards the lower right-hand corner.

A first graphic impression from scanning the graphs of the ultrasound articles is that the
Trondheim article has been somewhat better received than the Alesund article. Where the
Trondheim article is debated, the Alesund article seems for the most part to be rejected. This
does not correlate entirely with the citing authors’ own standpoints on the screening question, It
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seems to be an effect of the citations serving different purposes in the citing texts. Many
screening advocates seem to have one of two reasons for claiming the “Alesund trial to have been
too small, unreproduced and therefore inconclusive: either to justify their own trials as a quest
to finalize a tentative finding, or because the same arguments they apply to weaken the negative
trials also apply to the positive one. '

Furthermore, much of the difference in trends between the two articles can be attributed
to a few thorough review articles. Due to their thoroughness, each of these contributes a large
number of statements about the source texts. Review articles tended to have far more citing
statements than other types, and review articles tended to oppose screening.®

This raises the question of which is more influential on readers’ conceptions of fact versus
artifact.”” Are we as readers more swayed by our own critical readings of original texts? by
secondary authors’ conclusions and intentions? by the sum of secondary authors’ individual
statements? by some secondary authors more than others? Do review articles have high status due
to the honorific and authoritative position of those invited to write them? or due to the
thoroughness of their analysis and the sheer number of statements they make about the articles
they review? or don’t they have high status at all? In other words, is opinion on the Trondheim
and Alesund articles almost evenly divided, as indicated by the the citing articles’ conclusions?
Or has the Trondheim article been slightly more successful, as indicated by the number of citing
articles? Or have the claims of the Trondheim article, though still disputed, been considerably
more successful than those of the Alesund article, as indicated by the modality analysis?

Another impression which runs contrary to one ‘of comparative success of the Trondheim
article relative to the Alesund article is the frequency of positive' finds attributed to the
Trondheim article which its authors do not claim. Eight articles (one each in 1985, 86, 87 and
88 and two in 1989 and 90) make one or more such re-authored references. There are fifteen
such statements in all -- ten in positive modalities, three neutral and two negative. One of the
eight articles containing this type of reference concludes against ultrasound screening, three have
other agendas, two are indecisive, and two favor screening. ik

This phenomenon of refemng to re-authored versions of the source text was practically
absent in the other cases.®” Could this be a sign of the well-known confirmational bias in
science journals? Could it be that not only are articles claiming positive results more likely to
be submitted, accepted, and cited,”® but that readers’ reanthorship of articles showing negative
results further contributes to this bias? And if so, is this a matter of the science community
rewarding (in this case, even non-significant) confirmational results, in conflict with the norm
of skepticism, but otherwise in keeping with the normative behavioural structures of the
community? Or are these reinterpretations somehow a product of éarlier readings of the original
text?

Finally, it would seem that what success either of the ultrasound articles has enjoyed may
be dabbing off in recent years. This impression comes from the accumulation of references to
single statements and partial conclusions in 1989 and 1990, followed by a drop in references
altogether in 1991-92. Could it be that both studies are seen as no 10nger crucial to the debate
on screening with ultrasound in pregnancy?

In the mammography case as well, articles taking a position in favor of the claims of the
source texts may nonetheless contain negative modalities towards those claims for other reasons.
The opposite is also true: opposing texts sometimes contain positive modalities. For the main
claims of the studies, there are only a handful of negative modalities, while statements with
positive modalities are so numerous, especially towards the HIP and WE trials, as to stretch the
capacity of the graphs to contain them. Modalities toward partial claims’ show a more negative
trend in the HIP case and a less emphatically positive trend in the WE case, but there are few
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such statements compared with statements referring to the main conclusions. It would seem that
these studies have been the object of mild criticisms directed at minor points of method and
analysis. There are no instances, as I read the texts, of the claims of the source texts being
radically rewritten.

