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funding. By examining the activities that scientists engage in doing this, attention can be
focused on the dynamic and processual nature of funding scientific activity, thus improving our
level of understanding of the scientific enterprise in general. At this point it is important to stress
that, to date, no one has ever attempted to delineate the various activities undertaken by
scientists, and the options they really face, in securing adequate funding for their research and
their careers. The first task, in other words, is simply to advance the descriptive adequacy of our
understanding of this vital, yet under-researched, sphere of scientific “work.” As will become
clear, the detailed and unprecedented delineation of the social processes invoived in being a
successfully-funded scientist points to the need for even more exacting qualitative research into
the micro-structural conditions and dynamics of how funding in “regular” (and not just

extraordinary) science actually occurs.

Identifying Sources of Funding

The days when you could start with five or ten thousand dollars are gone.
Big science demands big money, and big money is hard to find. (C2)

While not all scientific activity, whether inside or outside of the academic setting, is “big science”
(see Price, 1986; Galison and Hevly, 1992), there appears to be a general perception among
scientists that research is costly, and that it is becoming more expensive all the time. As such,
scientists often find themselves devoting considerable parts of their working time to acquiring the
necessary funding to carry out the kinds of activities that they think are appropriate. This seems
particularly relevant in the university setting, if they hope to recruit and retain graduate students.

There are a lot of subtleties in the university life. Having graduate students

has advantages politically, having graduate students helps you ta get money

for graduate students. (G2)

The environment for graduate students is very good, but you've got to spend
huge amounts of donkey-time trying to get research grant money. (C1)

While attracting students may be only one of a number of activities linked to the process of

pursuing funding, it is an integrai part of the scientific enterprise.6

¢ It is important to note that funding agencies also fund students directly. So, for example, in 1996
NSERC provided 40 million dollars in scholarships to graduate students in the natural sciences and
engineering (1997.47).
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Simply understanding or accepting the fact that funding is an important aspect of
accomplishing science, however, does not help us appreciate the work of identifying potentiai
sources, or carmrying out an array of related activities on a day-to-day basis. What is required is a
mechanism that both draws attention to the peculiarities of the funding process, and
demonstrates how funding is linked with other elements of the scientific enterprise. In order to
communicate effectively the complexity of what takes place here, it will be heipful to examine
this initial phase of the funding process through these activities:
Dealing with Government Agencies
Financing a Career
Satisfying Mixed Agendas
Responding to Innovation

Identifying Industrial Niches

Looking for Alternatives
Tapping in to the Broader Community
Looking within the Institution

Settling for Less
Bowing Out

Dealing with Government

In many nations, govemment support for scientific research is part of the broader social
support system for education, as well as industrial and military development. In the academic
sefting, identifying sources of funding can be viewed as a foundational step in “financing a
career.” Scientists are discovering more and more that they have to “satisfy mixed agendas,” as
the administrators of granting agencies alter their perspectives on how money is to be divided
up. In a similar fashion, new alliances between government, industry, and educational
institutions place scientists in the position of having to “respond to innovation” in the expectations
and worldviews of these new groups. A large part of identifying sources of funding, then, is

identifying the goals and objectives of the people that manage those sources.

Financing a Career
As new members enter academic science departments, part of the perspective that they
acquire accentuates the critical role of pursuing funding in order to take advantage of

opportunities to carry out chosen avenues of research, and to achieve success with respect to



173

promotion and tenure. In Canada, NSERC represents one of the most centrally recognized
sources of funding for academic research in the basic sciences.”

The Natural Science and Engineering Research Council of Canada (NSERC)

is our main supplier of money in Canada, and they characterize a number of
different kinds of grants. One is the individual research grant which we apply
for in the autumn and which we get for three or five years, as the case might be.
That's becoming harder for new faculty even... not every new faculty member
gets one. Used to be that everybody got one, but even new faculty now are
finding that they may be tumed down, and if they are that's really serious
because they can't get started, and hence they can't get tenure, and they

can't get graduate students, and so it affects their careers quite markedly. (C1)®

Up until this year, | had not been successful is obtaining NSERC funding.
The proposals were good and they received good evaluations, but because
| was just starting out and | was at a small institution, the examiners weren't
confident that the work would get done. (B3)

So, even though there exists a well established and recognized source for the funding of
academic scientific research, it does not follow that all scientists will have access to this source.

Even among those sciéntists that are successful in obtaining this kind of funding, there
are two limitations that not only help to emphasize the contextual and situational nature of
science, but clearly demonstrate the continuous ambiguity with which scientists deal along the
way. The first of these is a temporal constraint, which requires the scientist to repeat the funding
application process at specified times in the future (see Knomr-Cetina, 1981:86). The second
constraint is related to the match between the amount of money requested by the researcher and
the amount actually given out by NSERC.

This past year | had my NSERC grant proposal come up for renewal,

and [ renewed it and it was granted and they gave it to me this time for

five years, so | don't have to apply again for five years. They only gave

me 58% of what | asked for, and that would be not too bad, but in a sense

| can't run the operation I'm running on that amount of money. So, | need
to find other sources of money. (C1)

When the proposal was submitted, we asked for enough money to
hire two graduate students, and even though | thought that was a bit
excessive, my collaborator wanted that in there. So, we only got half
of what we asked for, and therefore we won't be hiring two graduate
students — perhaps not even one. We are going to have to stretch the
funds to accomplish what we said we were going to. (B3)

7 The Medical Research Council (MRC) is similar to NSERC, and while it primarily provides funds for
medical research, there are a number of instances where research projects in the basic physical and life
sciences receive MRC funding. Organizations similar to NSERC and MRC exist in the United States,

Great Britain, and many other nations.
8 Slightly more than half of new applicants are successful in obtaining NSERC funding (1997:20).
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In these cases, scientists face the challenge of altering some planned course of action in their
research, or exerting additional effort to make up the shortfall in the funds.®

Since funding is closely related to the goals and interests of the people involved in
administering that source, success in obtaining funds has something to do with the ability of the
scientist to adapt to the changing nature of the environment in which science takes place. In
other words, government agencies in particular will adapt their funding strategies to reflect their
changing perception of the demands and expectations of their various constituents.

Back in the old days, it was easier to do research because there was

more money and less competition, and you could explore new avenues.

Now, even granting agencies that allegedly support fundamental research,

want to see an applied component. (C6)

Well, it has changed a lot in my opinion. Many, many years ago, they

funded only fundamental research — idea driven things. They have

evolved into putting more and more money into practical aspects, if

you like, in the sense of these "strategic grants,” which have siphoned

off money from the fundamental pool. (P4)
Not only are scientists invoived in the more day-to-day management of their commitments within
a specific institution (teaching, administration, research), but an important part of their “careers”
and identities is linked to their taking into account the broader perspectives of the groups that
they rely on for financial (and other) support. To treat the process of pursuing funding as
somehow non-scientific, then, is to misrepresent the “obdurate reality” (Blumer, 1969) of the

ongoing and emergent situational complexity faced by the scientists.

Satisfying Mixed Agendas

Moving to another level of complexity, scientists are often in a situation of having to
present their work in ways that satisfy the requirements of two or more different groups. The
somewhat recent development of “strategic grants” represents initiatives on the part of
government and industry to maximize their investments in research through consalidation of

their goals.

NSERC, in their wisdom, has created so-called “strategic grants” which

? The size of an average research grant from NSERC is $25,000, a figure that has remained constant over
the last ten years (1997:18).
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are applied for at this time of year (spring), and you hear about the resuit

at the end of October. They're for supposedly strategic areas of concem

to the country, such things as: industrial materials, energy, food, agricuiture,

etc., and there’s a booklet on that, and these granis require you to have an
expression of interest or a statement of interest by potential users of the resuits.
This is both good and bad. It brings you into contact with industrialists, but you
have - in the bad sense - you have to go find it, generate it, and so on, so I've
been talking on the telephone, and sending off courier bundles, and sending off
faxes to about four different groups who [ feel will be able to support this particular
proposal. And in fact they’re supporting it, but as usual, with deadlines and so on,
and all of this creates a certain amount of pressure. (C1)

Within the context of these grants, the onus is on the scientists to attend to not only specific
areas of national (and corporate) concem, but also to indicate whom the potential beneficiaries
of their research might be. They may have to gain the support of particular external groups, and
in the end convince yet another group (the funding agency) that the work proposed can be
accomplished. This intricate array of activities presents the scientist with a number of challenges
that sometimes can only be met with the cooperation of many different people. In these cases, a
great deal of additional effort may be expended in trying to establish and coordinate these
associations. As Traweek (1988) indicates with her notion of a scientific “statesman,” in pursuing

strategic grants, scientists commonly take on multiple roles (salesperson, marketer, negotiator,

lobbyist).

They have a category called “strategic grants,” which is mission-oriented
research - to use a catch-phrase. It has to have a specific purpose, that
is in alignment with some listed criteria - some areas of research that the
government would like to see undertaken. And there's been increasing
pressure over the years in that direction, to explain your research in
practical terms, to justify yourself to the public. There's been increasing
pressure in that direction - there’s less and less satisfaction with having
ivory tower professors working away at what they want to do, and the
pressure to do more and more applied work I1s increasing, because it is
easier to explain to the public what people are doing. You witness this

in the press over the years. Once in a while somebody gets on a bandwagon
about money being thrown away for researchers, and if you're not in that
field of research, it does often look ridiculous. (C6)

Responding to Innovation

Another variation on government funding schemes that links scientific research with

industrial concems brings together separate research sites and potential users to form a complex
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network within which funds are distributed. These kinds of innovative initiatives provide both
opportunities and challenges for scientists.

The government has recently come up with these new “centers of excellence,”
which are a much poorer way to selectively hand out money. | am connected
to one of these centers, and it has given me two or three times the money that
I've been able to get out of NSERC, but it is a very painful process because of
the amount of paper shuffling and proposal writing involved. [t destroys a lot of
working time. Those of us who are associated with these centers have gotten
lots of money out of it, and yes, probably we've been able to accomplish more
research, and been able to do more challenging things because it gives us
better facilities. But, one wonders whether it is worth it because of the extra
time writing and rewriting proposals, and the infighting that takes place. The
money comes from the government, and these centers are run of necessity

by little cabals, and a group of people who are going to be major recipients

of this money then get to decide who amongst themselves, and the other
peopie in the network, are going to get the money. So, political infighting

gets unpleasant. (C6)

The ambivalence expressed towards this process partially reflects the amount of work that must
be expended in establishing and maintaining the network of associations among the various
groups that constitute the centers. Frustration may arise over the uncertainty of outcomes from
this kind of arrangement, and this may in turn directly impact research pregrams and careers.

One of the problems is that we may get our throats cut because, as far as

I’'m concemmned, our major product is people, and we will give the industry

the kind of people who can do the best current science, and then they’'ll go

to these companies and help them to find the best ways to produce things.

Sometimes, we produce tools or techniques in the laboratory that can be

marketed, but if a student gets hired by a company that then brings out the
product, we could lose. (C6)

Identifying Industrial Niches

As an altemate to government agencies, scientists often try to secure funding from
various industries that may have some interest in the results of their research. Even within this
seemingly more limited scope, scientists who seek support from a particular industry may take
into account information on issues that concermn a variety of groups within society.

it used to be in the ‘70s that funding was available from (company name)

and from various oil companies, who were really into great exploration programs,

and needed this technical work done. But, when the bottom fell out of the 0il
industry that funding dried up. (G2)
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Determining what exactly to take into account when seeking funding from industry, though, is not
an automatic or predetermined process. A great deal of (scientific) research is involved in the
process of deciding what kind of (scientific) research to carry out and to pursue funding for.

Nobody will come up to me and say, “Look, these are the directions that

the whole system is taking.” You have to read the trends, and you read the

newspaper just to see what is hot and what’s not — what people are interested

in. And, if you decided to apply to look for the cure for cancer, and | am sure

nobody needs to tell you that that is going to be a hot topic, and you may find

somebody willing to give you some money, especially if you have a good research

record. On the other hand, if you were trying to do something that was really

interesting - really interesting from the scientific point of view — and if there was
nobody out there interested in it, no matter what it was, you would be hard pressed

to get support. (G3)

On one hand, then, the scientist can try to jump on some particular “bandwagon,” such as the
one identified by Joan Fujimura (1988, 1996) around oncogene research, where commercial
ventures or govemment agencies have taken popular public interests (regarding health, for
example) into account.'® On the other hand, the decision to engage in a program of research
solely determined by individual preferences or concems may jeopardize the scientist's chances
for long-term success (see Knomr-Cetina, 1981:74-78). In other words, there is evidence to
support the notion of the “Matthew Effect” (Merton, 1973), whereby those scientists that regularly
obtain funding will continue to do so, while those that never have, likely never will. Linked to
previous success in acquiring funding is what is perhaps the most important measure of research
activity, the joumnal article.

| was interested in this process, and because it involved leaming about

things that | hadn't leamed about before, | surely lost funding because |

wasn't productive. The community doesn't particularly care why you don't

publish, they only care whether or not you pubiish. (P4)

The decision to take advantage of an opportunity and align your research interests with
the economic or politicai interests of some other group, however, is not the same as sacrificing
or abandoning personal perspectives or sets of goals within that framework. For example,
research funded by the military is not by definition military research (see Smit, 1995).

In the past I've had some support from the Office of Naval Research,
but that's dried up, and the US Army, but it is not funding anything. it's

' Paul Rabinow (1996) provides an interesting account of the mingling of science and business, with
respect to the discovery of the polymerase chain reaction (PCR) method for synthesizing DNA.
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not that this is anything military. It's not a military project. It's a project

to develop better batteries, and the military have an interest in that as well,

but everybody who goes out at night has an interest in this, and wants to

see by their flashlight. (C1)
So, while the interests of others are taken into account in determining a particular course of
action, this is not the same as saying that scientific research ideas or programs are “determined”
by those interests. Rather, the intersubjective accomplishment of science emerges out of the
interpretive and interaction processes that take place in the context and situation within which the
scientists find themselves. Scientists, and others, respond to objects on the basis of the
meanings that those objects have for them. This is true of all social life, but that is precisely the
point | am trying to make here. Contrary to the approaches taken by some philosophers and
early saciologists of science, however, we need to “show” (and not just assume) that science is

not very “exceptional,” and this means that we need to study science in the same manner (.e.,

with the same sociological methods) as we study the rest of social life.

Looking for Alternatives

Apart from government agencies and industrial sources, there are a number of alternate
solutions that scientists can pursue to deal with the problem of financing their work. Upcoming
sections provide some details of how a variety of these alternate arrangements (entering
partnerships, marketing services, equipment and materials, and making adjustments,
respectively) are carried out in practice. The situations described below, however, draw attention
to what might be considered exceptional cases, in that these solutions may only apply to a
limited number of scientists, in special circumstances. Whether this is in fact the case is an
open empirical question that can be clarified only through more extended research into this area.
At the same time, however, it may be the case that the activities described here are similar to

those carried out by members of other human groups.

Tapping in to the Broader Community
Members of certain scientific subcultures carry out research projects that involve

elaborate facilities that may be financed by several institutions or even several nations. in these
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cases, financial resources are allocated to the facility itself, rather than directly to scientists. In
this way, the scientist is tapping into the resources of the broader scientific community, thus
reflecting to some degree shared worldviews and similar goals.

Well, an astronomer gets indirect grant morney that other physicists don’t

see, because the James Clerk Maxwell telescope and the Canada-France-
Hawaii telescope have capital costs of, well, CFHT cost about $30 million to
build, that was the Canadian contribution, and JCMT is probably in a similar
ballpark, no probably less for that one, but then there are ongoing costs every
year to run those telescopes. That's another hidden grant that astronomers have.
Astronomers all understand that they're being supported through this grant

level. (P1)

in cases like this, it may be difficult to determine on a per scientist basis how much money each
one is receiving in support of their own research projects. What is important is that there is a
sufficient level of support for a broader range of potential research using equipment like this, to
ensure that these facilities are built and maintained (see Traweek, 1988; Galison a_nd Hevly,

1992; Pickering, 1995).

Looking within the Institution
The emphasis thus far has been on identifying sources of funding for academic research
that are largely extemnal to the university environment, but research funds are available through

many intemnal funding programs as well.

The university has a limited amount of money that it uses to encourage
research projects. People can apply for this in the fall or the spring, and

a university-wide committee decides who will get what. We usually try to
divide up the money fairly evenly to help people get started on something,

or finish something off for publication. [t usually amounts to about a thousand
dollars. That's all. (director of research)

| received one of these internal grants, and | got $3500, which isn't very
much, and you have to ration very carefully how you spend that. | mean
the most you can get is five thousand dollars, and you're not going to get
that because of the sheer number of people applying and the fact that the
pool of available funds is shrinking. (B3)

In some of these cases, there are circumstances where research funds can be found through

compromise and adjustment.

Well, because of my secondment (to administration), the department gets
money to fund the teaching of one course a term for me, and | end up
teaching these courses, and taking the money as research money. So,
I'm getting that money channeled that way. So, this type of minor funding
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comes through. (G1)
Here, consideration of the separate agendas of teaching, administration and research are all
brought together to give rise to a solution that, while increasing the workload of the scientist
involved, still satisfies the requirements of those concermed.

In one situation, the manner in which internal funds had been managed led to a situation

where some quick action was required to maintain an existing relationship between a particular

department and the institution as a whole.
The chairman of the department walked into the lab and said that we
have $30,000 ieft in the budget that we have to get rid of by tomorrow

or it goes back to the university. And, he asked, “Can you do something
about that?” (BS)

Settling for Less

Some scientists decide to modify their research agendas in such a way as to avoid

spending too much time on money matters.
| had to do something that was relatively inexpensive, and the reason it
had to be inexpensive is because research funding is very hard to come by,
and if | elected to keep things fairly academic, my chances of getting industrial
contracts to do them are essentially less. [f I've got the option to carry out
academic research, and that's what [ want to do, | don't want to prostitute
myself to do projects I'm only half interested in, just because the money is
available. (G3)

In such cases, not only do scientists exclude themselves from consideration by a number of
potential funding sources, but it also becomes obvious that the way in which these scientists
conceive of their research is tied into conceptions of several elements that might be considered
less important, or even non-scientific, by others.

The major grants I've received lately have all invoived molecular biology,

because that’s what they're funding. To do whole animal work or systems
work, [ have to borrow money from other grants. (B7)

Bowing Out
One of the other options open to scientists is to stop pursuing funding at all. Scientists
take stock of their position within the scientific community of which they are a part, and

determine what courses of action they should take with respect to many aspects of their work.
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|, myself, don't get funding from NSERC anymore. I've dropped out of

that. [ just don't publish as quickly and as prolifically, as they would like.

So, | just at the moment am operating on a shoestring, and | don't spend

one third of my time looking for money, which most everybody else does. (G1)
While the majority of scientists may not adopt this attitude of resignation, they commonly
express a high level frustration at having to do this kind of work.

Now I'm pursuing... in fact you were asking earlier how much time [ spend...

| spend too much time doing that, because what | don‘t do is, you know...

[ don't do enough reading at the library and fine tuning my own projects. (C3)
The diversity of activities that scientists engage in take place in real-time (see Pickering, 1995).
In other words, they have a sense of immediacy, and time must be allocated in a way that
reflects the scientists’ perceptions of the situations and contexts within which they find
themselves. The achievement of scientific goals emerges out of everyday action that contains
disappointments and compromises. along with opportunities to excel.

Just before moving on to the next section, there is one additional case to be mentioned
that highlights the endless diversity of responses to the situations facing scientists.

| find that | have not pursued extermnal money other than NSERC, simply

because | haven't got the time to create the projects to spend it. I'm fully

occupied trying to spend the money that I've already got. (B1)
Some scientists, and people that study science, may consider this to be an uncommon case.
While we should hesitate to make that kind of judgment, it is important for us to acknowiedge
that it demonstrates a particular line of action adopted by a practicing scientist. As is the case
for this particular scientist, so it is for us. The situation is real, and thus it is worthy of our
attention, in that it is real in its consequences. in other words, as researchers, we cannot ignore
some line of activity that is taking place in the life-world we are studying, just because it does not
fit into some preconceived notion of what does and does not constitute legitimate activity within

that life-world. All activities that take place within the setting contribute in some way to the

construction of the life-world.

Preparing Grant Applications
As in the case of selling goods and services (see Prus, 1989a), much of the success in

acquiring funding is tied into how well the scientist presents his or her case to a specific set of
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evaluators (see Gilimor, 1986). Those evaluating research projects may be other scientists,
industry representatives, govemnment bureaucrats, and/or members of the general public. For
the most part, it does not involve face-to-face interaction, and therefore it relies heavily on the

ability of scientists to make their case on paper and, as with the process of identifying sources of

funding, this activity can be very time consuming.

i would say | spend a great deal of time writing proposals because the best

way to set up is to bring the money in. No matter how much the university is
doing to help you - the “higher ups” - if you want to call them that - they reach

a limit too. Times are tough all around, so you have to go out and write the
proposals, and | started with a simple theory. [ don't know what batting averages
that people have, but the more you try at least you're chances of succeeding get
higher. And in my first year, | devoted it to sending out proposals, teaching, and
writing more proposals. Now | am really aggressive with proposal writing — show
people you are there, show them your ideas - some of them will be funded, and
lots of them won't. (C2)

I'm the head of a lab, so funding has become a major job for me. The
technicians and graduate students, from six to eight people, don't have

to fund, so they’'re doing their work. My work would normally be writing

and thinking, and these elements are greatly impaired by my duty to fund.

I'm comfortable this year, but last year, | must have written up five or six
proposals over the course of the year. (B7)

Writing research proposals is an uncertain venture. Since scientists cannot be sure that the
efforts expended will bring positive results, they often send out proposals to a variety of funding
sources. Each of these typically incorporates somewhat different elements that the applicant
hopes will reflect the interests and concems of the funding evaluators. Not only is this process a
critical aspect of getting started on a scientific career, it is an integral component of continued
involvement.

Every three to five years you have to write a five page proposal, and

supposedly you think very carefully about it, and we know that it is going

to be read by our peers. So, we don't have to fill pages with a lot of blather. (C1)

What it really does to me is that my best thinking and writing are never

published. They are sitting around in a file somewhere in Ottawa, and I'm
really quite angry about that. (B7)

To better understand this process, it may be helpful to divide the following discussion into two
parts: meeting the requirements, and interpreting the requirements. Both of these activities
incorporate interpretation, but the difference has to do with what is put on paper and what is

actually carried out in practice.
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Meeting the Requirements
Even though the application process may be considered routine by established

scientists, some agencies are more demanding than others, and therefore the time required to fill

out the necessary paperwork may vary greatly.

Since Christmas (twelve weeks ago), | have spent two full weeks doing
nothing but writing proposals, and so on, all to do with this federal “center

of excellence.” (C6)
This comment not only reflects differences among agencies, it also reflects the perception that
more and more groups are involved in evaluating the activities of scientists.

[ would say that over the course of my career the granting process has

become more complicated. it's become a much more sophisticated, high-

profile sort of thing. (C1)
As more perspectives must be taken into account, the complexity of any social activity is likely to
increase. The nature of that complexity will reflect the goals and attitudes of all those groups
that feel they have a stake in the decisions being made.

They're more complicated in the sense that they ask for various things

which perhaps are realistic, and would be realistic in industry, but for us

in academia they present a certain amount of anguish, and I'm thinking

of things like socio-economic significance, relationship to societal needs

- rather strange word statements - which you have to use your imagination

to complete. (C1)
In this sense, scientists often must venture outside their area of expertise and speculate about
the perspectives of other groups, and of the general public. This situation creates a certain
amount of anxiety, as the scientist tries to second-guess any and all eventualities.

It's not too bad to write up a scientific proposal and say that we propose

doing the following, and this is the way we propose to do it, and we expect

to get this kind of result out of it. It's quite a different thing to say what its

socio-economic impact is going to be - it's like crystal ball gazing. It's also

a bit of a crystal ball gazing to list milestones - you know - what you're going

to have done by such and such a date, and you have to list all these milestones.

[ find all this kind of thing a bit frustrating. (C2)
Predicting the future in this way is more consistent with a view of science as an objective and
deterministic machine that transforms known ingredients into predictable resuits. In other words,
in the best of all possible worlds, the scientist would be able to control for any and all inputs and

outcomes, and therefore be able to state in advance the consequences, intended and
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unintended, of some proposed course of action. Scientists’ own perceptions, however, seem
more consistent with a symbolic interactionist appreciation of science that emphasizes the
contingent and emergent nature of scientific practice.

Another limiting factor in the presentation of research proposais is space. In spite of all
the information and speculation that the scientist is required to provide, this typically must be
condensed to fit on regulation forms.

All of this gets reprinted on the pink forms, and it has to be in the space

that they've allotted. So that's why it is put together the way it is, and it’s

going to be reprinted on the form, listing: new equipment, qualiifications,

references, contributions to training - this is the societal thing - who will

use the information and how, how will it be distributed. All of that kind of
stuff. It's time consuming. It's fussy work. (C1)

interpreting the Requirements

One very interesting aspect of the application process is the match between the
activities that the scientists apply for funding to carry out, and those activities that actually end
up being carried out with that funding. In some cases, the funding covers a broad area of
research within which a diversity of activities may take place. Both scientists and evaluators
interpret research proposals, and the differences in those interpretations may show up in what
course of action is actually carried out.

My grant is broadly based on purpose to give me a lot of flexibility, but

there are certain themes within that broad umbrella that | primarily work on,

that 'm primarily interested in, and this particular discovery fell into one of

those baskets. (G2)
The flexibility in the implementation stage of research has a direct parallel in the way in which
the grant evaluation process takes place.

in the case of an NSERC grant, at least mine, and there are elements

similar to other people’s, the objectives | stated in the grant are not - they're

not followed up on specifically. In other words, they look at your publication

record, your record of research achievement, and there is no accounting as

to stated objectives of your application. You're evaluated in general terms. (P4)
This statement does not seem to be consistent with the insistence on providing specific
milestones, and predicting the social significance of particular research projects. Perhaps what

actually takes place emerges out of the mutual consideration, by scientists and funding agencies,
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of the goals and interests of the other. In some cases, however, agencies are stricter when it
comes to following a research plan.

Now, other funding agencies that | have applied to invoive much more

specific objectives. You have to spell out in detail exactly what you're

going to do, and you're success is measured in terms of these objectives. (C3)

The extensive variation in the ways in which grant proposals can be completed and
interpreted creates a situation where the scientist continuously deals with an element of
uncertainty. In spite of the standards associated with granting sources, there is no sure way for
the scientist to predict the outcome from any particular proposal.

I got a project funded - this was an individual project - last year, that | thought

my chances were next to nothing, and | didn't get something this year, where

| made a proposal which | thought was iron-clad. (C2)

Sometimes, this uncertainty can be mediated by enlisting the cooperation of others who may be
interested in the project. {n some cases, this involvement may be initiated by someone from
outside.

In this case, one of the parties approached me, and knew something of our

expertise, and said - you know - “Will you help us?” So, they're kind of

supporting the application, but I’d say that's lots more unusual than usual.

Usually you have to go out and find somebody to support you. This requires,

oh let's say, a week of work at least to produce a decent proposal. (C3)

While this kind of involvement is no more predictable than the grant application process itself, it

leads to a consideration of how scientists can enter partnerships in order to secure funds.

Entering Partnerships

Another mechanism for securing research funding is to enter into a partnership with
another party that can benefit from the association. These can take a number of forms:
scientists working together with colleagues at the same university or elsewhere, scientists
working with researchers in government laboratories, or scientists linking with their industry
counterparts. [n any of these situations the course of events that emerges will reflect a
negotiation process wherein a diversity of goals and perspectives will be balanced. Similarly, the

kind of benefit that each party accrues from such an arrangement may be quite different.
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Working with colieagues can take on a variety of forms that may involve individuals from
the same university, different universities, or even different countries. The composition of a
particular research group or thought collective may represent a conception of community, that is
not based on nationality, or specific institutional affiliation. In some cases, funding agencies may
require this kind of collaboration.

[ have had a letter from a professor in Japan, asking me to co-sponsor

a symposium with him in Hawaii, a Pacific im conference. Why did he

write to me? Well, he knows that | am working in the field, and you have
to have representatives from three countries: the U.S_, Japan, and Canada. (C4)

In other cases, the attitude may be entirely opposite.

One of the things the NSERC funding system has not done well is reward

collaborative work. They have looked on it rather suspiciously. If two groups

are working together, then one must be weaker, so we'll give that group less

money. In some cases, that is true. (C6)
Thus, working with certain colleagues may negatively impact how a particular scientist is viewed
by others. These two instances illustrate how scientists achieve identity through interactions and
involvement at a number of levels.

it may be possible for some scientists to raise their profile through association with a “big
name” scientist, such as a Nobel prize winner (see Crane, 1972; Hagstrom, 1974), or a “hot" area
of research, such as oncogene research (see Fujimura, 1988, 1996). In other cases, the
cooperation may reflect a more informal working arrangement that the funding agency may or
may not even be aware of.

In fact, she's (graduate student) funded by a colleague -- we co-supervise her,

and it’s his project so therefore he's funding her research assistantship and |

do the supervision. This is a chap who used to work here, and in fact many

years ago was a graduate student of mine. He is now at another university. (G1)
As with these collegial arangements, working with the govermnment has its own peculiarities.
Some scientists may respond negatively to the kind of perspective on science they associate
with representatives of political groups. In these instances, some particular department of the
govemment may be acting as a business partner, with the opportunity to more directly influence
the course of scientific research in some direction or another.

The agenda of the “centers of excellence” bothers me in that they may tum

us into some Ottawa bureaucrat's idea of an applied science laboratory.
Money has a way of finding peopie who will do what it wants. (C6)
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All such arrangements will be based on some compromise with respect to goals and objectives.
However, there may also be situations where it is extremely difficult to establish enough common
ground to proceed.

Well, it's difficult to get government money for that kind of joint

project, because it involves two different countries. it involves

the United Kingdom and Canada, and NSERC of course wili

entertain a grant application from me to do something, but they

generally would not give any support to what would be done on

the other side. So, we’d have to find some mechanism that

would bring NSERC and SRC in the UK together to look at

our application jointly in order to get that funded. Whereas, if we

were to put an application in jointly to someplace like (international

corporation) for a contract, it's feasible that we would get money

from them, and probably more money from them than NSERC or

SRC would be willing to give at this point. (C4)
The perception of increased benefit from the global economy may encourage industrial groups to
support projects that individual governments cannot justify within their worldview. Thus,
scientists monitor activities and decisions made by these corporate bodies, and determine how to

integrate this awareness into their own situations.

The ways in which scientists make contact with potential industrial partners reflect the
diversity of activities and opportunities for interaction that both parties engage in.

As scientific people, we go to conferences, we publish in the literature,

we get inquiries, we meet people at conferences, we hear of people through

the grapevine. In this university, some of our students work in industries that

are relevant. So, we get some feedback sometimes that way - it's largely |

think just that informal. (G2)
Here, potential funding arrangements are seen to emerge out of activities that are primarily
organized around other aspects of the scientific enterprise. In certain circumstances, reciprocal
arrangements that are financially beneficial to scientists can arise out of a negotiated order.

Once you have some money, then you can negotiate with companies and

| did that in fact when | got the last two synthesizers. | got two for the price

of one type of thing provided | would help them out as a consultant. (C3)
As with many of the activities discussed in this project, variations in circumstances can lead to
different outcomes arising out of seemingly similar situations. There is no one way to do things,
and our depiction of what goes on in science, or any other aspect of human group life, shouid

reflect this variation.
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- Some companies are good to work with... these guys have been very good.
Some other companies have no sympathy whatsoever. (Company) says,
“Well, what do we care whether you're making scientific progress or not,
as long as we sell a machine somewhere, we don't care.” (C3)
In some cases, scientists have found a way to combine their research activities with the
provision of goods and services, in such a way as to largely support themselves through
commercial means. In other words, instead of being drawn into associations with industry in

response to particuiar circumstances, scientists may also integrate the direct marketing of goods

and services into their overall plans.

Marketing Services, Equipment, and Materiails

Latour and Woolgar (1986:70) offer the following observation about the laboratory they
were studying.

Frequently, purified fractions and samples of synthetic substances are

sent to investigators in other laboratories. Each analog is produced

at an average cost of $1,500, or $10 per milligram, which is much lower

than the market value of these peptides. Indeed, the market value of all

peptides produced by the laboratory would amount to $1.5 million, the

same as the total budget of the laboratory. In other words, the laboratory
could pay for its research by selling its analogs.

This report based on a convenient piece of accounting draws attention to the commercial
potential of the scientific laboratory. At the same time, however, it obscures, among other
things, the processes invoived in initially producing and then mass-producing this peptide. The
scientific enterprise emerges out of real time processes. Time spent doing one thing cannot be
spent doing something else, unless more staff can be hired in the process.

Now once the instrument is developed - | mean the instrument that | spoke

about earlier - the one that | have been refining for over ten years... itis at

the point where I‘'m now going to commercialize it, because it's a big pain in

the neck to build one of these things. So, | can build it and there are lots of

people who, if they had that instrument, would then go ahead and take some
measurements. (C7)

Here, the scientist is looking for a way to get some return on his investment, so that he can
proceed over the next several years to make measurements rather than building equipment. We
have no way of knowing whether this development process would have taken five or twenty-five

years to complete, and neither did the scientist involved. He took a risk, and now he wants to
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maximize his payback. Other scientists, who can acquire the machine, will be able to use it in
their research. They neither have to take the same kind of risk (i.e., loss of short-term
productivity), nor invest ten years of work.

In some cases, the cost of a piece of equipment can be offset by providing a service to
others who also would like to have access to such a machine, if only on a limited basis.

There is an applications specialist coming, and what I'm going to ask,

what I'm trying to do is... well, | need it, | really need it... | shouldnt even

be doing the rest of the work without having access to this (piece of equipment).

I'm trying to set up some kind of service so that maybe | could pay for the

machine, at least part of the machine, out of the service. (C3)
This kind of service may involve making measurements or preparing samples for colleagues, for
government, or for industry. The exact nature of the work to be done, and the amount of time
required to camry it out, will vary with the specific requirements of prospective customers.

if it's industry, then you can generate a little bit more money, but that means

taking a lot of my time. That means I've got to write letters, get on the phone...

everything is very time consuming. (C3)
By striking a balance between a number of possible courses of action, scientists may be able to
maximize their gain out the circumstances that present themselves. Thus, they may positively
evaluate devoting a certain percentage of their time to commercial enterprise, rather than say
spending time going through the funding agency process. Balancing these various elements

may provide scientists with greater flexibility in determining what goals they can or cannot

pursue.

Making Adjustments

One of the other activities that scientists engage in around funding is making adjust-
ments to their plans as they proceed. Sometimes the budget that they presented on paperin a
research proposal does not match the actual day-to-day operating costs that are incurred in the
research setting. Obstacles (equipment breaks, people get ill, the weather does not cooperate)
arise and must be dealt with. An important part of the intersubjective accomplishment of science
is tied in to how effectively scientists deal with these obstacles and uncertainties as they arise

(see Star, 1989:62-95).
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- Some funding agencies appear to recognize this contingent nature of science as
practiced.
That's one of the joys of the Canadian NSERC system. They want to see
productivity. They are not too fussy about following your original mandate,
as long as you are productive, and you're recognized for that productivity
and the contributions in that field. (P4)

In some cases, this flexibility can extend to encompass new and often unanticipated avenues of
research.

My NSERC funding... what | did is pretty typical. | applied to get money

to do a particular project or group of related projects, and right now my

grad students are working on hydrocarbon reservoirs in Ontario, and are

actually fulfilling the mandate of the NSERC proposal. And these little

extra things came on as a fluke, and it tums out that sometimes these

little things turn out to be a lot more fruitful than anticipated originally.

So | get involved in little bits and pieces of research here and there that

{ just had not anticipated in any possible way. (G3)

Adjustments are made and resources are re-deployed in such a way as to reflect the new
definition of the situation. These processes continue and, in retrospect, may appear to constitute
a smooth transition from one research interest to another. However, our concem is to highlight
the jumps and breaks in activity that help us to understand how ambiguities and uncertainties are
dealt with on a day-to-day basis.

In other cases, there is a clear shortfall of funding, and these merit particular attention
because they may put projects in jeopardy. Often, there are relationships within the academic
setting that provide a mechanism for making up just such a shortfall.

The dean will help you out, and today we have a dean who is very sympathetic.

if you have most of the money, but you need something to top it off, to make it,

to get a really good deal, then he’'ll do it. (C3)

Alternately, the scientist may negotiate directly with the supplier of a piece of equipment to get
what is required within a certain doliar envelope.

Or else you get some money and you fry to extend the amount of money

and you negotiate with a company and say, “Well, we’ll buy this, but we

want this also.” And they come back saying, “Well, we can do it, but only

for $10,000 more dollars... (C3)

Adjustments can be made in such a way as to extend the research possibilities within a given

armount of dollars, or to extend the dollars to allow a certain kind of research to take place or a
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particular piece of equipment to be purchased. In either case, these negotiations and

adjustments are very much a part of the practical accomplishment of science.

Discussion

The data presented in this chapter have illustrated the variety of activities that are
related to pursuing funding for scientific research. The coverage cannot be considered to be
comprehensive, nor can it be taken to imply either that these activities must take place, or that
these are the only activities that can and do take place. Rather, the descriptions of activities
documented here arose out of conversations with practicing scientists, who indicated that these
activities comprise an integral part of the day-to-day accomplishment of scientific practice.
However, consistent with a symbolic interactionist perspective, the process of pursuing funding is
conceived of as integral to science not on some a priori basis, but because scientists engage in
activities related to this process in the here and now. Furthermore, the meanings that scientists
attach to these activities are seen to arise out the processes of interpretation and interaction that
constitute all human group life.

As a means of determining what we can learn about science by exploring the process of
pursuing funding from a symbolic interactionist perspective, it will be instructive to return to the
three observations that scientists made when speaking with Stewart Gilimor (1986). First of all,
the data presented here certainly support the idea of “funding pluralism,” however the emphasis
now is not on measuring success. Rather, the data illustrate the diversity of approaches that
scientists take to pursuing funding, and the implications that these activities have on what
science gets done and how it gets done. For example, one scientist indicated that a stipend to
cover administrative duties was used to finance research, while another indicated that the
decision to carry out unfashionable research meant that most avenues for financial support
would be closed. Similarly with respect to Gillmor's second observation that different funding
agencies tend to fund either people, projects, or problems, the data demonstrate that scientists
take these differences into account in complex ways when applying for funding. Decisions to

carry out specific research programs are not taken in advance of pursuing funding, nor are these
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two activities carried out in isolation from one another. Rather, an intricate relationship exists
between these activities, not to mention several others outlined throughout these pages, that
together constitute the experience of science as practiced. Decision-making processes appear
to reflect a negotiated order that is far' more pragmatic than what some might perceive as being
consistent with the disinterested or universal pursuit of truth. Scientists carry out their work in the
day-to-day world, just like members of other groups, and the decisions they take reflect their
interpretations of this world and their place in it. Some choose to pursue large grants, while
others select to operate on a shoestring. Neither situation is more or less scientific than the
other, but both are certainly socially constructed.

Thirdly, the scientists interviewed by Gillmor identified what he calls the “bi-directional”
character of the funding process. That is, there is a knowledge gap between what scientists
know about funding (i.e., policies, procedures, and political implications) and what bureaucrats
know about science (i.e., disciplinary jargon, research programs, and experimental procedures).
This “incommensurability” between the scientists and the bureaucrats can lead to frustrations on
both sides, and it can certainly have consequences in terms of what science gets done and how.
In fact, decisions to fund certain scientists and not others might be made on the basis of what
people on both sides would consider irrational and irrelevant criteria. The data presented here
indicate that scientists often see things this way, and some clearly indicate that they resent this.
What we want to know, however, is how this state of affairs impacts scientists on a daily basis.
Part of the answer has to do what Karin Knorr-Cetina (1983a) refers to as “transepistemic”
processes, that is, processes that involve taking into account muitiple worldviews. Based on the
data, the process of pursuing funding would certainly fall into this category. Scientists not only
take others into account when carrying out their work, but they leam to view objects (e.g., their
own research, government science policy, industry goals) from a variety of perspectives, through
ongoing interaction with members of other groups and through interpretation of what takes place.