I have no evidence for concluding which of the indicators of the acceptance of the source
texts -- modalities or citing authors’ conclusions -- has the greater influence on secondary
readers’ acceptance of those texts. In this case, however, it does not seem important to find such
evidence. For while the two indicators may not match well within an individual citing text, the
- overall impressions from the modality analysis and the rewards analysis are the same. In the
ultrasound case, both indicated an ongoing controversy, but of different degrees. The modality
analysis showed a trend towards closure in favour of the Trondheim trial conclusions, but
compared with the signs of consensus in the mammography case, that trend was not a strong one.
In the mammography case, both analyses indicate an overwhelming consensus.

In the ultrasound case, I found evidence of confirmational bias in the citing authors’
readings of the source texts. This bias also shows up in the mammography case, but in a different
and perhaps more conventional way. In the ultrasound case, one sign of the confirmational bias
was the number of radical reinterpretations of the one study which claimed not to have found
statistically significant benefits to the screened group. In the mammography case, no source
articles making such a negative claim were found, although one source article bases its positive
claims on non-significant results. This is in line with the widely acknowledged confirmational
publication bias. A confirmational citation bias may be evidenced by the small number of
citations received by this article and the large proportion of those citations which support the
article’s main claims and ignore the lack of statistical significance.

5. What impact science?
5.1. What impact science?

The main question addressed in this article has been what impact science had on the two
screening decisions. The main answer is: Not much. Regardless of which model of science and
consensus we apply, that answer remains the same.

In the ultasound case, we found that medical science as a whole has not reached consensus,
although the Mertonian and discourse models shows a slight trend against screening.
Nevertheless, ultrasound screening in pregnancy has been standard practice since at least 1986
and official policy since 1987. The interest model provides a possible explanation for both the
lack of consensus and for implementation in spite of that lack. The explanation hypothesizes a
dichotomy between epidemiological and clinical interests, one which echoes Constant’s
dichotomy between science and technology issues. According to Constant, science explores a
vicarious environment in pursuit of precision and sophistication of theory and method. Similarly,
the epidemiological approach addresses relatively abstract issues of population level benefits and
costs, and insists on certain methodological standards to reach reliable answers. According to
Constant, technology issues are practical and confront reality directly, accepting simplification
and compensating through over-dimensioning in favour of immediate solutions. Similarly, the
clinical approach is directed at immediate patient:provider 1nteract10ns Rather than sophisticated
measures of population-level costs and benefits, clinicians are concerned with individual
outcomes. The rare life saved may be statistically irrelevant, but as an individual outcome
represents a 100% improvement. The acceptance of new technologies based on anecdotal
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evidence of rare benefits can be seen as a form of over-dimensioning -- here directed at medical
treatment rather than technological development as a project. Interestingly, in medicine the two
communities seem to share the same journal fora as well as the same professional training.

Evidence for an epidemiological/clinical dichotomy was both the arguments offered in
support or opposition of screening, the citation of epidemiological vs. clinical experts, and an
apparent confirmational interpretation and citation bias. The confirmational citation bias was
evidenced in the mammography case by a tendency to ignore the one study which did not report
statistically significant benefit to the screened group and to ignore that lack of statistical
significance if citing the report at all. In the ultrasound case, the bias is evidenced by a number
of articles which reverse the claims of the negative study when citing it. These reversals occurred
most frequently in articles concluding in favour of screening.

Since implementation of screening is a clinical issue, and assuming that the clinical
orientation is even more dominant among practicing clinicians than among publishing medical
authors, this might explain why ultrasound screening has spread so quickly in spite of ongoing
controversy in the medical journal literature. The mammography case, however, becomes even
more paradoxical in light of those assumptions.

In the mammography case, a consensus for screening was confirmed according to all three
models of science. It was apparent in citation patterns, in citing articles’ conclusions, and in
modality patterns. It could also be accounted for in terms of the epidemiological/clinical
dichotomy since the supporting evidence was both individual cases of cured cancers and
statistically significant confirmational results from published randomized controlled trials.
Consensus for screening was clear both in 1986 and 1992. Yet mammography screening is
neither established practice nor official policy, although policy has recently taken a cautious turn
towards implementation.