The equating of scientific activity with the growth of knowledge is a theme that has
arisen several times throughout the preceding chapters, and as the discussion at the beginning

of this chapter shows, the role of funding is an important aspect of these debates. Studies seem
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to indicate that no clear link can be drawn between the level of funding attained and the amount
of knowledge produced. From the perspective of a symbolic interactionist, part of the reason
why this relationship is unclear is because the wrong questions are being asked. Not only is it
incorrect to assume that the primary goal of the scientific enterprise is to produce knowledge, but
it is equally fallacious to suppose that there is a direct causal relationship between money and
facts. Some of the scientists interviewed here stressed the importance of acquiring funds, while
others were less concemed with these matters. None of them stated their views in terms of what
might be referred to as a “price of truth” argument. Rather, a decision to pursue funding or not,
and to what level, is tied into what | would call the “freedom to pursue goals.” Ballet companies
and symphony orchestras, neither of which are generally able to meet their financial needs
through ticket sales alone (see Chappell, 1991; Huntington, 1993; Throsby, 1995), seek out
support from govermnment arts councils and private sponsors, in order “to perform.” Outlaw biker
gangs hold field days and “public® dances (see Wolf, 1991) in order “to ride.” it might be the
case that the goal of science is simply, in processual terms and in the words of Francis Bacon,
“to twist the lion’s tail.” In other words, scientists poke and prod the world around them to see
what will happen as a resuit of their actions. This view of science is consistent with lan Hacking’s
(1983) contention that science “as practiced” has more to do with “intervening” in the world, than
it does with the more philosophical view that science is about “representing” the world.
Knowledge growth and the building of research empires may be consequences of such a
venture, whether intended or unintended, but our focus is on the processes through which all of
this takes place, not the products. So, the focus of much philosophy, history, and sociology of
science, in following an epistemological agenda, may really be off the mark in terms of getting at
what really “drives” science, at least as a reat human, social, and institutional activity. However,
we have only discovered this and can only pursue it further through more (not less) genuinely
saciological exploration of the scientific enterprise.

A related issue is whether funding-related activities are to be considered scientific, and,
by extension, whether our expioration of these activities brings us any closer to determining what

is and is not science. As a working definition, throughout this project, science has been equated
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with what scientists do. The interview material clearly shows how deepiy funding-related issues
are embedded in the matrix of activities carried out by scientists on a daily basis. To attempt to
tease out those elements that somehow could be classified as strictly funding-focused wouid be
to alter the way that scientists conceive of and carry out their work. At the same time, however,
the activities that constitute pursuing funding do not serve to differentiate science from non-
science. Rather, consistent with the whole notion of generic social processes, they serve to link
science to other reaims of human endeavor. There may be something unique or exceptional
about science, as with other human pursuits, but this “quality,” whatever it may be, is unlikely to
emerge from the examination of everyday activities.

By viewing science as a realm of practice, however, we are in a position to contribute to
the ongoing controversy over what it means to view science as socially constructed. As
discussed earlier, Latour and Woolgar (1986) argue that the facts produced by scientists are
socially constructed in the laboratory, while Knomr-Cetina (1983b) refers to social constructionism
(constructivism) more as a research program for those studying science. Like many
contemporary philosophers of science, following an exploration of the different ways in which the
term “social construction” is used in discussing science, Sergio Sismondo (1996:77) still
concludes that social constructionists' views on science can be explained away in the end as
ultimately epiphenomenal. That is, he argues, science only “appears” to be socially constructed.

Scientific knowledge looks underdetermined and contingent while it is

being created because there are (often) competing institutions and other

social objects, and scientists spend much of their time dealing with these

objects. Thus we need a theory of science, or an approach to science,

that is consistent with and helps us to understand the fact that science

is not the purely rationalist and cognitive exercise that some positivists

thought it was. Yet to understand science’s successes and failures we

have to have a theory of science that doesn't make successes and

failures into miracies.

Sismondo is arguing that science is in some ways a product of both cognitive and social
processes, but his reversion to the word “miracles” betrays that his acceptance of this state of
affairs is crucially limited. When push comes to shove, he maintains a fundamental asymmetry

between the cognitive and rational aspects of science and the social and irrational. He has

simply accommodated a greater measure of the latter in his conception of science, on the basis
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of the findings of the history and sociology of science. His position differs little, really, from the
exceptionalist view of science held within the traditional sociology of knowledge, and it points to
the fact that Sismondo is still evaluating social constructionism from the standard
epistemological standpoint of the philosophy of science. In other words, he, like many advocates
and critics of social constructionism, still views the production of certified knowledge as the
definitive goal of all scientific activity, and he believes that decisions as to the success or failure
of the products of science are based on largely rational criteria. The social side of science, while
certainly evident, is still viewed as something to be taken into account to a point, but ultimately
explained away. What | would argue is that when science is viewed “naturalistically” as a
practice, and not “artificially” as a philosophical system, then whether a development in science
is logical and rational is irrelevant to the “scientific® study of science. What matters, as symbolic
interactionism would argue, is that our understanding of science reflects what actually takes
place among practicing scientists, as they attempt to accomplish the goals they have set for
themselves.

The advocates of the strong programme (see Bloor, 1976, 1991; Bames and Bloor,
1982) suggest that the social and cognitive aspects of science should be treated symmetrically.
That is, when examining the basis for the successes and failures of science “all beliefs are [to be
treated] on a par with one another with respect to the causes of their credibility” (Bames and
Bloor, 1982:23). In other words, whether something is determined to be true or false, the basis
for that truth or falsity must be sought symmetrically. True beliefs cannot be assumed to be
solely cognitive and rational, any more than false beliefs can be assumed to be solely irrational
and social. Following the standard view within the philosophy of science, most scholars studying
science start out with the assumption that the cognitive and the social are separate, and yet the
bulk of evidence gathered from studies of science does not appear to support this view. Like
Bames and Bloor, | have chosen to assume otherwise, and the material presented here, while
certainly not conclusive, demonstrates that it might be worthwhile grounding the sociology of

science on this alternate approach.
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Taking this analysis a step further, social constructionism, as the term is used by
Sismondo and others, implies that scientists are not dealing with the application of steadfast
rules, but that these rules are dynamic (changes in thought styles, changes in paradigms,
changes in government policies). Changes occur both with respect to the social side of science
(funding, government policies, and so on), and the cognitive side of science (method, logic).
Maintaining the dichotomy between these elements lends support to a perception that somehow
the social aspects of science are negotiated separately from the negotiations of cognitive
elements, and that the almost accidental resuit of these two separate processes of negotiation
(cognitive negotiations having priority over social negotiations) give us what we call science. As
stated above, | contend that, in practice, no distinction is maintained between the social and the
cognitive, and that the negotiated order that manifests itself as the products of science is more
accurately conceived of as “intersubjective accomplishment.” Latour and Woolgar (1986:281)
hint at this when they argue that the word social should be dropped from the phrase social
construction because all construction is social. | would go further to suggest that the term “social
construction” be abandoned within science studies altogether as ambiguous and politically
loaded (see Gross and Levitt, 1994; Ross, 1996)." From a symbolic interactionist perspective,
then, it is not enough to say, as others have done, that pursuing funding is important to, but
distinct from, science. Rather, the evidence presented here supports the contention that funding-
related activities are, in fact, integral to science as practiced, in ways that altemate approaches
to the study of science are less well equipped to take into account.

A further benefit of the symbolic interactionist approach to science, and the use of the
generic social process scheme, is to permit researchers to demonstrate just how similar science
is to other group activity. With respect to the GSP scheme, more directly, the following list of
activities was used to order the presentation of data in the chapter and provide a framework for
discussion.

Identifying Sources of Funding

Dealing with Government Agencies
Financing a Career

! In Chapter 9, I discuss the so-called “science wars,” in which social constructionists are accused of
trying to undermine the scientific enterprise.
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Satisfying Mixed Agendas
Responding to [nnovation
Identifying Industrial Niches
Looking for Altemnatives
Tapping into the Broader Community
Looking within the Institution
Settling for Less
Bowing Out
Preparing Grant Applications
Meeting the Requirements
Interpreting the Requirements

Entering Partnerships

Marketing Services, Equipment, and Materials

Making Adjustments
The fact that some of these areas are explored in a more detailed fashion merely reflects the
quality (implying characteristics and not value) of the data, rather than suggesting that some
activities are more or less important than others. Any one these activities could form the basis
for an extended research project, just as there may be other activities related to funding that
have not been dealt with here, such as the ongoing administration of funds over the period that a
grant is held. At the same time, these same processes should be evident in the activities carried
out by members of other social groups.

In his study of an outlaw biker gang, Daniel Wolf (1991:250) indicates that the club had
five major sources of revenue: membership dues and club fines, the sale of various commodities
to members, the brokerage of club shares, sponsoring ‘boogies,’ and holding ‘field days.™ Like
members of other groups, bikers work towards achieving their goals, and for motorcycle clubs
this means holding “runs,” in other words, being able “to ride.” While direct parallels with the
activities carried out by scientists may not be obvious initiaily a closer examination of how these
sources are employed by the bikers will help to draw out the more generic elements. For
example, just as scientists apply for funding at regular intervals (every year, every three years,
and so on), bikers pay annual dues to their club in order to continue to carry out their “work.” The
imposition of ciub fines is not unlike a sort of “peer review” process through which the actions of
individual members are monitored and evaluated. Similarly, just as scientists market various
compounds, equipment, and services to their colleagues, bikers provide beer, motorcycle parts,
or even a room for the night, to club members at special prices, or through barter. Bikers can

turn to the club or other members for a loan, just as scientists can lock within their institutions for
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funds to supplement or replace what can or cannot be obtained externaily. In some cases, when
adequate funds cannot be obtained, bikers will make adjustments by not riding as frequently, or
they may bow out for a season if circumstances warrant such action.

On a larger scale, motorcycle clubs will often tap into the broader community by holding
a ‘boogie,” which is a “public” dance. That is, the usually closed world of the outlaw bikers will be
open to certain members of the public who want a “taste” of the outlaw life, through a well-
planned and carefully-executed event, in many ways parallel to preparing to carry out a scientific
experiment. Just as scientists set up laboratories, and purchase equipment and raw materials,
bikers rent a large hall or public place, hire a band, and bring in galions of beer. Tickets for
these events are sold through motorcycie shops and bars. In camrying out these boogies, bikers
are balancing their desire to be left alone with the need to finance their lifestyle. Just like
scientists dealing with government agencies, equipment suppliers, or their colleagues, the
successful operation of these public dances involves taking into account different worldviews.

Bikers also hold “field days,” to bring several clubs together for a series of competitions
and some “serious partying.” These events are closed to the public, and every effort is made to
isolate the events from potential public contact and police surveillance. As Wolf (1991:253)
indicates a successful field day is a “collective enterprise that demonstrates the strength of the
brotherhood as a resource base of diverse skills and a wide network of both business and
streetwise contacts.” For example, several members worked together to construct a motorcycle
out of spare parts that they were able to get their hands on, and this was raffled off as part of the
festivities. Also, corporate sponsors, especially Harley-Davidson (the sole supplier of equipment
to outlaw bikers) through their local sales and service outlets, wili contribute prizes for some of
the competitive events. Just as with scientists who enter partnerships or identify certain niches,
bikers build on their skills and knowledge as a resource to help them attain funds. Through one
such event, “with upwards of four hundred people attending the forty-four-hour-long party,” the
club realized a profit of about $6000.

In terms of examining other aspects of human group life, the kinds of processes

documented here might help us to increase our understanding of ballet troupes, theater
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companies, symphony orchestras, and other groups that rely on govemment and corporate
funding for their existence. Similarly, these activities might help us to examine the changing
ways in which universities and private schools are appealing to broader audiences for support. [t
might also be interesting to take one of the many subprocesses or activities mentioned here and
examine it in a number of diverse settings. For example, it might be instructive to compare how
various groups faced with shortages in govemment funding look for altematives by tapping into
the broader community. A study of this kind could include a number of voluntary sports and

recreational associations, community health services, day-care facilities, help lines, and so on,

as well as the scientific community.
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Chapter Eight

MANAGING EQUIPMENT

As with the previous chapter on funding issues, this chapter begins with a survey of
some of the studies that have been carried out on the part that equipment plays in the scientific
enterprise. Again, | draw links between issues raised in these studies and the material that was
provided to me by the scientists | interviewed. Further, | compare the activities engaged in by
these scientists with those engaged in by biker gangs and sex workers, as they take the
equipment they use into account. The data also support alternate interpretations of the terms

“black box” and “technoscience,” and allow for further clarification of the notion of non-human

agency.

Context

Herbert Blumer (1969:2) indicates that one of the fundamental tenets of symbolic
interactionism is that people respond to objects (animate or inanimate, conceptual or concrete)
based on the meanings that these objects have for them. Regardless of the form of these
objects, the two most important points to remember are that these objects constitute the
“obdurate reality” which people confront on a day-to-day basis, and that people assign meanings
to these objects through ongoing processes of social interaction and interpretation. The material
presented in this chapter focuses on how scientists respond to one particular class of objects,
namely, the equipment they use to carry out their scientific work. Consistent with symbolic
interactionism and contrary to some versions of actor-network theory (see Callon, 1986, 1995;
Latour, 1987, 1988; Pickering, 1995) the present project does not extend the notion of agency to
encompass non-human objects. Rather, the action of science is to be found arising out of the
intersubjective accomplishment of day-to-day activities by human actors that take this equipment
and a range of other objects into account as they pursue their goals. Thus, for present purposes,
we are interested in the equipment itself only to the extent that it is meaningful o the scientists

that encounter it on a daily basis.
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From test tubes to space telescopes, scientists regularly make use of a broad spectrum
of equipment (devices, machines) to help them reach their goals. [n spite of this, equipment has
not figured prominently in social studies of science, and we know very little about how scientists
deal with equipment-related issues on a daily basis. With the exception of a few studies
examined below (Traweek, 1988; Jordan and Lynch, 1992; Barley and Bechky, 1994; Nutch,
1996), when machines have been mentioned, it has tended to be in the context of two ongoing
philosophical debates. First, several sociologists of science have discussed equipment in the
context of delineating the nature and relationship of science and technology. The boundary
between the two has proven to be very fuzzy (see Knomr-Cetina, 1981; Latour and Woolgar,
1986), raising the philosophical problem of the demarcation of science once again. Second, the
issue of how scientists interact with their equipment has been raised in the context of the
sociological notion of the “black box” (see Latour and Woolgar, 1986; Collins, 1992). This notion
centers on the way in which scientists treat certain objects (e.g., equipment, facts, methods) as
taken for granted and unproblematic, as they go about their work, thus opening up discussions
on the relationship between theory and evidence and the closure of scientific debates. A closer
examination of these two issues will help to illustrate the impact they have had on the social
study of science.

Pickering (1995:157) points out that people tend to associate science with the production
of knowledge and technology with industrial settings and material production. This separation of
science and technology is evident in the Mertonian tradition of the sociology of science, where
no mention of equipment is ever made, because scientists are seen to be engaged in the more
abstract pursuits of the development and testing of theory. Evidence that the boundary between
science and technology was not so distinct in practice, however, led some sociologists of science
to view things differently; arguing that there was in fact no significant difference between science
and technology. For example, actor-network theorists (see Latour, 1987; Law, 1987)
emphasized the instrumental character of what they called “technoscience.” A group of
researchers engaged in studying the “social construction of technological systems” (see Bijker,

Hughes, and Pinch, 1987) advocated a more extreme variant of this position, in which



202

technology was to be viewed as being on a par with science, at least with respect to its level of
abstraction. Both of these positions represent a retum to philosophical arguments over how to
determine what is or is not science. As has been argued throughout, | not only think that these
debates are largely irresolvable, but, in the absence of much more empirical evidence of what
actually takes place in scientific practice, sociological efforts to contribute to the resolution of
these problems are misdirected and futile.

Sociologists of science use the concept of a “black box” to describe the way in which
equipment is often discussed within the more positivistic and mechanistic framework of science
textbooks and joumnal articles. This term refers to any apparatus (or procedure) that when given
a specific input x will reliably produce output y. What goes on inside the black box is viewed as
“unproblematic,” in that individual scientists can be confident that their peers will not question
that a certain device produces output y from input x, and that any scientist using this device will
obtain the same resuits. This element of control and consistency is seen to provide a sense of
permanence and stability to some aspects of the scientific enterprise. As Latour (1987:3)
argues,

no matter how controversial their history, how complex their inner

workings, how large the commercial or academic networks that hold

them in place, only their input and output count.

In support of the appearance of closure or stability, social studies of science have shown that
scientists regularly forget (ignore) the details of the messiness and contingency of scientific
practice associated with the construction of these black boxes in the first place. Latour (1987)
attempts to account for this forgetfulness by arguing that scientists build strong resource
networks in support of their positions. On the other hand, Collins (1992) argues that scientists
rely heavily on tacit knowledge rather than on more formalized notions of theory and evidence.
In either case, though, the primary concem is with using this information to support their debate
with more realist sociologists and philosophers of science about the essential nature of science.
Consequently, they do not pause to investigate further the actual ways in which scientists deal
with equipment. Is all of the equipment commonly used by scientists treated like “black boxes?”

To even begin to answer this question, or simply to discuss the notion of the “black box™
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adequately, we need to know more about what kinds of equipment, under what circumstance, are
classified in this way. As with the science and technology issue, in the absence of more
empirical evidence, our understanding of the role that black boxes may or may not play in
scientific practice is too limited.

Regrettably, the situation has become even muddier with the emergence of a third
philosophical debate. One group of researchers (see Callon, 1986, 1995; Latour 1987, 1988;
Law 1993) conceptualizes the whole array of instrurnents, supplies, and other tools employed by
scientists as “material agents” which, like “human agents,” play a role as “actants” in the power
game of accomplishing science. In other words, these scholars argue that scientists,
bureaucrats, scientific apparatus, raw materials, funding, and all other objects are to be seen as
constituent parts of the network that supports the scientific enterprise, with no privileged position
being attributed to scientists or other humans in the network. This approach is at the heart of the
epistemological “chicken debate,” which was first played out in a collection of essays on science
studies edited by Andrew Pickering (1 992)." In this debate, Harry Collins and Steven Yearley
attack the “extended symmetry” of actor-network theory with respect to human and non-human
(material) agency. They argue that there are two alternatives. Either we see scientists as
producing accounts of material agency and then analyze these accounts sociologically as the
products of human agents (the position favored by Collins and Yearley), or we accept the
existence of material agency and yield our analytical and descriptive powers to the scientists
themselves, as they are the only ones qualified (scientifically) to address such issues (Pickering,
1995:12). In other words, either we can do social studies of science, which assume the
uniqueness of human agency, or we abandon our efforts in favor of truly intermnalist accounts of
science.

In their response, Michel Calion and Bruno Latour offer a third interpretation based on
the idea of treating both human and non-human agency semiotically. In other words, in

discussing science we are merely speaking (using various signs and symbols) as if humans and

! Pickering (1995) provides an excellent summary and analysis of the debate, which forms the basis for
niy coverage.
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machines have agency, and the issue of whether these things are real entities or social
constructs is not important. Pickering (1995:13-15) identifies two problems with this response.
First, he points out that a semiotic approach leads us away from studying the temporally
emergent practice of science into an atemporal “world of texts and representations.” Second, he
draws attention to the fact that while it may be permissible, semiotically, to speak as though
there is no difference between human and non-human agents, in practice it is not. As he

(1995:15) observes,

[ find it hard to imagine any combination of naked human minds and
bodies that could substitute for a telescope, never mind an electron
microscope, or a machine tool, or for an atomic bomb (or for penicillin,
heroin,...)

Pickering’'s alternative solution to the chicken debate (the mangle of practice) was discussed in
Chapter 4. Moving ahead, however, there are a number of issues of consequence to the social
study of science raised by the chicken debate. First, it itlustrates the degree to which social
studies of science have been hijacked by efforts to contribute to a philosophical agenda that is
largely irresolvable. Second, it leaves us wondering what we might discover if researchers
abandoned the philosophical agenda and returned to the open empirical exploration of science.
Third, it emphasizes the fact that while machines are clearly recognized as central to the
scientific enterprise, we know aimost nothing about how the reiationship between scientists and
their machines manifests itself in practice.

Tuming now to an examination of some actual field studies of science, there are a
number of studies that offer a glimpse of the daily activities that scientists engage in with respect
to equipment. Sharon Traweek (1988) stops short of attributing agency to machines, but she
does view the “detectors” that one particular community of physicists use to collect data as the
“material embodiment of the high energy physics culture® (1988:46).

Detectors are distinctive and serve as the “signature” of the group. These

machines are at the heart of the research activity of particle physics. Detectors

- their conception and development, their maintenance, their performance

during the precious allotment of beamtime for an experiment - are the stuff of

frustrationt, hope, heartbreak, and triumph for research groups. (Traweek, 1988:49)

Several aspects of this statement are important for the present project. First, Traweek’s

emphasis on detectors reflects the importance attached to these objects by the scientists
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themselves, and suggests that the scientists’ identities, perspectives, and careers are intimately
tied in with them. Second, we see that it is not the detectors themselves (in some external
objective sense) that are important for these physicists, but rather it is the range of activities
associated with these devices that constitutes the scientific enterprise. Third, the actual
activities of conceptualizing, designing, building, operating, and maintaining these detectors are
just the kinds of activities reported by the scientists studied for the present project. Finally,
Traweek'’s statement alerts us to the human side of the scientific enterprise, by drawing attention
to the frustration, triumph, and other human products that emerge from scientific work, along with
whatever scientific knowledge and discoveries might result.

Another interesting observation that comes out of Traweek’s study has to do with the
cultural differences between America and Japan with respect to how the process of “fixing”
detectors is carried out. In the case of the American physicists, the approach to equipment is
much more pragmatic and hands-on, while in Japan the situation is very different.

[T]he experimentalists did not have the means to make and unmake

their own equipment, even if they wanted to. Their own training had not

prepared them for dismantling and rearranging detectors, but for overseeing

the work of engineers. (Traweek, 1988:69)

Not only does this statement emphasize that we must be cautious when we attempt to conflate
science and technology, but it contains the significant implication that a machine in Japan is not
necessarily the same as a machine in America. Rather, cultural differences between groups of
scientists will be reflected in the meanings that members of these groups attach to detectors and
other devices. While in this particular case the potential for altemnate interpretations is based on
national differences, other studies (see Jordan and Lynch, 1992; Fujimura, 1996) provide
evidence that the same phenomenon, i.e., multiple interpretations of things otherwise assumed
to be objective and given, can be observed across a range of settings, right down to a single
laboratory.

In a collection of papers edited by Adele Clarke and Joan Fujimura (1992), a number of
scholars examine various “tools” that researchers in the life sciences have used to help them

reach their goals. The studies are largely historical, and can be seen to reflect an aspect of

Thomas Kuhn’s work.
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So long as the toois [that] a paradigm supplies continue to prove capable

of solving the problems it defines, science moves fastest and penetrates

most deeply through confident employment of those tools. The reason

is clear. As in manufacture so in science — retooling is an extravagance

to be reserved for the occasion that demands it. The significance of crises

is the indication they provide that an occasion for retooling has arrived. (Kuhn, 1970:76)
For Kuhn, as for those represented in the Clarke and Fujimura volume, the notion of tools
encompasses not just specific pieces of equipment, but also procedures, tests, and other
patterns of activities that scientists may engage in.

Among the findings are the notions that “tools™ are constructed, disciplined (made to
‘behave’ consistently in predictable ways), and reconstructed along with the jobs that they are
designed to perform and the appropriateness, or “rightness,” of the tools for those jobs (see,
Clarke and Fujimura, 1992:17). In other words, in the process of accompiishing science,
scientists not only construct and modify their tools, but many aspects of their life-worlds may go
through simultaneous transformations. That is to say, a change in one aspect of scientific
practice, particularly with respect to tools, often is accompanied by changes to other aspects
(e.g., research interests, allocation of resources).

While some issues discussed in the studies reported in the Clarke and Fujimura
collection are consistent with the approach advocated in this study, there is one major weakness.
In only one study out of ten (Jordan and Lynch, 1992) do we hear directly from the scientists
involved. Through their analysis of the “plasmid prep~ (a tool on its way to becoming a black
box), Jordan and Lynch discover that a seemingly standard procedure is subject to a diversity of
local variations that reflect the particular circumstances of those employing the procedure.
These authors contend that the notion of a black box is primarily a “representational convention,”
and that a more accurate description of what takes place in practice would be to refer to these
tools as “translucent” boxes. That is, reflecting the processual and emergent nature of scientific
practice, the outlines of these devices are not clearly resolved, and the inner workings are open
to dispute. Unfortunately, Jordan and Lynch, along with several other scholars represented in

the volume, use these discoveries of the contingent nature of scientific practice to engage in

discussions of what constitutes rationality and realism in science. We are more interested in
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hearing from scientists directly, because, as indicated, an interactionist approach to science is
not to be limited by some philosophical research agenda.

As was pointed out in Chapter 4, one study that shifts the focus away from the
equipment itself towards the people responsible for looking after the equipment, was carried out
by Stephen Barley and Beth Bechky (1994). These scholars were interested in the work of
technicians in scientific laboratories, and they make a number of observations pertinent to the

focus of this chapter.

Technicians focused mare on the instruments than on the cells they analyzed,

knowledge of optics, lasers, fluorescence, and computers was considered

more crucial than knowledge of cell biology. (Barley and Bechky, 1994:93)
This statement illustrates the fact that the distinction between technology and science, and the
knowledge and activities associated with them, has consequences for the way in which science is
carried out on a daily basis. At the same time, however, the reliance of science on technology,
and on people who can work with it, is also highlighted.

Much of the technician’s and the research support specialist’s work involved

setting up and aligning instruments, a time-consuming task that required

adapting the devices to the study at hand. (Barley and Bechky, 1994:94)
As will become clear throughout this chapter, many of the activities that Barley and Bechky
describe as part of technicians’ work are carried out in varying degrees by the scientists
interviewed for this study.

in a somewhat related effort, Frank Nutch (1996) presents a study of what he calls
“gadget-scientists,” who employ a variety of “gadgets, gizmos, and instruments” in carrying out
their research. Based on his reading of Fujimura (1987) and Traweek (1988), and through his
own study of scientists at the Crescent Reef Marine Laboratory, Nutch argues that unlike gadget-
scientists, “conventional” scientists use “ready-made,” “off-the-shelf” equipment to carry out their
work. When they are confronted with difficulties related to the use of such equipment, these
“conventional” scientists

are more likely (1) to rely on technical support and mass-produced

equipment, (2) to undertake a different project, or (3) to change their
research project significantly. (Nutch, 1996:220)
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Unfortunately, there is little empirical evidence to indicate how Nutch determined these three
options, or how scientists determine which of these options to take.

Two elements of Nutch’s study have particular relevance for the present project. First,
the creation of a typology in which some scientists are labeled as “gadget-scientists” and all
others are “conventional” scientists seems overly simplistic. In spite of its apparent basis in
practice, it is unlikely that this dualism can reflect the dynamic nature of the scientific career,
within which perspectives, identities, and activities are constantly changing. Second, my
research seems to indicate that the kind of activities that gadget-scientists engage in (adapting,
madifying, repairing, and tinkering) are the norm among many scientists, rather than the
exception. On a more positive note, through his fieldwork, Nutch came to realize just how much
of scientists’ daily activities are centered around issues of dealing with equipment.

What these studies demonstrate is that it is not the equipment itself, but rather the
meanings that scientists attach to it on a daily basis, that is crucial to the scientific enterprise.
Building on this insight, the material in this chapter contributes to a more detailed understanding
of the content and complexity of the activities that comprise the process of managing equipment.
In other words, our interest is in the range of activities that scientists engage in as they employ
certain material resources (machines, tools, equipment, and related procedures) to accomplish
their goals. The scientists interviewed indicated that the kinds of activities involved here include:

Selecting Equipment

Acquiring Equipment

Operating Equipment
An examination of these activities will show that the practical accomplishment of science on a
day-to-day basis is a collective enterprise that arises out of the ongoing interaction and
interpretation processes engaged in by scientists and members of other groups with whom they
come in contact. At the same time, it will demonstrate how, even though science is a purely
human endeavor, scientists carry out their work in a complex technical environment made up of

a vast array of objects that must be continually taken into account. The details of the activities
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they engage in also help us to see how scientists compare to members of other groups that work

with equipment (e.g., bikers, chefs, auto mechanics, musicians).

Selecting Equipment

The equipment that scientists use to carry out their research varies with the kinds of
problems they pursue and the different approaches to solving these problems that particular
scientists identify with. The ways in which equipment is selected reflect the broader range of
perspectives associated with the particular paradigms or thought styles within which scientists
may be working, and these ways emerge in response to those objects that are meaningful in the
context and situation at hand. In some cases, the selection process may appear to be quite

straightforward and well defined.

We equipped ourselves for a neurophysiology station. So, that meant
an oscilloscope, an FM tape-recorder, an electrode puller — all of the
electronic equipment for doing intracellular measurements and injections. (B5)

My work doesn't require sophisticated equipment. Basically, | need a
high quality microscope, and bench space, and a freezer, and dissecting

equipment. (B1)

This work could have been carried out in the 1920s. The techniques
were so simple, and everything | needed was at hand. (B6)

Other cases may reflect a greater degree of complexity and investment, where the interests and
expertise of a number of associated groups is taken into account.

It was a lot of hard work, as you can imagine, because of course it

involves a lot of electronics and engineering and computer science and

programming, in addition to chemistry, but | had a lot of fun doing it. (C7)
This statement is a pointed reminder not only that the practical accomplishment of science is
intersubjective, but that much of the success and satisfaction derived from participation in the
scientific enterprise is directly related to overcoming the array of challenges and struggles that
arise in working with others.

The coverage of the equipment selection process is divided into three subprocesses that

serve to illustrate the variety of ways in which this process can be seen as emerging out of

collective action. These are:

Adhering to Standards
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Working within Limitations
l.eaming from Others
As with all of the processes and activities that comprise the doing of science, there is a great
deal of overlap and interrelatedness not only among these three elements, but also with many of

the facets of the practical achievement of scientific goals covered elsewhere in this work.

Adhering to Standards

In many cases, the selection of equipment is carried out within the context of the ways in
which research is, or has been, carried out by others engaged in similar or related projects. This
collective activity can lead to a situation where certain standards are set with respect to what
pieces of equipment are considered appropriate for certain research activities, and to specific
ways in which those pieces are to be used. On the one hand, this process of standardization
serves to remove uncertainty both with respect to how certain scientific procedures are to be
carried out, and how the results of using such procedures will be received by other scientists (see
Jordan and Lynch, 1992). On the other hand, standards may constrain individual creativity, or
the ways in which scientists may take unahticipated results into account.

There are instances in which the level of standardization leads to a situation where
scientists representing a diversity of research programs and objectives will basically utilize the
same stock of equipment for their research.

The bulk of astronomers, observational astronomers, in this country

work at universities, but don't have their own telescope facilities. So,

they use other facilities, such as the Canada-France-Hawaii telescope

and the James Clerk Maxwell telescope, which are both located in

Hawaii and have their primary value at different wavelength regions. (P1)

This particular level of standardization (intemational) is taken into account when scientists
determine their research objectives, and both the determination and the consequences of the
compromises they make are shared among all participants in this area of research.

Certainly, in North America, because of the way in which the big

telescopes and big observatories have developed, there have been

a few locations which have developed techniques for retrieving

that information, and those techniques are made available to every-

body who wants them, for free. But, that means they are standardized

and that's good, because it allows other people to have a pretty good
idea of what you've done and how you've gotten your data base. So,
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when they’re comparing, when they're reading a paper that you've
written, or looking at your data set, they have an ability to evaluate

it from their own perspective, because they’ve done similar things.
So, you say, “I took this with such and such a CCD (charge coupied
device), and such and such a telescope, and | used these techniques
to reduce it, and then after that | used these techniques.” A lot of
these techniques are very similar from one place to another, and that
ailows people to... it makes it easier for someone like me to get the
data and for me to understand other people’'s data bases. The other
thing it does, of course, is it means that you don't have - unless you
are working at an observatory or you're an instrument builder yourself,
you don't have the flexibility to design a specific program for your
specific needs. So, anytime you are doing any observation, what
you're doing is always a compromise between what you want and
what the instrument has to offer. (P1)

The process of ensuring compatibility with other equipment or software, or the procedures to be
carried out in some other application, does not only take place at the level of an astronomical
observatory.

During one of my interviews, a student from another l[aboratory came into the office to
see if he could borrow a particular piece of equipment from the scientist being interviewed that
he needed for an experiment he was intending to carry out. The student had picked up the
apparatus in the scientist’s lab, and had it in his hand. The scientist nodded his consent and let
the student go on his way.

He's a very bright person, and [ have a great deal of respect for him,

but he hasn't thought about the problem. The first thing that he knows

is that he needs a reguiator, and without even thinking, he's just happy

to have found a regulator. He won't get the job done. Think about it

from the ground up. This is my instrument, and it meets 1500 psi.

They would have to have a compatible system (which they don't),

otherwise it won't work. (C2)

While there may have been some pedagogical purpose in this specific course of events, the
important point for consideration here is that, when multipie pieces of equipment are put together
in order to carry out some activity or other, success will be related to how well participants are
able to incorporate a number of elements into their interpretation of the situation. The

possession or selection of one piece of equipment has consequences for the process of selecting

another device.
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Working within Limitations

The notion of working within limitations centers on how scientists take into account the
level of access that they have to material and human resources, as they attempt to accomplish
their goals. In certain cases, these limitations may be conceptualized financially.

There are all sorts of great experiments that we know will provide most

definite answers to the questions that we are posing, and you cannot do,

simply because you don't have the instrumentation. And the kinds of

instrumentation that I'm talking about is 150,000 to a quarter of a million
dollars. It's just not cheap things. (C2)

Linked to the process of assessing feasibility, scientists may hope to carry out certain research
activities, but when it comes to selecting the appropriate equipment to carry out their plans, they
may find themselves making adaptations that match the limitations of their present
circumstances.

The easiest way to get good pure preparations of DNA is to use an

ultracentrifuge to spin out your samples in cesium chloride, at speeds

of maybe 60 to even 90 thousand Gs. But, | don’t have an ultracentrifuge,

so | have to use a chemical method, which works, but is quite finicky,

and we're having a tough time getting it to work properly. (B3)

Even when scientists possess, or have access to, seemingly appropriate pieces of
equipment, regardless of their monetary value, other conditions may need to be taken into
account. For example, when the community of scientists gains access to new and improved
material resources, existing resources, regardless of how much is invested in them, are still
conceived of as old.

We see great scientists that cannot make the measurements they need

to make, simply because they don't have the equipment to make the

measurements with. And, to make things worse, things are changing

at an accelerated pace. So, if you've got something that's state of the

art today, a few years down the line, it is yesterday's news, and | think

that computers are a classic example of this. (P4)

Keeping in mind that our concem is not with the equipment itself, but with how scientists deal
with that equipment, it is instructive to consider how changes in computer technology, for
example, affect the ways in which people practice science. For example, Paul Edwards (1995)

points out that the majority of studies examining the social aspects of computer technology have

tended to be “impact” studies reflecting either a utopian or dystopian perspective. Edwards
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(1995:258) argues not only that these studies tend to be ahistorical, but that they lack the kind of
“detailed exploration of local effects characteristic of some of the best science studies literature.”
Based on three case studies (computers in the military, computerization in banking, and gender
identity and computer use), Edwards (1995:284) concludes that it is inappropriate to view
computers as “causing” social change. Rather, it is essential to take a “social process” approach
to understanding precisely how computers are integrated into existing networks of social
relationships. As one of the scientists interviewed for the present project stated:

All three of these things — how you could do the calcuiations, how you

could write the papers, and how you get scientific information -- that

dramatically changed in the last 15 years, and all because of the computer

— combined with the intemet. (P2)

Here, three aspects of accomplishing science on a day-to-day basis are identified as having
been effected by computer-related innovations. Further research might follow up on any or ait of
these three, to examine the details of the specific changes that have taken place in the activities
of scientists that emerge as they integrate computers into their daily practice. This will involve
taking more into account than the technical capacity of computers and other equipment, not to
mention the changing nature of scientific problems. Such research will also need to reflect the
attitudes of administrators, funding agencies, and colleagues, with respect to their awareness
and appreciation of the broader consequences, particularly around resource allocation, that
technological advances imply.

The process of selecting equipment reflects not only the scientists’ understanding of
what some particular piece of equipment will do for them, it also incorporates a level of
understanding of broader-based trends and anticipated changes in the capabilities of that
equipment.

Well, spectrographs have a variety of limitations. The most severe one

that is now being resolved would be that conventionally, you take a spectrum

of one object at a time, and that means that not only are you taking a long

time to take that one object, but you're only able to do a few in a night.

There are now a group of spectrographs that are being developed in various

ways that will allow you to take spectra of 15 or 20 or 30 objects at the same

time. They use fiber optics, and again, you have to have the sophisticated

computer capabilities to do that online, on site, then and there. (P1)

| needed at least 8 megabytes of RAM to handie the symbol manipulation
software, but 1 got 16 megabytes of RAM because | really wanted to be sure



- that | could do these calculations. On a previous purchase, | skimped a little
bit on that, and | thought on this one, “I'm going to get it. [t's an extra couple
of hundred dollars, but it's worth the money.” (P2)

| bought this thing (computer) a year ago — | expect it will last me a few

years -- but I'll have to upgrade it probably in another three years because
there just will be better software developed, and it will require bigger capacity.
You'll be able to do that much more. (P2)

Scientists often balance the immediate cost of equipment with considerations of the “life-
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expectancy” of that equipment. The ways in which scientists interpret pieces of equipment and

other objects are subject to change, and in selecting equipment scientists attempt to predict to

some degree what those changes might be.

Well, a mixture. It was done the way a person would do any typical
consumer purchase. You want the best value for the least amount of
money — computers especially. Since this is for professional purposes,
this was top of the line, it was the fastest — { mean, it isn't now, | expect -
but when | got it, it was the fastest machine on campus. So, what criteria?
| wanted something that had a lot of storage space. So, this has a one
gigabyte hard drive -- the previous computer | had had a 60 megabyte
hard drive. So, this is more than ten times the size. Why? Software
programs take up a lot more room on the disc, and storing my data which
are my papers and my calculations - they take up space — and | just need
that space. | wanted a machine that, for economic reasons, | wanted to
get the top of the line, so | could be convinced that it would last me on the
order of five years, which'| expect this machine will last me. (P3)

Thus, the notion of working within limitations can be seen to reflect scientists’ understanding of

their own work and the part that equipment may play in accomplishing that work. Equipment

may be selected on the basis of an assessment of the scientists’ present circumstances (in terms

of resource allocation) or on the basis of an assessment of how the incorporation of any

particular piece of equipment into the scientists’ working environment may alter ongoing or

planned courses of action.

Leaming from Others

In other instances, the selection of equipment will be based on what scientists can leam

from others, either through formal or informal means. This process may involve observing the

operation of some piece of equipment in someone eise’s laboratory, or it may even involve trying

out the piece of equipment to see if it meets some particular criterion or other.