So science has not had a decisive voice in these two medical technology decisions. Can
we learn anything more about which model of science is most approptiate? And can our model
of science tell us anything more about why science has had so little impact in these cases?

5.2, Models vs. models

Although the analysis was not designed to test the models, there are two ways in which
it is appropriate to compare them after applying them to the same data sets and questions. One
is to reflect on which model provided the most fruitful methods; the other to ask which theory
is best able to account for the conclusions.

First, some methodological reservations against raw citation-count analysis, regardless of
interpretive framework, seem bom out by the texts and the modality analysis of them. Citing
texts do often contain more than one reference to the source text, referénces which often differ
in modalities and serve various rhetorical purposes. Modality analysis (whether interpreted within
a Mertonian or discourse framework) accounts for the first two points, but the last is not
accounted for in modality analysis either.

Ignoring the various rhetorical purposes of citations can be defended on the basis offered
for modality analysis within the discourse model -- that authors” intentions are not at issue, that
it is the effects of their use of the cited texts we are studying. To my knowledge, the effects of
citations have not yet been studied. In Latour’s presentation of the method, it is axiomatic that
usage of a text modifies its content and credibility; but how can we know this to be true? In the
present study I find some possible evidence:
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One explanation for the re-writing of the Trondheim study’s conclusions in several citing
texts might be that earlier citing texts have established the Trondheim authors as the more
credible source, but not the Trondheim study claims. The article by Thacker™ evaluated the trial
protocols and publications from the four rct’s on ultrasound screening in pregnancy. Each trial
was ranked on a scale from 0-100% for quality of methods and of reporting. The Alesund trial
received only 27%, mainly for insufficient publication. The Trondheim trial received 78% - top
marks among the four. In the same vein, two articles by Chalmers et al.** chastized the Alesund
trial group as guilty of "scientific misconduct” for not having fully published their results. Neither
of these articles, however, took a stand on the truth or untruth of the claims of the TESpEctive
trials. We may hypothesize that this helped establish the Trondheim study as the source to cite,
while leaving unscathed the belief (coloured perhaps by clinical and confirmational bias) that
ultrasound screening had been proven beneficial. We may hypothesize three scenarios for how
the citations of rewritten claims came about. One would be that citing authors, having read the
Trondheim study through a filter of faith in ultrasound screening, saw only those of its non-
significant results which confirmed that faith. This scenario fits neatly with the interests model.
The second is that authors favouring screening were instructed by referees (who in turn acted on
the factual status conferred by the Thacker article) to confer with the Trondheim study, and then
simply added a reference to that study in their revisions, without actually reading the source text.
This scenario fits with the discourse model but also incorporates the rewards system postulated
by the Mertonian model. The third scenario is a similar combination with the addition of the
interests models. In this scenario, authors instructed to add a reference read the source more or
less perfunctorily, and reinterpreted it in accordance with their interests.

We may hypothesize these scenarios, but we may never find proof. The latter two
scenarios correspond to one of the response alternatives in a recent study by Leydesdorff and
Amsterdamska® of authors’ motivations to cite. Although they*still ‘suspect that this scenario
probably is acted out at least occasionaly, not a single informant gave that response.”’

Thus, the reasoning behind modality analysis received considerable support in this study,
but we cannot judge whether it gave a more precise picture of the consensus we were out to
measure. On the whole, the impressions given by the analyses of modahtles citation counts and
citing articles’ positions were reassuringly similar.