The guy | was working with was a pure neurophysiologist, and [ was a
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neuroendocrinologist with not a lot of experience on the neuro side. So,
he knew exactly what equipment he wanted, and he also knew what the
better ones were that we could afford. (B5)

Well, it's a combination of things. You read the literature. You find out

that peopfe are doing a certain type of measurement. You have materials

which you think may have the same properties as these people are studying,

so you want to do that measurement as well. So, usually the first step, and |
guess we sort of more or less followed this, is that you find someone who

already has the existing equipment and you say, “Can you measure this

material for me and see if it has these properties?” And they do, and sure
enough it has the properties you want and you get all excited. And then you

start doing a few other things in their lab and you say, “Could | measure this

and could | measure that?” And then you start doing the measurement yourself
in their lab because nobody wants to spend usually weeks and months doing
your measurements. So, | will send my student over to their lab to do these
measurements and | will also go there. And after you do a little bit of this, you
realize that the materials that you're making do have the properties that you want,
and at some point it becomes apparent that this is going to become a major research
effort in your lab, and so you're going to have to acquire this equipment yourself,
otherwise you're not going to get very far. (C5)

Here, the scientist makes use of various relationships and associations with scientists in related
research areas to gain access to equipment on a trial basis in order to evaluate its
appropriateness, before allocating significant resources and committing to a new or modified
course of action. The various stages of involvement mentibned here each provide an
opportunity for continuance or termination. At each point, the scientist is simultaneously
selecting a piece of equipment and a course of action for their research, on the basis of ongoing
interaction with others and a process of ongoing interpretation.

I've had to acquire a lot of new equipment to study these materiais.

In fact, an entirely new set of apparatus for measuring the conductivity

in these materials. We had all of the wherewithal to make the materials

and to do some of the studies of their structure, and then we had to set up

a new part of my lab to measure their properties. (C5)
Thus, the decision to acquire a new piece of equipment may also entail making other
madifications in the way that scientific activity is carried out, with respect to pursuing funding,
managing students, and other activities illustrated in this work.

The process of ieaming from others when selecting equipment shows a continuous and
emergent quality, where ongoing interaction with colleagues constitutes the intersubjective
achievement of collective goals.

Then usually you tumn to the person whose {ab you've been in, whose
equipment you've been borrowing, for counsel as to how to build something
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like this. You talk to many other people, then you start to publish your own

research in this area. That brings you to conferences where other people

are publishing the same sort of data, so then you talk to these people about

what kind of apparatus they have, how did they build their's... people share

this kind of inforration usually. “Oh, well { got one of those French systems.”

You know, things like that. So you slowly over a period of time acquire

information as to where to go for all the bits and pieces. (C5)

Coliins (1992:55-56) describes the difficulties faced by scientists in their attempts to build a TEA
(Transversely Excited Atmospheric pressure) laser. Not one of the scientists he spoke with was
able to construct the laser solely on the basis of the available published materials. Success
came only through direct personal contact with the original builder of the laser. Further, no
scientist was successful in building a laser whose informant was a “middle man,” that is someone
who may have been involved, but that had not actually built a laser themselves. Even among
those that succeeded in building the laser, only those that engaged in an extended period of
contact with the original builder, such as spending time in their lab, were able to get their lasers
working.

The process of selecting equipment not only represents a distinct set of activities in the
daily practice of scientists, but these activities are clearly linked to many other aspects of the
scientific enterprise. The illustrations for each of the three subprocesses in this section
demonstrate that selecting equipment is very much a process of human interaction and
interpretation. Further research might look more closely at the way in which scientists’ identities
are linked to the types of equipment that they choose to work with. Traweek’s (1988) work on
high energy physicists and their detectors and Wolf's (1991) study of outlaw bikers and their

Harley-Davidson motorcycles provide an excellent starting point for this kind of inquiry.

Acquiring Equipment

Once scientists have selected the appropriate equipment for the work that they wish to
carry out, they have several options with respect to acquiring that equipment. Not only is this
process closely linked to the selection processes just discussed, acquiring equipment is most
clearly associated with processes of acquiring and allocating funds. The four subprocesses

outlined here demonstrate the variety of social arrangements that scientists may enter into, as
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they attempt to acquire the things that they have determined will help them to accomplish their

goals. These are:
Purchasing Commercial Equipment
Borrowing Equipment from Others

Accessing Shared Equipment
Designing and Building

Purchasing Commercial Equipment
Those cases where equipment can be purchased off-the-shelf reflect situations where
some other human enterprises (equipment manufacturers) have anticipated the (standardized)

practices of the scientific community, and have produced a variety of materials that scientists

regularly make use of in their work.

Sometimes in a situation like this you literally just buy a piece of equipment.
It tumns out that it's a packaged unit. You get it from some company, and you
plug it in, and you read the manuals, and you know more or less that running
the thing is usually not that difficult. (C3)

While this process may sound simple enough, in some instances, the actual purchasing process
may be tied in with the grant application process and thereby be spread over a considerable
period of time during which certain parameters may change.
I had to go to companies and get price quotes for machines, and submit them
with the grant application. Then they didn't give me what - I think | asked for
about thirty thousand, and they gave me twenty-two thousand to buy the machine.
It was enough. The prices had tumbled in the interim, and | was able to get the
machine and a laser printer as well. New technology had come out from the
submission time to the acceptance time of the grant. (P2)
in this case, the scientist was able to respond to the situation in such a way as to get more than
was originally intended. Other situations may reflect very different circumstances.
We asked three companies (A,B,C) to quote on certain equipment, and | went
with A. It was the most expensive. We haven't gone with them since, because
they were about 30% high. The thing is that | didn't know very much then. The
only reason that we went with them is that their main facility was nearby, and if |
needed something, | could go to them. (P3)
Here, the scientists knowingly traded greater financial output for easier access to service. The
process of acquiring equipment is not as simple as trading money for material. Many other

elements, such as service, are taken into account in making decisions to buy.
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- One situation in which commercial purchases may make the most sense is when there is
a high level of standardization or regularity in the desired components (black boxes). Not only
does this situation remove a level of uncertainty or ambiguity from the day-to-day work of
scientists, it means that resources, financial or otherwise, can be allocated elsewhere.

You look at the optics, then you say to yourself, “How many components
are going to be at a specific optical axis height?” And, in the majority of
cases, you are going to go commercial, because it’s going to be a lot
cheaper to go commercial, and then we'll build the rest of them to match
that optical axis height. (P3)

Components used by a number of scientists may even be available at in-house facilities run by
the university itself. This is one way in which other members of the university community
become collaborators in the scientific enterprise.

Concerning the electronics components, for the smaller ones — | mean,

there are very popular ones that are readily available in the electronics shop.
We just go and get it off the shelf - some wiring, connectors, and so on.
They are already developed, and they are not expensive, so they are readily
available to us. (P3)

In other cases, the decision to go to a commercial supplier may reflect an extended
process during which scientists evaluate a number of variations of a product that were
manufactured in different ways.

To get the things that we didn't have —~ essentially the detectors - for
these, [ started building my own detectors. Now that I've learmed how,
it's not a really complex project, but if you want to get a state of the art
detector then probably what you need is someone who really knows how
to improve - how to get the best out of these detectors. So, at times, the
electronics shop builds detectors for us, but right now the way | would go
is commercial - straight commercial — because what you get from a
commercial instrument is going to be far superior, at least from what

I've seen today, to what | can get either from the electronics shop or
what | can build. (P3)

Here, the scientist assesses the different possibilities and determines, all things considered, the
most beneficial course of action. Similarly, the process of investigating potential suppliers may
lead to a reassessment of the situation.

1t took us quite a bit of time to find this regulator, and | made several

phone calls, and | found out who sells them and how much they cost.

I wasn't sure whether | had that kind of money to spend seven hundred
dollars - for something that we are not going to use frequently. (C2)



As with the process of selecting equipment, the activities around acquiring equipment

reflect a complex interplay of individuals, along with an ongoing process of interpretation.

Eventually we ran into a French piece of equipment that people had been

using in France and they had only sold four of them in North America. It tumed
out one of them had been sold to the person that | worked for as a post-doctoral
fellow who was down in Texas. So, of course, | called him up and said, “Gee,
how is it working?" You know, ali those sorts of questions. And ultimately we
ended up buying one ourselves and so we... that wasn't the whole part, that
was just one little component... my post-doc and | and a couple of my grad
students had sort of hooked up that component to the other components,
rewritten some of the software ourselves, and, we sort of, over the last year |
guess, put it all together. And now we're up and running. So it was a complicated
interpiay of talking to many people, bringing someone into my lab who knew

a fair bit about this, and reading a lot of the literature as well, as to what sort

of different things people were using. (C5)

Here, the acquisition of a piece of equipment can clearly be seen as intersubjective

accomplishment, intricately tied in with a variety of other social processes.

Borrowing Equipment from Others

In some instances, scientists may borrow equipment from colleagues in order to try
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things out prior to making an investment. Even in those instances where scientists eventually

incorporate new equipment into their own operation, these initial stages of research carried out

on borrowed equipment do not merely represent trials or tests. [n other words, scientific research

activities do not begin only after scientists have incorporated equipment into their own setting.

Rather, as can be seen in many of the cases presented throughout this chapter, the achievement

of scientific goals is being carried out on a more or less continuous basis, in response to a

variety of circumstances.

When we first started to do these experiments, we were actually borrowing
equipment for those measurements from the physics department and from
all over, other places, other universities. And now we've built up our own
set up in our own lab to do the measurements here. (C5)

No one in the department had the equipment to make the quality of
electrodes we needed, so what we did was go down to the research
hospital on our bicycles about twice a week, pulling electrodes and then
going back to our lab to use them. (B5)

We're very fortunate to have access to imaging equipment from a colleague
down the hall. We could never afford to get our own, and besides, she does
not use it that often. So, it is very convenient. (B7)
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In certain situations, scientists may borrow a specific component that becomes part of a
larger configuration of equipment.

| needed it (gauge), otherwise a quarter of a million doliar piece of equipment
wouldn’t work. In fact, | didn't buy it because it was expensive, and it toock me
a few days of looking around, wading through all the equipment, and | was
fortunate enough to find one under somebody’s sink in their lab. It was sitting
there for ten years. Nobody used it. (C2)

In this case, a bit of searching around not only saved the scientist a significant outlay of money,

but it had much broader consequences in terms of the overall situation and context within which

the scientist operated.

Borrowing equipment can have significant consequences for the lender as well as the
bomrower, and these issues are taken into account when the decision to borrow or lend is made.

The danger is that, if something goes wrong... Uh, if | iet you drive my car

and something goes wrong, there is always going to be the suspicion that you
were not driving it properly. That's why what happened happened. God forbid
there is an accident, and then you're in trouble. We don't have the money to
buy this instrument, and that’s why you're getting somebody else's, and if it
breaks while you're using it, where are you going to find ten or twenty thousand
doliars to get it fixed. And then the problem gets to be more complicated,
because you are affecting the principal investigator's research, because if his
instrument goes down for two months, and it is your fault, what's going to happen
to his research, and it gets to be more and more complicated. (C2)

As this case illustrates, borrowing equipment can be a high-risk venture from which a variety of
consequences, intended or unintended, may emerge. In all of these cases, however, it is clear
that the accomplishment of science is a collective enterprise, based on a diversity of
relationships and associations.

| went there to do some work that he had very specialized equipment for.

He could do quantitative analysis of our preparation live on video, and with

that record you can get more data in a couple of days to get a handle on —- well,

| was able to eliminate certain ways of doing things as being impractical, or

because they would not give us the information we need. So, | was able to
go back to my lab and not have to worry about specific aspects of the project. (B5)

Accessing Shared Equipment
Sharon Traweek (1988) draws attention to the way in which the high energy physics

community develops around the small number of sites, where the kind of research that they
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engage in can be carried out. A similar situation obtains for observationai astronomers, where a
small number of telescopes and related devices are shared by scientists from many universities
worldwide. in these cases, it is not the equipment itself that scientists acquire, rather it is

“access” to the equipment. Whereas high energy physicists think in terms of “beamtime,” many

astronomers base much of their activity on “observing time.”

| apply for observing time. | fill out a form in which [ describe the science

that is special about the project that | want to do, and | talk about how that
science can't be done without that telescope. | specify the instrument | want

to use. [ specify why that telescope is the telescope of choice, and other things.
So it's like a grant proposal in a sense - it’s like a mini research paper. And,
more often than not, your proposal is with two or three other people. You
submit the proposal. It is refereed, in the same way that a manuscript for
publication is refereed, and the referee evaiuates the science - whether the
science is useful, whether the project is going to be able to accomplish that
science, whether it can be accomplished with that telescope, and whether

your results are realistic. Then, you get a ranking, and depending on what

you are asking for - for instance, if I’'m looking at faint objects, | need to have
time when the moon is not up, {'d like it to be a time of year when the objects
that I'm looking at are up in the middle of the sky, and so they're up for the
longest part of the night. So, that means | have about a week over two or three
or four months, say March through May, for instance. Dark time is what |

would say | want - sometimes. Well that’s galaxy season in another hemisphere,
so that means it's very competitive time. So, sometimes | have a success ratio
of one in three, sometimes one in four. So, when you get that observing time,
you essentially have been given a research grant. (P1)

This complex process closely resembles some the observations made regarding identifying
sources of funding, preparing grant applications, entering partnerships and making adjustments
discussed previously. Here, without going outside the broader community of scientists, we see
evidence of how generic social processes provide a way to explore the range of activities that
occur in different situations and contexts. For example, further exploration of this process could
tell us a great deal about how scientists acquire perspectives, achieve identity, and form and
coordinate associations.

On a smaller scale, access to shared equipment will often reflect some perception of
how individuals fit into the group.

They knew | was qualified to use it, and once they got to know me, they

gave me a key to the electron microscope suite, and | would go down and

sign in for times during the day when it wasn't being used that heavily. (B5)

As with the longer quotation above, this brief observation points to the interpersonal aspect of

accessing equipment, but also leaves us looking for more evidence. While the decision could
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have been taken to leave out a discussion of this subprocess, an important aspect of the present
project is to draw attention to the vast variety of activities that take place in science, while also

highlighting the open-ended nature of this type of inquiry.

Designing and Building

There are occasions in scientific research when the equipment needed for some
procedure is not known to exist, and so scientists decide to design and build such things from
scratch. This process may involve taking several existing pieces of equipment and adapting
them to new applications, or it may involve the “creation” of something totally new. For exampie,
Collins (1992:80-81) describes the attempts by Joseph Weber to build a gravity wave detector by
suspending a rﬁassive aluminum alloy bar on thin wire in a metal vacuum chamber, insulated
with lead and rubber sheets. Similarly, Jed Buchwald (1995b:154) outlines how Heinrich Hertz
“fabricated a clever device” to demonstrate that cathode rays were a very different phenomenon
from what was thought by others working in the same laboratory.

in some instances, this whole process of putting together a piece of apparatus can
consume the majority of the time allotted to some specific course of action.

The experiments and the equipment and so on are things that we have

built ourselves, and therefore, that is to say, we do not use commercial
instrumentation, which you simply install and then turmn on and then put

a sample in. That's, 1 think, a fairly commeon conception of how chemistry
research is done. Somehow, you have an instrument like an NMR (nuclear
magnetic resonance spectrometer), or something, and you put your sample

in, and you measure your spectrum, and then you go away and think about it.
And in our business, the majority of the work — you know 80 or 70% of the work
is building the instrument, because it doesn't exist. That's the point. Once

you build the research equipment, then you use it to measure something. (C7)

In other cases, only a portion of a complex array of equipment will be built to tie into existing

pieces.

In the case we're speaking of, we actually had to build most of the equipment,

in part from scratch. So, we started off on a multi-step route of kind of hooking
together all sorts of bits and pieces, and what helped there was that | hired a
post-doc from France from a group that aiready had a lot of experience in this
area, and so | had a built-in expert in my group to a certain extent who had
aiready been playing with different bits and pieces of this. And even then there
wasn't... it tumed out that for parts of this research there wasn't a lot of equipment
out there in the market, exactly what we wanted. So, he spent a lot of time doing
part of the design work on putting things together the way we wanted them. (C5)



223

The process of putting together these complex composites of equipment may be seen as
resulting from the alignment of various material resources, but the critical process is the aligning
of various human activities (and actors), in such a way as to accomplish specified goals.

As was illustrated in the case of purchasing equipment, in the designing and building of
equipment, there are also opportunities for members of the broader university community to
collaborate in the accomplishment of science.

I have become reasonably proficient with the machines downstairs in

the shops, and when | need to build something | go and built it with the

graduate students. If it is so sophisticated that it is beyond my capabilities,

then | ask the machine shops downstairs to do it, and they are charging us

at a considerably lesser rate, than when you go outside. Outside it is 45

dollars, and inside it is 15 dollars an hour for that kind of work. (P3)

The process of acquiring equipment encompasses a diversity of activities that
demonstrate the ability of human actors to respond to the situations at hand, and collectively
determine courses of action that will help them to accomplish their goals. These activities are
part of the daily practice of science, and may have similarities to activities carried out in many
other aspects of human group life. The skills and knowledge that actors use to carry out these
activities can be considered no more or less scientific, than those associated with any realm of
human endeavor. For example, it would be interesting to observe the activities taking place in a
manufacturing facility, as equipment is purchased, constructed, modified, and/or adapted to

allow the shift from the production of one type of product to another (e.g., from automobiles to

tanks).

Operating Equipment
Even though we have the equipment, it is still slow work. We get four
data points a day if we are lucky and if we aren't we get maybe one or two.
Sometimes a day will go by that no matter what you do, nothing will happen,
and then on other days it alt fits into place. (BS)
How do scientists manage their equipment on a day-to-day basis? The answer to this

question is tied into the processes of selecting and acquiring equipment, but it focuses more

directly on how equipment is utilized in scientific practice. Collins (1992:74) argues that the
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determination by scientists that their equipment is operating correctly is linked directly to the
scientists obtaining the kinds of resuits that they anticipated they would get from the equipment.
in other words, not only is it impossible to separate the equipment being used from the
experimental procedure being performed, but the results of such experiments are directly linked
to the operational parameters of the particular equipment. Our concem is not with the
epistemological issues raised by scientists’ equipment use, but with demonstrating the kinds of
activities that scientists engage in as they work with this equipment to accomplish their goals.

As Nutch (1996) points out, some scientists may have minimal or only indirect contact
with a piece of equipment, but it still may be an integral part of their operation, particularly when
the broader work group is taken into account.

| have a workstation — it’s licensed for 8 users. | use it now and then, but, for me,

| use it primarily for e-mail, although it can do a number of other things. My

graduate students all use it. They write their papers on it. They do their calculations

on it, and it is also connected to the intemnet, of course. (P2)
In other instances, scientists may deal with certain pieces of equipment in a more sustained and
direct manner. The data presented in this section are divided among two subprocesses that
allow us to draw attention to the forms that these daily encounters may take, and to show how

the activities engaged in are collective in nature. The subprocesses are:

Leaming How to Operate Equipment
Maintaining Equipment

Leaming How to Operate Equipment

In some ways the notion of operating equipment on a day-to-day basis does not
accurately represent what takes place in the research setting. As new or improved equipment
becomes available and as personnel changes take place in a particular setting, the operation of
equipment centers around a process of continuous leaming. This learning process may entail a
slight adaptation of skills or knowledge previously leamed, or it may involve a significant shift in
the way that some aspect of doing science is conceptualized.

The microscope | had used before was an English design, and this new one

was Dutch, and it was much easier to use. So, they had to show me that the

knob that | was used to being over here is now over here, and that sort of thing
-- more like an upgrading, than leaming something new. (B5)
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And the language, at least | found, is not too hard to leam. It's all typed

in at an instructional level and text is typed in the way you would on an
ordinary typewriter, but mathematical equations are typed using particular
instructions, and parts of the equations look just the way you would write
them down. Other parts look differently. Now at first it's a bit slow to type

in the equation, but once you've written a paper, often another paper makes
use of equations that are very similar. So, you can start copying and borrowing
and, once you've got enough volume developed, you can write a paper very
rapidly. In addition to this, as you write a paper you can see it evoive on the
printer. (P2)

When | started observing, as a graduate student, | ran the telescope

myself. | moved it around. I pushed buttons. | cut my own piates.

Now, | go down and | sit in the control room. A telescope operator runs

the telescope, and monitors what we're doing with the instrument, because

he knows the instrument better than we do, and it’s almost - not quite - to the
point where | wouldn't really have to go down there anymore. (P1)

Not only do these last two examples represent very different levels of conceptualization, in terms
of equipment and its use, they also illustrate the difference between a very “hands-on” approach
to using equipment and a situation where a more “hands-off” approach is considered to be
appropriate.

In other circumstances, scientists may definitely take this more hands-off approach to
equipment, leaving the day-to-day operation, and the responsibility for passing this information
on, to their students.

For the complicated things, | teach the students how to use it. It's not realily

that complicated, but for things that do need a bit of instruction - especially with

something that involves electronics, or vacuum, and stuff like that - | teach the

students. It doesn't take a heck of a lot of time - a couple of hours basically,

so they understand the principles of the machine - how it reacts. Then, they

have to have experience to be able to see it for themselves. So | don't spend

a heck of a lot of time doing that, because once they leam it, students that | trust,

and there's really quite a few of them, I'll ask them to pass that on to someone

else who's wanting to leam how to use it. | figure they owe me that for having

spent the time with them initially, and it work’s out pretty well. (C3)

While this approach may have a decidedly pedagogical thrust, it also demonstrates how the
various tasks to be performed in accomplishing goals are distributed among the members of a
group in such a way as to maximize the use of resources.

Similarly, in some situations, new techniques that scientists have developed to get the
most out of their instruments may lead to circumstances where direct human involvement at a

certain level may actually impede the performance of some devices.
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Astronomy has a much improved information capability in the last two decades,
primarily because we are able to use improved detectors, CCD (charge-coupled
device) detectors which are practically standard technology. Fifteen years ago
they were extremely difficult things to use. Well you don't even look through the
telescope anymore. My last observing run, | was using a telescope that I've been
using off and on for quite a few years, but they now have done a lot to the dome
enviranment itself, and so the control room is not even near the telescope. It's on
a completely different level, to try to keep the level on which the telescope is as
isolated from man-made influences as possible - heat sources, basically - which
disturb the environment around the telescope. But, we now have this marvelous
ability to get digital information, digital images. (P1)

This seeming non-involvement in the operation of equipment is also something that has to be
leamed and understood in the context of the overall conception of what constitutes research in
this particular area of science.

There are occasions where the best way to conceptualize operating equipment may be in
terms of what the equipment can and is doing for the scientist.

The new program that | was talking about has a variety of capabilities,

but one of the things that it does that is going to make life so much easier
for all of us is - normally, | would take this and | would do the photometry

for this picture. Then, | have say three different pictures of this field with
three different filters, and then | would have to mesh these data sets, so
that | can inter-compare the brightness in one filter with the brightness in
another, but all they are are numbers and coordinates. Then, | have to
blend those data sets together. The way the system is working now, |

have to do that myself. This program will allow you to pick a primary

frame which defines the coordinates, so that every other frame you

use will have the same coordinates, and then it will allow you to mesh

the data much more easily, much more fiuidly, and with a higher confidence
that you're not matching two spurious objects to each other, and thinking
you really havent. So, it will help with the ease of operation, but it will also
help with confidence on marginal detections, which is often where the exciting
stuff is. You're always working to the limit of your instrument. So, we'll
have better confidence with marginal detections, and we’'ll know that
something was legitimately detected on this frame or this frame, but not

on this one, because the system was looking for it in that location. It

knew where to look and didn't find it, as opposed to doing it and then

looking afterwards to see if it's there. | know people who have used this

so far, and it's designed to allow us to do multiple - we'll have ten to fifteen
exposures - ram them in and it just goes. So, it's much much easier, and
the results will be a much higher level of confidence. But, there is something
else. First of all, it takes a lot of disc space - you have to have all of these
frames stored on your disc, and you have to have room for the intermediate
stages in the process - a lot to be stored on a disc. So, even if somebody
had developed the program five years ago, most people wouldn't have had
the disc space on their computers to use it. (P1)

Here, the process of operating equipment is tied into broader notions of how a specific type of

research is carried out. What may appear at first to be purely technical improvements are
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hinged- upon the understanding of a community of scientists, who integrate not only the results
but all of the details of the process into their research activities. This case also illustrates how
changes in one aspect of carrying out science influence and build upon changes in related
aspects. Again, this points to the idea of a continuous learning environment around the

operation of equipment.

Maintaining Equipment

Another way to look at how scientists manage equipment is with respect to the
maintenance of that equipment. On occasion equipment may break or stop working. Some-
times it may require realignment or recalibration in order to keep operating according to
specifications set by the manufacturer or the user. In any of these situations, scientists have a
number of options, the most immediate of which may be to call in outside assistance, but they
also may choose to do it themselves. Either way, a number of issues will be brought to bear in
determining which course of action to take. So, for example,

My technician takes care of the equipment. He's leamed to do those things

over the years. | never touch it, and the students, particularly at the master’s

level, are here for too short of a time to be bothered fooling around with that. (B7)
In some cases, every aspect of the maintenance process will be taken care of “automatically” by
someone eise in a way that allows the users to carry on with their work unhindered by these
concems.

With a workstation, you need licensing from the company, and that connects

you to a group of people who are on the campus, that service the machine,

and install and upgrade the software. (P2)

It's really important to understand who’s running these telescopes and how

they’re running it, and see what they're doing. Now, generally my experience

is that these places are run extremely well, with less resources than they shouid

have, of course, but the people who are working at these places are extremely

skilled and quite committed, and they work very hard to make it possible for the

rest of us to come there for a three or four night run, and get something out of it. (P1)
in both of these cases, maintenance issues may not be taken into account as regularly as when
these kinds of arrangements do not exist.

Some scientists indicate that they will attempt to fix some things, where they feel that

their knowledge or skills are adequate to the task.
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As far as the maintenance goes, I'm not an electronics person so, if
something goes wrong electronically, | will try to troubleshoot it as much
as I can, given what | know about these things and what | can read in the
manual, and then | take it over to an electronics shop and have somebody

over there tell me what’s wrong with it. (G2)

As far as regular maintenance goes, | do some of the minor stuff like
changing bulbs and other things - aligning equipment, but when it comes

to taking something totally apart, and then having to reassemble it; it's far
more effective cost-wise for me to call in a professional to do it. If | have
to spend a day taking apart a microscope and a professional could take it
apart in three hours, and it costs me $200, that's a far more effective use
of the $200 than having me sort of fooling around for a whoie day, when I'm
not even sure that | can reassemble it. (G3)

In both of these cases, the scientists will carry out maintenance activities to a certain point
before enlisting the help of others. In the first case, the shift is made when the scientist
determines that the limit of his own expertise has been reached. In the second case, the
scientist assesses the situation more in terms of the allocation of resources. These two
conditions are not necessarily mutuaily exclusive, but they do help to emphasize the array of
possible interpretations that arise out of day-to-day activities in scientific practice.

In some situations, maintenance activities may be reduced to that of replacement.
When something breaks, it is replaced, and minimal time is consumed trying to determine what

may be wrong or how something may be fixed.

I don't have to worry about efectronics wearing out, and having to get
expensive parts for electronics. These things are very simple. There are

a couple of electronic things in there that will ear out, but they’re affordable.
Uh, by affordable, | mean you can replace things for $1,000 or $2,000...
that’s in the reaim of affordability. Probably, it’s not that tough to dig up
$1,000 or $2,000. it would be tough to get $100,000 for much more
sophisticated electronics. (G3)

Here, the scientist is aware of the order of magnitude of the problem that may arise if something

goes wrong, and this understanding is taken into account in the day-to-day operation of the

scientist’'s work.

Scientists may also invest a limited amount of time in investigating a problem to

establish what might be involved in repairing a piece of equipment.

I've taken apart a camera on one of my microscopes. The camera cost
$1,000, but | figured there's screws here, and I've got a screwdriver that fits,
and let me see what it does. So, | took it apart and | moved a few things
around, and it started working again. | would have been charged a service
call for that, and it just turmns out that it was one of those crazy little things
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that happens with mechanical motors — sometimes they just - they don't
move, something jams them - a piece of dust or something. So, you
develop a little bit of confidence, and a little bit of cockiness. It can
possibly backfire. So far, it has worked. | like tinkering with things anyhow,
so | guess that’s part of my nature, although | probably wouldn't let a grad
student do that, unless | knew that they had some mechanical aptitude. (G3)

In this case, the consequences of exploration were positive, saving time and money. As
indicated, in other situations, scientists may be reluctant to trust others to carry out such

operations.
Part of the daily operation of equipment is tied in with following prescribed practices and

ways of using particular devices. Any deviation from this normal mode of operation may lead to

problems.

With proper care, I'll probably see it a couple of decades from now.

This equipment is all hard mechanical metal, plastic, and glass parts,

and so it will last a long time. And, you know, graduate students misuse it,
tumn it at the bottom with their hands, when they should be using a pliers to
do it. | chew them out a little bit, and | say, “Look, you know this is not how
you treat these things.” In a nice way; | don't want them to think I'm an idiot.

| say, “Look, this is the way | prefer to see it done.” And, they're all amenable
to keeping me on their side. (G3)

Thus, the concept of maintenance may be seen as synonymous with notions of proper and
appropriate use. Yet, this aspect of managing equipment is just one part of the overall course of
events in the research setting. The ways in which members of the group respond to objects in
their environment are established and maintained through ongoing interaction and interpretation,
and sometimes inappropriate behavior can lead to serious problems.

If you start fiddling around with things, they do break, and this is what
happened with one of our spectrometers. You go back and trace the
problem one step at a time and in trying to fix a problem you may create
another one in the process, and those things do happen. They have
happened befare and it’s not a question of slowing up your work, it is

part of what happens. We had a problem with one of our spectrometers,
with one of the cables. We ran out of space to get around the instrument.
You had to almost lean against the instrument and as somebody was
pushing against it, he pulled out one of the cables, but it was not puiled

out all the way. It was partially pulled out, and it was not making contact

at all. So, all of a sudden, the instrument is down and it’s dead and we
cannot take measurements, we cannot do anything, and it was just something
as simple as that. We took the instrument apart and there just didn't seem to
be anything wrong, until we started making serious measurements, building
other test equipment, only to find out that inside the cable, there was a
connector that was puiled back because somebody was trying to get around
the instrument, and they just pulled it out. But there was two weeks of
instrument time, and a lot of aggravation, and a lot of my time trying to
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- chase the problem down. And now it is not giving the performance it used to.

So, we have to go all the way back and realign and retest and find out why. (C3)

There are some instances where the process of trying to get the most out of a piece of
equipment can lead to a reconceptualization of the design and manufacture of the instrument.

Now, you can't believe the amount of time that was spent. We had to

go and get — the way we got around it was funny. You see, a lot of people

- not only us, but other people — have had problems with argon and krypton

lasers from various companies. So, we put it on the (inter)net that we had

these problems, and so the company got a hold of it and they were upset.

So, they sent us the schematic. For some reason that they thought was

important, they had built a magnetic field inside it — the whole beam was

in a magnetic field. And, they said that they were doing that because it

will boost the intensity of the beam. We just turned it off, and we saw no

loss in intensity, and the modulation dropped to reasonable levels. But,

while we were in there, we said that the other thing that causes the modulation

in these systems is that they use an ac (altemnating current) filament. So, we

switched it from an ac to a dc (direct current) — we had to build another power

supply, but now we have no modulation whatsoever. It works quite well. (P3)

Here, the effort to rectify an equipment problem led to collective action involving not just the
user and the manufacturer of the equipment, but members of the broader community of users of
such devices. The “solution” to the problem was arrived at through intersubjective processes of
interaction and interpretation that arose out of the attempt to accomplish certain goals. None of
this may appear controversial or out of the ordinary, and part of the point being made here is that
it is not. Rather, | have been drawing attention to these mundane and common sense elements
of the scientific enterprise because they have iargely been ignored by other researchers, but that
is not the only reason. If we are genuinely interested in knowing what goes on in science, and in
determining how the activities of scientists compare with what takes place in other human
groups, then the details of these everyday activities need to be documented.

The whole area of operating equipment, both in terms of regular day-to-day operation
and maintenance, can be seen to reflect the very human nature of the scientific enterprise. The
environment of scientific practice is not constructed solely out of the materials and machines that
take up physical space in the research setting. Rather, scientiﬁc practice emerges out of the
ways that scientists interpret these objects, and communicate their interpretations to others

through ongoing symbolic interaction.
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Discussion

As with the preceding chapter on pursuing funding, the present chapter draws attention
to a neglected aspect of the scientific enterprise and provides details of the mundane and
everyday activities that scientists engage in associated with it. In dealing with scientists’ use of
equipment, a number of studies have emphasized the link between science and technology (see
Latour, 1987; Giere, 1993), while others have focused on the role of instruments and equipment
in scientific experiments (see Gooding, Pinch, and Schaffer, 1989; Galison and Hevly, 1992;
Buchwald, 1995a). What has generally been missing from these studies is evidence of how
practicing scientists deal with these objects in the here and now. In order to assess how the
material presented in this chapter contributes to our understanding of the daily practice of
science, it will be helpful to return to three of the issues introduced at the outset, namely, the link
between technology and science, the notion of a black box, and the idea of non-human agency.

As discussed in Chapter 4, Bruno Latour (1987) collapses science and technology into
what he calls technoscience, arguing that scientists make the distinction between science and
technology as part of a rhetorical strategy to establish and maintain occupational boundaries and
control the allocation of resources. The material presented in this chapter lends support to
Latour’s argument on at least two counts, but a more nuanced conception of the term
technoscience is required. First, the way in which the distinction between science and
technology is used to differentiate between the work carried out by scientists and that carried out
by technicians varies on a practical, and not just a rhetorical, level. Second, particular situations
and contexts of scientific practice differ with respect to how much and what kind of technology, if
any, is employed. Therefore, to present a monolithic conception of technoscience distorts what
actually takes place in the day-to-day practice of science. At the same time, however, the term
is useful because it may not be possible on the basis of practice alone for scientists or those that
study science to differentiate in an absolute sense between science and technology.

In their study of technicians in scientific [aboratories, Barley and Bechky (1984)
demonstrate how the work that technicians carry out helps to make the work of scientists more

manageable. In other words, scientists can concentrate on what some might consider the more
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“scientific” aspects of research, while the technicians take care of the mundane, routine, and
well-established elements of the work of the laboratory. However, as the data presented here
indicate, there are a number of similarities and a great deal of overlap inthe activities carried out
by scientists and by technicians. For example, members of both groups establish preferred
routines with respect to the regular operation of equipment, and members of both groups engage
in troubleshooting when equipment is not operating as expected. Also, the criteria used to
determine when to turn a particular task over to a technician, or to a scientist, appear to vary with
the situation and the context. As a result, there is no way for us to determine in an absolute or
objective manner when an activity is “merely” technical or when it can be considered scientific.
A more detailed comparison of the activities of these two groups will not enly provide us with a
more comprehensive understanding of how science is accomplished on adaily basis, it will help
us to understand more fully the ways in which the identities of scientists and technicians are
constructed.

The data also show that, while some scientists employ elaborate and expensive
equipment in their research, others carry out what might be considered very low technology
research. We cannot, however, assume from this distinction that high technology science is
somehow “more” or “less” scientific than low technology science. What we can point out is that
the daily routines of scientists differ markedly depending on the amount and complexity of
technology that they use in carrying out their research. Similarly, the more generic and process-
oriented approach used here allows us to demonstrate how equipment-related activities are tied
in with activities around pursuing funding, covered in the previous chapter, and aiso with the
broader range of activities, such as getting ideas and assessing feasibility, covered in Chapter 6.
Further, we can see from the data that technology may impact one portion of the scientists' work
and not others. This is particularly the case with computer technology. As one scientist
indicated, computers have facilitated the way in which calculations are carmied out, papers are
written, and scientific information is disseminated. Technically mediated changes in the ways

that these activities are carried out mean that scientists are in a position to alter their
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interpretation of these activities, and potentially alter the way they carmry out many other aspects
of their work on a day-to-day basis. This issue remains to be explored.

Tuming now to the notion of the black box, Latour (1987) indicates that there are two
critical features of these devices. First, they produce a predictable and consistent output from a
given input, and second their intemal workings are taken for granted or considered to be
unproblematic by the broader community of scientists. [n their study of the plasmid prep, Jordan
and Lynch (1992) call these assumptions into question and posit the notion of a “translucent
box,” in order to emphasize both the socially constructed and dynamic nature of the devices that
are labeled this way. The data presented here support the idea that the predictability and
consistency of operation associated with these devices varies directly with the level of
understanding of these objects possessed by the scientists who employ them. [n one case, a
scientist recruited a post-doc from another country because of his familiarity with a particular
piece of equipment. As argued by Collins (1992), the ability to construct, operate, and maintain
scientific equipment depends on the tacit knowledge of its users, which they can only acquire
through direct contact with other scientists. Similarly, both the physical make-up of equipment
and the uses to which it is put are undergoing changes on a regular basis as individuals gain
more experience with it, and as others enter or leave the research group. Thus, a more accurate
conception of a black box is to think of it not just in terms of its role as one piece in a larger
epistemological puzzle, but rather in terms of its more nuanced real role in the daily practice of
science. Through processes of interaction and interpretation, scientists respond to these black
boxes within the situation and context that they find themselves in, and that are subject to
constant change. Rather than being focal points of “forgetting,” equipment often serves, for the
scientists, as a focal point of awareness, of “reminding” them that scientific knowledge is
constructed, negotiated, and so on. As Dolby (1996:42) argues, “a perception, like seeing an
instrumental reading of '167.39’, gains its significance in the context of understanding the
instrument used in context.”