A feature shared by the modahty and interests analyses is that they force us to read the
texts closely. This was fruitful in that it generated reasonable hypotheses as to values which
might influence the target population’s interpretations and acceptance -of the competing truth
claims. These hypotheses remained speculative, however, if we rélied solely on the texts
themselves and their authors’ identities to test them; This seems inevitable for two reasons: One,
it is a common trait in the genre of scientific articles to exclude references to personalities,
values, interests, etc. Only those interests which have been constructed as relevant for and
legitimate within scientific debate are likely to be apparent in the: texts.® This might explain
why feminist interests, though explicit in my interview material, could not be confirmed in the
citation material, while competition between scientific specializations is found in both. Two, we
may assume that the cognitive processes behind the production of texts are so complex and
diverse as to preclude simple deductions of interests from the end results of those processes.®’
However, by combining modality analysis with citation and co-citation analysis it was possible
to evaute these new hypotheses from several angles and find substantial support for one.

The three models I have applied provide me not only with methods of data selection and
analysis, but also with interpretive frameworks for the results as A whole We have seen that each
of the three methods brought us to similar conclusions -- that there was no consensus in the
ultrasound controversy and a consensus for screening in the mammography case, and that the
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practical decisions to screen or not to screen were not in keeping with those consensual statuses.
Now let us look to how the three theories explain consensus or lack of it and lack of impact.

The Mertonian model is normative. After a period of critical evaluation, a scientific
community ought to reach consensus. If, as in the ultrasound case, controversy continues
indefinitely, we must either be dealing with the effects of counter-norms,” or some of the
scientists are breaking the norms. In either case, it is up to the community itself to work out
which norms apply and what claims to accept. As social scientists outside that community, we
can go no further via the Mertonian model than to conclude whether controversy exists. Nor does
the Mertonian model offer any explanations for the lack of impact on practice that we have found
in these cases.

The interest model has offered us a plausible explanation for both the ongoing controversy
in the ultrasound case and consensus in the mammography case. The explanation is the possible
existence of a dichotomy between clinical science and epidemiological science. The two medical
science communities would have different values and different interpretations of evidence due
to their commitments to different practice constituencies outside science: a constituency of
medical practitioners vs. one of health politicians and administrators respectively. According to
the interest model, powerful constituencies outside science shape science rather than vice versa.
Thus, the interest model can also explain the implementation of ultrasound screening in the face
of scientific controversy. The explanation would be that the clinical constituency was more
powerful than the political/administrative constituency in shaping that area of practice. But the
interest model leaves us puzzled by the lack of implementation of mammography screening in
the face of scientific consensus favouring it. Is there some even more powerful group opposing
mammography screening? And if so, why hasn’t that group excercized any noticeable influence
on the science(s) which have addressed the question?

The discourse model, Actor Network Theory, has the advantage of incorporating both of
the other models: Actor Network Theory does not deny the existence of norms within the
scientific community. It interprets adherence to those norms in a framework of pursuing ones
career interests as a scientist, and interprets scientists’ dependénce on alliances outside the
scientific community in the same framework. Actor Network' Theory has the further advantage
of offering possible explanations for science’s lack of impact-on entrepreneurship. Although the
model is developed to explain how science succeeds in being influential,”* it has also been
applied to cases of failed innovations.” Explanations offered by the model might be scientists’
inattention to the need for alliances, scientists’ misconceptions-as to the interests of potential
allies, the solidity of previously established networks which the innovation would have had to
replace, or the irreconciliability of the interests of allies needed for the innovation. The latter
explanation reminds us that scientists and engineers are not the only active, interested parties in
innovation situations. Other parties are pursuing programs of their own and will seek science
and/or engineering allies only if it suits their own purposes. In our present context, we could sum
this up by stating: Science is neither a necessary nor an adequate basis for practical innovation.