The third issue that concems us is the debate over non-human agency, or, as it is often

presented, the debate over whether to treat humans and non-humans (machines, animals, and
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so on) symmetrically with respect to the production of scientific knowledge. As has been argued
throughout, a symbolic interactionist approach to the study of science is opposed to any notion of
non-human agency, and | do not limit the goal of scientific activity to the production of
knowledge. The data presented in this chapter demonstrate the intersubjective accomplishment
of daily practice, as scientists encounter the recalcitrance and obdurateness of material objects
in their environments. In contrast to actor-network approaches to science that advocate treating
human and non-human agency symmetrically the present project emphasizes that what is
important to observe is how scientists take these objects into account. As the observations on
selecting, acquiring, and operating equipment show, activities are carried out collectively in ways
that reflect what the objects mean to the scientists. To state the point another way, we are not
interested in what equipment does but rather with what scientists do with it in practice. A
symbolic interactionist approach to science focuses on the emergent and processual aspects of
the enterprise, and that is why | have been describing science as what scientists do. The
intention in this is not to be overly simplistic or solipsistic, but rather to provide a mechanism that
allows us to step away from some of the other approaches to science studies discussed
throughout this work, to get at the day-to-day practice of science more directly.
The following list of activities reflects one way to frame this aspect of the scientific
enterprise in order to facilitate analysis and communication.
Selecting Equipment
Adhering to Standards
Working within Limitations
Leaming from Others
Acquiring Equipment
Purchasing Commercial Equipment
Borrowing Equipment from Others
Accessing Shared Equipment
Designing and Building
Operating Equipment
Leaming How to Operate Equipment
Maintaining Equipment
These categories help to emphasize the observation that science involves far more than just
carrying out experiments. The steps that lead up to experimentation, particularly with respect to
constructing the apparatus through which experiments will be carried out, are just as intrinsically

a part of science as the experimental events themselves.
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In order to illustrate how some of the processes just listed may resemble what goes on in
other areas of human endeavor, | first want to tum to a study of sex workers carried out by Lisa
Jean Moore (1997). Moore interviewed seventeen women and two men, who “exchange(d)
sexual services for economic compensation,” and who employed various “technologies” to avoid
contracting disease. As with the scientists interviewed for the present study, the sex workers
described a variety of activities that they engaged in with respect to the selection, acquisition,
and operation of a number of devices that were an integral part of their daily work. The “tools”™
they used included male and femaile condoms, latex gloves, dental dams, and plastic wrap, and
the uses to which these devices were put varied with the imagination, confidence, attitude, and
experience of the worker and the client. in other words, the meanings of these devices arose out
of the processes of interaction and interpretation engaged in by the parties involved in particular
situations and contexts. Just as scientists attempted to gain consistency and predictability of
operation of equipment by adhering to standards, sex workers reported that they sometimes
contact the CDC (Centers for Disease Control) for the latest test results with respect to the safety
of the devices they use and practices they engage in. Unlike some scientists, sex workers are
not likely to design and build their own equipment, however, they do adapt products designed for
seemingly unrelated applications (e.g., dental dams) to their own needs. With respect to
purchasing commercial “off-the-shelf” equipment, one sex worker indicated that it made sense to
him to purchase condoms by the thousand, for eighty-eight dollars, plus shipping and handling.
Another indicated that she had a preferred supplier who would ensure that her favorite brand was
always available in the quantities she required. While an outsider may view the male condom,
for example, as a black box with rather limited and predictable operational parameters, the sex
workers indicated that the efficient and effective use of this device was highly dependent on their
ability, acquired mainly through experience, to respond to such factors as differences in male
anatomy, the nature of the particular sex act to be performed, and the experience ievel of the
client. Here again the evidence indicates that a more useful conceptualization of the equipment
used by members of various groups to achieve their goals is with respect to the meanings that

are attributed to these objects in practice, and not with respect to the objects themselves.
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As with the detectors employed by the high-energy physicists (Traweek, 1988), Woilf
(1991) points out that motorcycles act as “subcultural identity markers” for the biker gangs that
ride them. That is, by leaming from others and adhering to standards, scientists and bikers are
not only selecting equipment they are engaging in the construction and maintenance of the
perspectives and identities of the groups of which they are a part. For example, Wolf (1991:13)
indicates that when he was trying to make contact with a gang, a group of bikers toid him that in
order to be taken seriously, he would have to get rid of his Norton (a British made motorcycle)
and get a “real” bike (a Harley-Davidson). Just as scientists and sex workers look for specific
characteristics when selecting equipment, even seemingly simple off-the-shelf items, bikers are
faced with a number of options when selecting a Harley-Davidson. For example, “hogs” (the
bikers’ term of endearment for their machines) come in many models, including panheads (the
engine block design common from 1948 to 1965) and shovelheads (1963 to 1984), each with its
own performance strengths and limitations.

As is the case with scientific equipment, acquiring a bike involves more than just the
direct purchase of a motorcycie from the appropriate manufacturer, usually through a dealer.
Rather, the acquisition process involves a number of steps through which individual bikers
customize their machines to reftect their own identity. In many cases, bikers will purchase one or
more old bikes that are no longer road worthy, or they may literally build a bike from the ground
up, one piece at a time. Bikers refer to the process of customizing a bike as “chopping,” hence
the term “chopper” used to describe a bike that has been stripped of all accessories and non-
essential parts, had its front end extended, and received custom body work and painting. The
precise modifications that are made will reflect the economic resources of the individual, the
personal style of that individual, and the application for which the bike is being built. These
activities directly parailel the ways that scientists, purchase, borrow, design and build the
experimental set-ups that they use to carry out their research, and establish their individual place
within the community of scientists.

Just as scientists cannot carry out their work if their equipment is not operating correctly,

bikers are unable to ride if their machines break down. These interruptions in daily practice can
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have serious consequences for members of both groups. When bikers cannot ride, they risk
losing membership in their club. When scientists cannot carry out the experiments and
procedures that are part of their work, their careers may be aitered in ways that are contrary to
their goals and aspirations. Both bikers and scientists may “tinker” (see, Knom-Cetina, 1979) with
their machines themselves, they may call upon colleagues for help, or they may leave the
problem to specially trained technicians. Just as the lives of high-energy physicists are tied into
the “beamtime” they can acquire, bikers “live to ride and ride to live” (Wolf, 1991:43). For the
physicists, their detectors must be ready to go when the “precious allotment” (Traweek, 1988:49)
of beamtime comes available, while for the bikers, as one set of club by-laws indicates, “all bikes
must be on the road by April 30™ (Wolf, 1991:358). The point to be made here, however, is that
it is the processes of social interaction and interpretation, precipitated by dealing with machines,
that constitute the members' identities and accomplishments.

The activities outlined in this chapter also provide a basis for studying a variety of other
groups that we may associate with a reliance on equipment or speciai facilities. For example, it
would be interesting to study a rock band on the road, the efforts to mobilize a major military
support mission, or the running of the surgical and diagnostic departments of a hospital. More
specifically, when a new diagnostic procedure (e.g., MRI - magnetic resonance imaging) which
involves an elaborate piece of equipment is introduced into a hospital setting, we are presented
with an opportunity to examine the dynamics of the relationships among, administrators, doctors,
nurses, technicians, custodial staff, and patients, as they take the operation and maintenance of
the new device into account in their daily lives. Regardiess of the specific focus, a symbolic
interactionist perspective and the empioyment of the generic social process scheme allow us to
obtain the maximum benefit from such studies, and thereby gain greater insight into the nature

of human group life, in this case, as universally conditioned by our interactions with machines.
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Chapter Nine

EVALUATION AND IMPLICATIONS

Throughout this work, | have repeatedly argued that what goes on in science on a day-to-
day basis is best viewed as arising out of the intersubjective accomplishment of practicing
scientists, as they endeavor to achieve the goals that they have set for themselves. In support
of this contention, | have provided several examples of scientists’ own descriptions of their
activities in the here and now, without trying to ground these obsewationé in the context of some
preconceived historical, philosophical, or scientific goal. Rather, the observations have been
contextualized within an emergent and flexible heuristic framework that aids the communication
and interpretation of empirical evidence through the development of generic social processes.

The notion of intersubjective accomplishment implies that the performance of activities
and the achievement of goals cannot be viewed as either a wholly subjective or objective
phenomenon. Rather, human achievement is collective, arising out of the processes of
interaction and interpretation in which people continually engage. This conception of social
enterprise obtains for all realms of human group life, including science. Thus, for certain
purposes, the study of the scientific enterprise will resemble the study of any other aspect of
human activity. What differentiates one study from another are the particular circumstances that
the researcher encounters in the specific context and situation being observed.

In the second chapter, | introduced the problem of trying to differentiate between science
and non-science (the so-called demarcation problem). The present study supports the notion
that there is no one way to conceive of science and consequently there is no one way to study
science. The choice was made to conceive of science in operational terms, as what scientists
do. In other words, science is made up of the everyday practical activities in which scientists
engage. Coupled with this conception of science, | advocated an altemate approach to studying
science that | described as a social study of science. That is, this study was based on the idea
that science must be examined within the specific contexts and situations in which it takes place,

it must include practicing scientists as research subjects, and it must not assume that the only
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goal of scientific activity is the pursuit of truth. Other approaches to the study of science may
conceive of things differently, but the choices made here were made in support of a symbolic
interactionist approach to science, that woulid respect the human nature of the scientific
enterprise.

Tuming now to the three specific goals of this project, the first goal was to establish the
basis for a symbolic interactionist approach to science by demonstrating what such an approach
would entail. The most significant aspect of this approach is the notion that people act toward
the objects they encounter in everyday life on the basis of the meanings that those objects have
for them. For instance, in response to receiving fewer dollars of government funding than had
been appilied for, one chemist commented that other sources would have to be sought, while a
bioleogist indicated that the original plan for spending the money would have to be altered. That
is, the same event (a funding cut) evokes similar but different adaptive responses. Until we
have documented many of these altemative courses of action, we cannot really claim to know
enough about how science is actually carried out on a daily basis. Much of what goes on in
science reflects a pragmatic response to particular sets of circumstances. Thus, one geologist
indicated that, for simple mechanical problems, he was willing to service his own equipment, but
for complex electronic problems he would call in someone with the appropriate expertise. Of
equal importance is the notion that meanings emerge and change through ongoing processes of
interaction and interpretation. One geologist indicated that in response to the expectations of
funding agencies, the decision was eventually taken to drop out of the competition altogether,
and operate on a limited budget, rather than spend one-third of his time looking for money. By
incorporating the generic social process scheme, researchers have a mechanism which allows
them not just to carry out fieldwork within an interactionist perspective, but it also provides them
with a way to communicate their findings in an effective and efficient manner. This benefits all
those who may be interested in the results of such research and especially those who might wish

to incorporate some element of the findings into their own research projects, in or outside of the

sociology of science.
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The second goal of this study was to carry out a fieldwork project that would demonstrate
the instructive quality of the symbolic interactionist approach for the study of science. Chapter 6
presented a brief survey of the diversity of activities that academic research scientists engage in
on a daily basis. This presentation was organized around the generic social process of
“performing activities,” in order to provide a framework for analysis and communication, and,
based on initial findings, this process was further divided into a number of subprocesses that
reflect in more detail the cycle of activities that constitute science, namely, getting ideas,
assessing feasibility, getting prepared, implementing plans, obtaining results, and disseminating
results. While this scheme might appear to impose a certain linearity or inherent logic to
scientific practice, this is solely for the benefit of those studying science. The point of this
scheme is to emphasize the fact that scientific practice takes place in time, that is, it is emergent
rather that static. Furthermore, it emphasizes the fact that it is the process of science and not
the products of science that provide the greatest insight into what science is. Among the reasons
for this is the observation that many details of what takes place in science are “forgotten” when it
comes to writing up work for publi_cation. It is also important to recognize that scientists may be
involved in any or ail of these activities simultaneously. Finally, the set of processes outlined
here is not the only such framework that would be consistent with a symbolic interactionist
approach to science. Some other set of processes, reflecting a different experience in the
research process, may be just as valid.

Generally, the data presented in Chapter 6 demonstrate the contingent and pragmatic
nature of scientific activity that does not readily emerge when science is approached from some
predetermined or teleological perspective. While many historical, philosophical, and sociological
approaches to science may provide accurate portrayals of what goes on in science, some studies
of science have demonstrated a mismatch between various ideological conceptions of science,
whether historical, philosophical, or sociological, and what actually takes place in science. The
distinct merit of the symbolic interactionist approach in this regard is that, by eschewing a priorf
assumptions and concentrating on process, a naturalistic picture of science is allowed to emerge

that may [ook very different from our expectations or from what scientists or others might want
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us to believe. Once the picture emerges, the symbolic interactionist does not have to waste time
modifying assumptions, looking for alternate explanations, or blaming the respondents, i.e.,
rewriting history or engaging in philosophicai speculation. The social order that manifests itself
does so because it is an intersubjective accomplishment of those engaged in achieving goals
within a particular life-world. What the data in this chapter point to is an order comprised of such
a diversity of activities, that more narrowly-defined conceptions of science, i.e., as method,
would dismiss the vast majority of what goes on in the scientific enterprise. To then argue that
scientists only get to “do science” a small portion of their time would be to miss and misrepresent
the way that science is carried out. The symbolic interactionist approach, more so than any
other, allows us to explore in a balanced and open manner this broader conception of the
scientific enterprise.

Similarly, the data illustrate the messiness and ambiguity of daily practice, the constant
uncertainty (change) that scientists deal with, and the way in which decisions on how to proceed
emerge out of social interaction and interpretation. By focusing on how scientists spend their
time, those that study science can gain a better understanding of how scientists resemble
members of other social groups, for certainly all aspects of social life are messy and ambiguous
in some ways. However, when more sustained attention has been paid to the kind of exploration
advocated here, we might be in a position to indicate with some degree of confidence those
activities that differentiate science from other forms of collective behavior. At the same time, it
is consistent with this approach to expect, that some of those elements that are distinct to
science today may not be distinct to science at some future time, nor may they have been
distinct to science at some time in the past. As with Fleck’s notion of the passive elements of
science, even those aspects of science that certain generations of scientists treat as firmly
established, or given, are still subject to change.

At several points throughout this study, | have indicated that many of those who started
out to explore science in the field have since turned to historical and philosophical studies, either
as a way to explain the problems they uncovered in their fieldwork, or because they could see no

clear reason for returning to the field. As has been just argued the symbolic interactionist
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approach, not only demonstrates the value of doing more fieldwork, it provides a suitable method
for carrying it out. The data in Chapter 6 illustrate the tremendous potential for more sustained
research into any and all of the activities and processes identified. For example, with the
process of getting prepared, it would be interesting to investigate in greater detail how scientists
leam new technologies and/or techniques that can be used te further their research objectives.
Similarly, with respect to the actual implementation of research plans, it wouid be valuable to
examine more closely the actual, and not just the assumed, data collection activities of
scientists. By taking an interactionist approach to such studies, researchers will be providing us
with a greater understanding of science and every aspect of human group life.

The third goal was to present data on some aspects of the scientific enterprise that have
not received adequate attention, and two such areas were covered, namely, pursuing funding
(Chapter 7), and managing equipment (Chapter 8). Each of these chapters amounts to a self-
contained exploration of one aspect of scientific practice. [n each case, the data reinforce a
conception of science as intersubjective accomplishment, and we gain new insights into the ways
in which scientists deal with these issues on a day-to-day basis. Chapter 7 iliustrates the ways
that scientists identify sources of funding, apply for funding, seek out atternate sources of
funding, market materials and services, and make adjustments based on their success in
acquiring funding. The data also provide confirmation and elaboration of a number of
observations regarding funding made in other studies of science. First, the process of pursuing
funding is pluralistic, not just in the sense that scientists seek funds from multiple sources, but
also from the point of view that scientists take into account the diversity of perspectives and
objectives that these different sources represent and respond accordingly. Second, funding
sources differ with respect to whether they fund specific people, projects, or probiems. Scientists
take these differences into account when determining what research path to follow, how to
present it, and which possible source to present it to. Third, there is often a knowledge gap, both
with respect to the scientific content of proposed research and regarding the workings of some
particular agency, between scientists and those that evaluate their proposals for funding.

Further, the data suggest that it may make more sense o speak of the intersubjective
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accomplishment of science, rather than the social construction of science. Part of the reason for
this is that the use of the word “sogial” maintains the fundamental asymmetry between the
cognitive and social elements of science that was assumed by many of those who studied
science, but which the evidence does not support. Further, the word “construction,” or some
variation on it, has not only been subject to numerous interpretations, it has come to be a sort of
pejorative collective term for a variety of what some consider to be anti-science initiatives (see
the discussion of the so-called “science wars” that follows). Chapter 8 documents how scientists
design, build, operate, and maintain the equipment that they use to probe and analyze the
objects they select to study. The data also provide a basis for a reconceptualization of a number
of notions commonly employed in science studies. First, the data point to the importance of
maintaining and exploring further the distinction made in practice between science and
technology. Second, they suggest that the notion of a black box is more accurately conceived as
a matrix of meanings associated with an object, rather than with the object itself. Third, the
evidence indicates that the notion of non-human agency is an unnecessary and distorting
construct that serves to deflect attention away from the sustained examination of how the
meanings that scientists attribute to objects emerge as they go about accomplishing their goals.

White | would contend that this project has met the three goals that acted as starting
points for my research, | would also contend that the project is a long way from complete. An
interactionist approach to science, or any other realm of human group life, is by definition open-
ended, and any notion of completeness is both naive and inconsistent with this approach. Just
as scientific practice is seen to emerge out of the day-to-day activities of its practitioners, a
genuine social study of science is an ongoing process. Definitive statements about the nature of
science are antithetical to an interactionist perspective, and thus researchers must guard against
any temptation to engage in reductionism, not only with respect to the area of research, but also
with respect to the application of a research tool like the generic social process scheme.

At several points throughout this study lists of generic social processes are presented
through which the activities of scientists are illustrated. The purpose of these lists is to provide

for conceptual development, when comparing what takes place in different situations and
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contexts, and for ease of communication about the findings that emerge within the setting. At no
time, should the researcher, or anyone reading the results, assume that these processes
describe exactly what happens in science in any comprehensive manner, or that everything that
takes place in science can be fit into these processes. The generic social process scheme is a
heuristic device and not some kind of positivistic typology of scientific practice. The scheme is
used to get at the daily activity of human groups, and many altemate sets of processes may be
just as effective for drawing out these details. The specific set of processes used in this project
reflect my interpretation of the original scheme as it was laid out by Robert Prus (1987, 1996)
and of the activities that were described to me by the scientists interviewed for this study.

One of the primary advantages of the GSP scheme is that it allows the researcher to
highlight the specifics of some situation or other, without sacrificing the ability to compare these
findings to what takes place elsewhere. In this sense, there is good reason to maintain the basic
outline as provided by Prus. At the same time, however, the present project illustrates how even
within one subprocess there is literally no limit to the further delineations that can evolve out of
the effort to describe social life. Qne potential drawback with the GSP scheme, then, is that
researchers may engage in the endless proliferation of processes, as a substantial sociological
project in itself. Another potential problem is that, as more researchers attempt to use this
approach, too much effort might be expended in trying to determine which set of processes best
fits the data. An even greater threat is that researchers will waste time arguing over which
particular set of processes is superior, with no recourse to what actually takes place in daily life.
As has already been stated, dogmatism and rigid typologies will not further our understanding of
science or any other aspect of human group life. The point of a generic social process scheme
is to allow the researcher to get a hold on some aspect of human group life, in a way that
facilitates communication across substantive concems.

Many of the scholars whose works have been examined in the preceding chapters have
indicated that in order for the sociology of science to emerge as a significant area of research
within sociology, and within the broader range of historical, philosophical, and social studies of

science, more fieldwork needs to be done. | would agree with this, but | would contend that no
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amount of fieldwork is going to contribute to our understanding of science if there is no effective
way of incorporating the findings of such research projects into a broader, more comprehensive
plan for studying science. A symbolic interactionist approach to science that makes use of the
generic social process scheme is capable of sustaining continued and complementary field
studies of all aspects of science, as well as other areas of human group life. For instance, what
we leam about assessing the feasibility of possible courses of action from scientists might help
us to understand how symphony orchestras plan their concert season, or how service clubs
determine in what ways they will be able to heip the communities they serve.

Perhaps the most obvious place to start, in terms of continuing the research begun in
this study, would be to expand the sample in terms of numbers and amount of coverage. That
is, the sample could be numerically expanded to include other biologists, chemists, geologists,
and physicists from the same institutions, or from other locations. At the same time, members of
other scientific groups (e.g., pharmacologists and psychologists) could be included, along with
technicians, post-doctoral researchers and graduate students. As a next step, directors of
research in industry and institutions of higher leaming, board members of various granting
agencies, and bureaucrats in government departments that deal with science policy or funding
issues could be added. Even staying with the existing sample group, the amount of coverage
could be expanded by spending more time with some or all of these individuals to leam more
about the activities discussed here, or to investigate other issues. One interesting possibility for
further research that moves away from a strict focus on science would be to take a single
process or activity and look for evidence of this activity in a number of different human groups.
This kind of study would allow social researchers to develop a more general appreciation of the
intersubjective accomplishment of human goals, and would demonstrate more broadly how

researchers with diverse interests could contribute to the accomplishment of each other’s goais.

The Science Wars
A recent conflict arising from the social study of science dispiays graphically the urgency

of adopting the approach to the sociology of science advocated in this project. In recent years,
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the so-called “science wars” have broken out in some scholarly journals, the popular press, and
at numerous conferences around the world. Nick Jardine and Marina Frasca-Spada (1997:219)
trace the origin of these wars to three related events. First, biologist Paul Gross and
mathematician Norman Levitt published the book Higher Superstition (1994), accusing an
“academic left,” made up of postmodemists, feminists, multiculturalists, and radical
environmentalists, of seeking to undermine the foundations of science. They (1994:2) argue that
these initiatives are characterized not just by “open hostility” toward the content of scientific
knowledge, but “toward the assumption, which one might have supposed universal among
educated people, that scientific knowledge is reasonably reliable and rests on a sound
methodology.” This statement appears bold, if not uninformed, when we reflect back on the
material presented in Chapter 2 with respect to a number of ongoing and unresolved debates
over various aspects of science. For example, there is no clear consensus, even among
scientists (see Jardine and Frasca-Spada, 1997:229), on how to demarcate (on the basis of
methodology or otherwise) science from non-science, just as there is no clear understanding of
the reiationship between theory and evidence. Gross and Levitt (1994:4) go on to argue that the
greatest danger arising from these initiatives is not with respect to science itself, but rather:

What is threatened is the capability of the larger cuiture, which embraces the

mass media as well as the more serious processes of education, to interact

fruitfully with the sciences, to draw insight from scientific advances, and, above

all, to evaluate science intelligently.
So, not only do the authors present and defend a monolithic and largely taken-for-granted
conception of science, they are of the opinion that science is, for the most part, immune from the
attacks of those in the academy who do not share this view. For Gross and Levitt, it is the public
that is at greatest risk. What the authors appear to argue is that, in order for the public to
evaluate and benefit from the work done by scientists, and at the same time protect themselves
from the anti-science rhetoric of the “left,” members of the public must accept the scientists’
definition of what science is.

Gross and Levitt construct their argument around the analysis of what they have

determined to be four distinct but reiated efforts to assess science from within the broader

category of cultural studies: social (cultural) constructivists, postmodemists, feminists, and
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radical environmentalists. These areas are distinct in that they all reflect certain “doctrinal
idiosyncracies” (e.g., sexism on the part of feminists), but they are related in as much as they all
represent some form of radical relativism, with respect to the ontological, epistemological, and
methodological foundations of modem Western science. So, for example, Gross and Levitt
select the work of sociologists and historians of science Stanley Aronowitz, Bruno Latour, Steve
Shapin, and Simon Schaffer, to represent the social constructivist perspective. What they argue
is that these scholars are attempting to demonstrate how social and political factors, particularly
as they relate to the struggle over material and human resources, turn science into a power
game, in which references to reason and evidence are merely rhetorical tools. [n an effort to
tum the tables and point out the “value-laden” nature of social constructivism, Gross and Levitt
(1994:69) conclude that:

The central ambition of the cultural constructivist program — to explain the

deepest and most enduring insights of science as a corollary of social

assumptions and ideologicat agenda — is futile and perverse. The chances

are excellent, however, that one can account for the intellectual phenomenon

of cultural constructivism itseif in precisely such terms. (emphasis in original)

Here, we find, notwithstanding any intended irony or sarcasm, the reiteration of a basic tenet of
some versions of the sociology of knowledge discussed eariier, whereby it is thought quite
legitimate for sociology to investigate the social aspects of science (context of discovery), but
not the internal workings of science (context of justification).

For their analysis of postmodemism, Gross and Levitt select philosopher Steven Best,
Andrew Ross, co-editor of Social Text, who coined the term “science wars,” and literary critic N.
Katherine Hayles. Postmodemist scholars are accused of treating “science as metaphor,” and of
playing a sort of “intellectual hooky," thinly disguised as philosophy. According to Gross and
Levitt (1994:74), most postmodemists hold that

“reality” is chimerical or at best inaccessible to human cognition, and that

all human awareness is a creature and a prisoner of the language games

that encode it, (thus) it is a short step to the belief that mastery over words,

over terminology and lexicon, is mastery over the worid.

The catch is that, in the opinion of Gross and Levitt, postmodemists rarely make the effort to

understand the meanings of the words they use in their critiques, for those that use thern. In

other words, before some term used by physicists, say, can be used in some other context, it is
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incumbent upon the borrower to first discover what physicists mean by that term. So, for
example, both Best and Hayles are accused of totally distorting what physicists and
mathematicians understand by “chaos theory,” and its related vocabulary of nonlinearity, fractat
geometry, and so on, thus reverting to the *magical, emblematic thinking of premodern (rather
than postmodem) times” (Gross and Levitt, 1994:105). Postmodemists, however, freed from the
ideological encumbrances of scientists, ciaim fo see more “meaning” in these words than even
the scientists are aware of.

Virtually all of them claim to discemn important intellectual themes and

political motifs in past and cumrent science, themes and motifs that are

quite invisible to the scientists themselves. These supposed insights

rest, as we have seen, on a technical competence so shallow and

incomplete as to be analytically worthless. Their arrogance, then, is

comparable to that of “creation scientists” in addressing evolutionary

biology, or to that of Galileo’s persecutors within the Inquisition in

their response to his cosmology. (Gross and Levitt, 1994:106)
Again, as with their critique of the social constructivists, Gross and Levitt are supporting an
intemnalist conception of science that is assumed to be true, and cannot be proven to be false
except on its own terms.

With respect to feminism (represented by Sandra Harding, Helen Longino, and others),
the argument is basically the same. Gross and Levitt (1994:148) argue that:

What begins as an epistemological inquiry into science ends as familiar

anti-science tricked out in the ambient cliches of the business — science

“hamessed to the making of money and the waging of war” — the old

moral one-upswomnanship, and the cali to political action. It ends with

the universal complaint of religious zealots, utopians, and totalizers

generally. (emphasis in the original)
All members of the “academic left” are viewed as “totalizers,” who Gross and Levitt (1994:225)
define as those with “the impulse to bring the entire range of human phenomena within the rubric
of a favored doctrinal system.” Science, for Gross and Levitt, is not doctrine, as it is based on
logical reasoning and the rules of evidence. Similarly, the “actions” of science are superior to the
“talk” of other disciplines. As they (1994:178) conclude with respect to so-cailed radical
environmentalists (represented primarily by Carolyn Merchant), “it is self-evident that a 1 percent
improvement in the efficiency of photo-voltaic cells, say, is, in environmental terms, worth

substantially more than all the utopian eco-babble ever published.”
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The remainder of their text is devoted to the reiteration of similar arguments with
evidence of the social constructivist and relativistic distortion of the scientific “reality” associated
with such phenomena as the AIDS epidemic, the animal rights movement, and Afrocentrism
(muiticulturalism) in science education. In a chapter entitied “Why Do the People Imagine a Vain
Thing?” the authors’ critique tums away froam objective analysis towards the kind of zealotry they
rail against throughout their text (afflictatio facit religiosos). In blatant support of the “intellectual
hegemony of Western science,” they (1994:220) state that: “No other civilization bears a like
gem. Thus science becomes an irresistible target for those whose sense of their own heritage
has become an intolerable moral burden.” Gross and Levitt conclude their book by retuming to
an examination of the consequences of the science wars. Here, they highlight the destructive
nature of the failure to respect academic colleagues, regardless of their discipline, the
(re)creation of a schism in the academy, the debasement of science education at all levels, and
what they (1994:248) refer to as the “inanition” of public discourse. By way of an illustration of
inanition, and as a closing comment on Higher Superstition, | offer this “thought experiment” by

the authors.

If, taking a fanciful hypothesis, the humanities department of MIT (a bastion,
by the way of left-wing rectitude) were to walk out in a huff, the scientific
faculty could, at need and with enough release time, patch together a
humanities curriculum, to be taught by the scientists themselves. It would
have obvious gaps and rough spots, to be sure, and it might with some
regularity prove inane; but on the whole it would be, we imagine, no

worse than operative. What the opposite situation — a waikout by the
scientists — would produce, as the humanities department tried to cope

with the demand for science education, we leave to the reader’s
imagination. (Gross and Levitt, 1994:243)

Vanity of vanities, qui nimium probat, nihil probat.

Retuming to an examination of the origins of the science wars, the second event
occurred, when, in a special issue of the cuitural studies jounial Social Text devoted to
responses to Gross and Levitt’s book, physicist Alan Sokal published an article, “Transgressing
the Boundaries” (1996b). The article, which presented a “hermeneutics of quantum gravity,” was
accepted as a serious and legitimate contribution to the cultural studies of science, but Sokal had

purposefully duped the editors. In an interview in which he describes how he wrote this article,

Sokal says:
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- | structured the article around the silliest quotations about mathematics and

physics from the most prominent academics, and | invented an argument

praising them and linking them together. All this was very easy to carry

off, because my article wasn't obliged to respect any standards of evidence

or logic. (cited in Jardine and Frasca-Spada, 1997:219)

Sokal’s intention was to provide support for Gross and Levitt’s evaluation of the cultural studies
of science, by demonstrating that cultural studies journals, lacking any rigorous criteria to judge
sound scientific work, would publish any “article liberally salted with nonsense if (a) it sounded
good and (b) it flattered the editors’ ideological preconceptions” (Sokal, 1996a:62).

The third event took place when Sokal (1996a) admitted to his “hoax” in another article,
“A Physicist Experiments with Cultural Studies,” published at about the same time, in Lingua
Franca, in which he echoes much of the same sentiment regarding “science bashing” expressed
by Gross and Levitt. Further, in explaining why he turned to parody and satire for his critique, he
(1996a:64) claims that those involved in the cuiltural studies of science *have by now become a
self-perpetuating academic subculture that typically ignores (or disdains) reasoned criticism from
the outside,” so a powerful blow needed to be struck.

The responses to Sokal's “experiment” were swift and widespread, and the science wars
were under way. Scientists and those that studied them became engaged in a war of words over
the integrity and substance of each other’s disciplines. Now, much effort on both sides is being
expended on rhetorical and philosophical arguments designed to defend turf and ward off attack.
Consequently, in some quarters, less effort is being directed at carrying out science or the social
(cultural) study of what goes on in science. Rather than being drawn further into these debates,
our central concem is to determine if a symbolic interactionist approach to science can help us to
understand and move beyond these exercises in “taking in each other’s washing” (Blumer,
1969:142).

In an attempt to put the so-called “Sokal Affair” in context, Stephen Hilgartner (1997:509)
argues that not only can Sokal’s experiment be viewed as a direct contribution to the social study
of science, but that it fits very specifically into a set of studies aimed at determining how journals

assess the credibility of submissions (see Chubin and Hackett, 1990; Hargens, 1990; LaFollette,

1992), and, even more specifically, into a subset of studies that have employed deception as
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part of their method (see Mahoney, 1977; Peters and Ceci, 1982; Epstein, 1990). By comparing
Sokal’s efforts to those of William Epstein (1990), Hilgartner demonstrates that Sokal's piece
comes off as quite unimpressive, especially when judged by his own standards, namely,
evidence and logic. In other words, Sokal's efforts appear less scientific. So, for example,
whereas Epstein set out to test the distinct hypothesis that confirmational bias exists among
social work joumals, Sokal refers more vaguely to such elements as intellectual [aziness and
weak scholarship, as characterizing the editorial practices of cultural studies journals. Similarly,
Epstein employed a sample of 146 peer-reviewed jourmnals compared to Sokal’s sample of one
journal with no peer review process. Epstein submitted two versions of an article, one with
positive results and one with negative results, to randomiy selected groups of joumals, and then
analyzed the results statistically. Sokal carried out none of these steps, but rather draws what
Hilgartner (1997:511) refers to as a “voild” conclusion (i.e., | pulled it off, therefore, | was right).
Hilgartner then goes on to explore the very different reception that the two articles
received among academics and in the public forum. Epstein was severely criticized by the
social work profession, to the point of almost being thrown out of his professional association, for
his deception, and the press also responded negatively to his seemingly flagrant abuse of
professional ethics., When the results of his study were published in Science, Technology, &
Human Values (Epstein, 1990), they were accompanied by thirty pages of commentary on the
ethical implications of his work by five separate scholars. Sokal’s articies, on the other hand, not
only received far greater attention in ali venues, but his conclusions were by and large accepted
as a highly accurate and worthy critique of cultural studies in general, and of science studies
more particularly, by the mass media and in many scholarly circles. Given the obvious
methodological inferiority of Sokal's efforts compared to Epstein’s, Hilgartner (1897:516-517)
offers a number of possible aitemate factors that might help to account for the vastly different
reception these articles received. For example, he argues that physics, the most scientific of
sciences, enjoys a much higher status than either social work or cultural studies, and therefore
Sokal, as a physicist, was ipso facto more credible. Similarly, he argues that the institutional

resources available to the intended targets of these studies were vastly different. The editors of
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the social work journals had the backing of a national association, with professional codes and
ethics committees, to defend themselves against Epstein, who had clearly violated their trust.
On the other hand, cultural studies are diverse and fragmented, and so Social Text, as a single
journal, was not in much of a position to mount a defense against Sokal. As a third element,
Hilgartner also argues that the timing of Sokal's experiment fit nicely into the present fascination
on campuses, in popular books, and in the media with the so-called decline of the universities.
What | think Hilgartner is suggesting is that members of various groups respended to these
articles on the basis of the meaning that the articles had for them. While this may appear like an
inane truism, it points to the fact that there is much to be leamed from exploring the contexts and
processes being engaged in, in these disputes, rather than limiting analysis to the content and
products. As has been argued throughout the present work, neither science nor science studies
are monofithic, and, therefore, it is unreasonable to expect that clear monolithic pro-science and
anti-science positions can be identified among the protagonists. At the same time, | would argue
that the science wars are being waged on a philosophical battiefieid, well removed from the
practice of science or the social study of that practice.

Reflecting on the impact of Gross and Levitt's book and his own experiment, Sokal
(1997:126) states that the issue at the heart of the science wars is “the nature of truth, reason,
and objectivity.” Similarly, Jardine and Frasca-Spada (1997:223) argue that the science wars
have provoked “a renewed and public engagement with scientists on central issues conceming
the nature of scientific truth and rationality, and the unity and autonomy of science.” in other
words, representatives from both sides of these debates identify a philosophical battlefield where
the ontology, epistemology, and methodology of science are at stake. According to Gross and
Levitt (1994:86), the vast majority of scientists hold with some form of logical positivism (with a
few Popperian addenda), while those on the academic left favor some version of radical (i.e.,
ontological, epistemologicai, and methodological) relativism. As the material presented in the
earlier chapters of the present work indicates, not only are philosophical debates about the
nature of science ongoing and largely unresoivable, at least by purely philosophical means, it is

grossly inaccurate to characterize the philosophical positions of scientists, and those that study
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science, as simplistically as Gross and Levitt's comments would imply. Consequently, the
absence of an adequate foundation (shared constellation of meanings) upon which to carry out
constructive debate over the nature of science has regrettably led to specious posturing and ad
hominem attacks. Jardine and Frasca-Spada (1997:222) provide the foliowing two statements to
illustrate this phenomenon, the first by biologist Lewis Wolpert and the second by sociologist
(anthropologist) of science Bruno Latour.

You might expect that the sociologists and philosophers would have helped to

illuminate the nature of science. The great disappointment is that not only have

they failed to illuminate it, but they have actually obfuscated it... Why, are the

sociologists of science doing this? | can only give a sociological explanation. It's

little more than envy. For me science has been remarkably successful in providing

us with an understanding of the world.

A small number of theoretical physicists deprived of the fat budgets of the cold

war, seek a new menace against which they heroically offer the protection of

their esprit... France, in their eyes, has become another Colombia, a country

of dealers who produce hard drugs — derridium, lacanium, to which American
doctoral students have no more resistance than to crack.

The upshot of this situation, at least with respect to social studies of science, is that the
time has come to abandon philosophical debates about the nature of science, and return to, or
perhaps begin to undertake, the genuine and, | wouid argue, iargely unexplored social study of
science. In a recent statement, Sokal (1998) argues that:

Science Studies’ epistemnological conceits are a diversion from the important

matters that motivated Science Studies in the first place: namely, the social,

economic and political roles of science and technology. To be sure those

conceits are not an accident; they have a history, which can be subjected to

sociological study. But Science Studies practitioners are not obliged to

persist in a misguided epistemology; they can give it up, and go on the serious

task of studying science. Perhaps, from the perspective of a few years from

now, today's so-called “Science Wars” will tum out to have marked such a

tuming point.

Apart from the obvious “physician heal thyself” remark that this statement elicits, Sokal is on the
right track in one important respect. The social study of science is not about trying to solve
philosophical issues about what science essentially is or should be. Rather, it is about trying to
capture what science actually is, i.e., how it is carried out on a day-to-day basis. This will only
happen though through the open exploration of daily practice through interaction with working

scientists. What Blumer (1969:46) advocates is “naturalistic” investigation —
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investigation that is directed to a given empirical world in its natural, ongoing

character instead of to a simulation of such a werid, or to an abstraction from

it (as in the case of laboratory experimentation), or to a substitute for the world

in the form of a preset image of it.
This statement holds for both physicists and sociologists. Studying subatomic particles requires
a method that respects the nature of quarks and leptons. Studying the scientists that carry out
this research requires a method that respects the (human) nature of the scientists. This is
perhaps the key insight of symbolic interactionism. Other approaches to science start out from
the position that there is a philosophically consistent set of propositions that define what science
should be, or that some set of institutional norms exist that constrain the behavior of scientists,
or, as some postmodemists would have it, science is all just language games. Starting out in
any of these ways inevitably leads to arguments over competing ideologies, with the result that
empirical investigations of what goes on in science are generally dismissed as inherently biased,
or they are just not done. The symbolic interactionist approach is based on starting from the
position that there is no a priori foundation for science, selecting to explore instead, the ways that
meanings are constructed, maintained, and altered, by those engaged in doing science. The
science wars would quickly fade if the protagonists abandoned philosophizing and mud slinging,
and returmed to engaging in the activities that constitute the realms of human endeavor through

which they intersubjectively construct their identities and accomplish their goals. For those in the

social study of science, this means studying science socially.

Six Positions on the Social Study of Science

Several scholars engaged in the study of science have offered a series of tenets,
prescriptions or propositions that either form the basis for their studies, or reflect what they have
leamed through their research (see, e.g., Bloor, 1976; Knomr-Cetina, 1981; Latour, 1987; Clarke
and Gerson, 1990; Collins, 1992). By way of a final statement regarding this project, | am
reluctant to present a series of dogmatic statements that might be interpreted as yet another
effort to restrict the way in which science can and shouid be studied. Rather, the following is a
set of “positions” that provides a succinct way in which to describe a symbolic interactionist

approach to the social study of science, as | see it.
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Position One: There is no one science. Following Kuhn and Fleck, | would contend that
there are many sciences, which can be distinguished on the basis of the paradigms (beliefs and
practices) or thought styles shared by the practitioners of these various sciences, and that come
be accepted by those that they interact with.

Position Two: There is no one way to study science. \While, following Blumer and Prus, [
would advocate a symbolic interactionist approach to science, the critical criterion for any
proposed method is that it be naturalistic, that is, that it respect the nature of the phenomenon
being studied. Thus, studying the knowledge content of a science or the historical development
of a science require different methods, as does the study of the contemporary practice of
science.

Position Three: Science is demarcated from non-science on the basis of a boundary
negotiated among scientists, members of other pursuits, and the public. The first implication of
this statement is that the science/non-science boundary changes regularly, as the resuit of
interaction among the members of various groups. Second, the determination of what is science
involves many people beyond the scientists themselves. These might include medical doctors,
high school biology teachers, government bureaucrats, and average citizens, in their roles as
consumers, taxpayers, and moral (or immoral) beings. Third, boundaries are negotiated across
all tevels from the lab bench to international treaty talks. Thus, in practice, distinctions among
micro, meso, and macro do not obtain in any definitively restrictive sense.

Position Four: The most promising unit of analysis for the study of science is the
community. Following Fleck, Kuhn, and symbolic interactionism, | would contend that the
dynamics of the scientific enterprise are most apparent in the social interaction that takes place
among the members of various groups doing science, whether we call these networks,
collectives, subcultures, or communities.

Position Five: Symbolic interactionism alfows for a science of science. A symbolic
interactionist approach to science is totally reflexive. This approach can be applied to any
aspect of human group life, including the study of the study of human group life, without

modifications or the imposition of any special conditions.
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Position Six: Science is what scientists do. If the material | have presented to this point
has any merit, then this statement will not be viewed as either tautological or relativistic in any
absolute sense. Rather, this statement reflects both the practical and intersubjective nature of
the scientific enterprise as a realm of human endeavor with particular goals, and a constellation
of shared and evolving meanings about the nature of those goals, ways of accomplishing them,

and ways of determining when they have been achieved.

Neque enim fas est homini cunctas divinae operae machinas vel ingenio
comprehendere vel explicare sermone. (Boethius)
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