It remains then for us to map out which parties were active in promoting and/or opposing
the two screening technologies. In incorporating the results found via all three models and in
pointing out a direction for future research, Actor Network Théory has not necessarily proven
itself truer than the other two models applied, but has proven itself the most fruitful.
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NOTES

1. Fer a discussion of drug regulation as another example medical technology decisions in general,
see H.LH.W. Bodewitz, II. Buurma, and G.H, de Vries, *Regulatory Science and the Social
Management of Trust in Medicine’ in W.E. Bijker, T.P. Hughes, and T. Pinch, The Social
Construction of Technological Systems, Cambridge/London (1987): MIT Press, 242-259, For a
discussion of the special considerations involved in screening technology decisions, see J.P. Koplan
‘and F.F. Gutzwiller, *Some Observations on the Assessment of Preventive Technologies®,
International Journal of Technelogy Assessment in Health Care, Vol 7 (Summer 1991), 361-364.

2. E. W. Constant I, *Communities and Hierarchies: Structure in the Practice of Science and
Technology’ in R. Laudan (ed.), The Nature of Technological Knowledge. Are Models of
Scientific Change Relevant? (Dordrecht/Boston/Lancaster: D, Reidel Publishing Co. (1984), 27-46.

3. A dozen of the many examples of the ways science is looked to to seftle technelogy
controversies are discussed in D. Nelkin (ed.), Controversy: Politics of Technical Decisions,
Beverly Hills/New Delhi/London (1979): Sage publications.

4. For an overview of drug regulation policies see Bodewitz, Buurma, and de Vries (op. cit.). See
also L. Lasagna and L. Werkd (eds.), *Special Section: The Evaluation of Drugs: An International
Perspective’, International Journal of Technology Assessment in Health Care, Vol 2 (1986), 615-
708. One of many statements arguing for similar policies for evaluation and control of other
medical technologies is the following from Charles U. Lowe of the Office for Medical Applications
of Research, National Institutes of Health: *Are there some medical technologies in general use
that are unsafe or ineffective? Are there still other drugs, devices, and medical or surgical
procedures that have not been widely accepted even though well validated? These are the kinds
of questions, raised in recent vears, that have led to a reassessment of the process by which
technologies are transferred from research and development into. practice.’” (C.U. Lowe, *The
Consensus Development Programme: Technology Assessment at the National Institute of Health’,
British Medical Journal, (June 28, 1980), 1583.)

5. R.K. Merton, Social Theory and Social Structure, (New York: Free Press (1968), originally
published in 1957). Also H. Zuckerman, *The Sociology of Science’ in N.J. Smelser (ed.),
Handbook of Sociology, Newbury Park/Beverly Hills/London/New Delhi: Sage Publications (1988),
511-574,

6. L. Leydesdorff and 0. Amsterdamska, *Dimensions in Citation Analysis®, Science, Technology,
& Human Values, Vol 15 (Summer 1990), 305-335. Also Zuckerman, op. cit.

7. For instance in Science, Technology, & Human Values, Vol 15, No 1, editor Susan E. Cozzens
writes: i )
"Publications can serve many functions. If [article in question] had not been written by an
outsider to the science studies communitys; if it had not come to me witha history ‘of conflict and
controversy; and if it had not raised important ethical questions that had not yet been widely
discussed, at least not as our own problem, in the research community served by Science,
Technology, & Human Values, then it would not have been published here. It has been. (...) To
those familiar with U.S. standards for informed consent, the problem here will be obvious: the
participants in this research should have been asked whether they wanted to participate. (..) The
members of this community who reviewed Epstein’s manuscript for Science, Technology, &
Human Values were split on the guestion of whether Epstein’s research was ethical. (...) When
members of our own research community disagree to this extent about an ethical issue, it needs
airing and wider discussion, For this reason, I am publishing Epstein’s article in ST&HYV.’

8. A number of approaches have been lumped together, sometimes against their authors’ wills,
under the rubric " constructivism." The approach called Social Construction of Technology (a
title introduced in T.J. Pinch and W.E. Bijker, *The Social Construction of Facts and Artifacts:
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Or How the Sociology of Science and the Sociology of Technology Might Benefit Each Other’, in
w.e. Bijker, T.P. Hughes, and T. Pinch, op. cit., 17-50) is the only one with "construction" in its
name. Most of these approaches deal primarily with technology studies, although Actor Network
Theory (see for instance B. Latour, Science in Action: How to Follow Seientists and Engineers
through Society, Milton Keynes (1987): Open University Press.) is also a theory of science. For a
presentation of what the approaches frequently grouped as constructivist share, see W.E. Bijker
and L Law, *General Introduction’, in W.E. Bijker and J. Law (eds.), Shaping
Technology/Building Society, Cambridge/London; MIT Press, 1992, 1-14.

Social Construction of Technology borrows theoretical elements from the Empirical
Program of Relativism. (For a presentation of this program, see H.M. Collins; An Empirical
Relativist Programme in the Socielogy of Scientific Knowledge, in K.D, Knorr-Cetina and M.
Mulkay (eds.), Science Gbserved. Perspectives on _the Social Study of Science, London/New
Delki/Beverly Hills (1983): Sage Publications, 85-113; and also Social Studies of Science, Vol 11
(1981), 3-158, which is a special issue on the relativist program, guest edited by Collins.) There
are many senses in which one might be relativist (ethical, epistemological, ontological,
methodologlcal), and neither constructivist nor self-declared relatwnst approaches are all of these.

natural sciences are seen as based on flexible interpretations of data and mterpretatmns based in
turn on scientists’ objectively real social interests. Actor Network Theory bridges so-called
relativism and realism by including non-social actors in the networks it maps. And few if any of
the authors using constructivist or relativist approaches see their work-as preduding taking
moral stands. In fact, some (W.E. Bijker, Do Not Despair: There Is Life after Constructivism’,
Science, Technology, & Human Values, Vol 18 {Winter 1993), 113-138; A. Clarke and T. Montini,
*The Many Faces of RU486: Tales of Situated Knowledges and Technologlcal Contestations®,
Science, Technology, & Human Values, Vol 18 (Winter 1993), 42-78.) see constructmst research
as a tool for ethical evaluation of technologies and for political actmsm o .

9. H.M. Collins, *Stages in the Empirical Programme of Relativism?, Soclal Studies of Science, Vol
11 (1981), 3-10. :

10. D. MacKenzie and B. Barnes, *Scientific Jjudgment: The biometry- mendehsm controversy , in
B Barnes & S Shapin (eds.), Natural order. Historical studies of scientific culture. Sage
Publications: Beverly Hills & London (1979), 191-210.

11. Latour, op. cit.

12. R.J. Lemire, *Neural tube defects’, Journal of the American Medical Association. Vol 259
(1988), 559.

13, Leydesdorff and Amsterdamska, ep. cit.; Zuckerman, op. cit.

14, Zuckerman, op.cit.; M. Mulkay, J. Potter, and 8. Yearley, "Why an Analysis of Scientific
Discourse is Needed’, in Knorr-Cetina and Mulkay (eds.), op. cit., £71-203; G.N. Gilbert and M.
Mulkay, Opening Pandora’s Box: A Seciological AnalySIS of Scientists’ Discourse, Cambridge
(1984): Cambridge University Press.

15. Consensus conferences are a forum developed by the National Institutes of ;_H_hal'th, Office of
Medical Applications of Research to offer science-based advice on health policy and medical
practice. The consensus conference model borrows elements from jury trials, scientific meetings,
and town meetings or public hearings. As practiced in Norway, a preparatory committee has
selected a panel of experts and lay members, prepared a set of questions for the panel to address,
provided the panel with relevant scientific literature, and invited a set of expert witnesses. The
conference lasts three days. During the first two days, the witnesses present papers and are
questioned by the panel. The public is invited to ask questions and offer evidence at the end of
the second day. Then the panel works through the night formulating their arswers (the consensus
statement) to the questions set by the preparatory committee. The statement. is presénted at an
open press conference on the third day. For a description of the history of the NIH model, see S.
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