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The Scientist as an Analogical Reasoner:
A Principle of Orientation and a Critique
of the Metaphor Theory of Innovation
"Seven Beauties" is:Miss Wertmuller's "King Kong", her
"Nashville", her "8/2", her "Navigator", her "City Lights".
Vinceni Canby, Sunday N~w York Times

3.1 The Metaphor Theory of Irmovation
To Nietzsche, equating the unequal was the origin of all ideas. "The essential feature
of our thought", he said "is fitting new material into old schemas
making equal
what is new". Nieizsche went on to argue that truth itself is nothing more than "a
mobile army of metaphors, metonymies, anthromorphisms" whose origins in "making
equal" have been forgotten.) The metaphor .theory of innovation has rediscovered the
source of the new in figurative discourse, but seems to have forgotten that making
equal is a process of work involving for?e and the potential for either success or failure.
While we shall criticise the metaphor theory for its equation between the OCCWTence of
an "idea" and the phenomenon of innovation, it will interest us here not only as the
dominant theory of innovation, but as a theory which has something to say about the
circulation of scientific selections (or ideas) among different research contexts, thus
pointing to a principle of research orientation. Let ill? now review the metaphor theory
as a theory of innovation, and then confront it with the process of research encOlllltered in the laboratory.
Imagine two scientists chatting about the progress of some protein work over a bag
lllllch. One takes his protein samples from the shelf and shows them to the other. He
says he cannot accollllt for the different volwnes obtained in a series of experiments
concerning proteins exposed to different degrees o( temperature. the other suggests
that perhaps the hardness of the protein particles is a relevant factor, and elaborates
on particle size and behaviour. "Well," says the first scientist, twning the
"worst"-looking sample .arolllld in his hands, "this protein really looks just like
sand! "
Similes like this have attracted some attention in recent literature because of the role
attributed to them in scientific innovation. "If t)le protein looks like sand," .reasoned
the scientist whose samples they had been, "it must be denatured. If it is denatured, its
effect would be to dilute the samples, and nothing else: If it does dilute the samples just
like sand, it would prove the 'dilution theory' in which everybody seems to believe. But
if it does ~ot have the same effect as sand,· I can finally disprove. ·this dilution rubbish
and propose my own interpretation." Three hours later· the scientist had abandoned his
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previous project, gone to the storage room to find some chemically pure sand, set up a
"quick and dirty" experiment designed to compare the behaviour of sand- and proteinsamples llllder heat treatment, and nearly destroyed a perfectly good blender in the
process.
But he had also built a strong case for his interpretation, for the behaviour of the
sand-diluted samples differed significantly from that of the protein-diluted samples.
To be sure, the results were preliminary because of the slap-dash nature of the test.
Nevertheless, the comparison between protein and sand eventually led to a new theory
of protein additives, and to an elaborate investigation of protein particle behaviour.
The metaphor theory of innovation assumes that such figurative comparisons as that
between protein and sand are the very source of conceptual innovation. 2 Through
metaphor, two phenomena not usually associated with one another are suddenly
perceived to have some kind of correspondence. This intimation of similarity between
hitherto unrelated ideas allows the systems of knowledge and belief associated with
each conceptual object to be brought to bear upon the other, and brings about the
creative extension of knowledge. The example above is slightly more complicated, since
the similarities between protein and sand suggested an experiment to expose a preswned underlyipg dissimilarity between the respective particles with respect to the prop~rty
of denaturation. Yet it did so by bringing knowledge about the properties of one
phenomenon (sand) to bear upon another (protein) whose properties were the subject
of investigation:
In the literary use of metaphor, the same effect is achieved through systems of
association combined with a conceptual object. For example, Dante's "hell is a lake of
ice,,3 extends the reader's previous image of hell by including in it those associations
normally restricted to the "lake of ice". This creative extension of ideas is not limite~
to the conceptual object under consideration, for the object will also alter the image invoked to illwninate it: not only does hell become more like a lake of ice, a lake of ice
becomes more like hell. This conceptual interaction as a basically symmetric relationship lies at the core of the metaphor theory of innovation.
However, conceptual interaction and symmetry of influence do not merely
characterise metaphoric classifications, but .are part of analogical -reasoning, or
similarity classifications in general. Analogical reasoning is based on a logic of
resemblance in which the notion of similarity is described as logically basic, in the sense
that it is' presupposed from the very beginnings of language learning, and primitive, in
the sense that it apparently cannot be reduced to analytic criteria. 4 It appears that
metaphoric classification is best differentiated from other kinds of analogical reasoning by ·the degree of distance or independence between the two conceptual systems
brought together through similarity classification.
In the limiting case of "primary recognition", 5 we can no longer distinguish between
the two conceptual systems. Primary recognition refers to seeing something as
something; that is, to the recognition of differential segments of our natural and social
environment by identifying them in either our natural language or a professional
idiolect. A scientist who said, "The stuff has gone white", as he looked at his protein
samples provides an example from the laboratory in which a given stimulus is identified
as an instance of a certain kind. Note that the definition of primary recognition in
terms of similarity lends credence to the "theory-Iadenness" of observation. 6
A second form of similarity classification is invC?lved when we "interpret" a situa-
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tion or "account for" a phenomenon. The scientist who noticed the white colour of his
samples concluded that "the protein was precipitated", and this interpretation became
the basis for further procedures. In a sense, when we determine that a given situation
fits a particular interpretation, we are concluding that the current situation is
analogous to those from which the interpretation was originally derived. In other
words, the original situation serves as a kind of paradigm against which the new situation is matched.
Even more important is the fact that we are apt to make inferences about llllobserved
aspects of the new situation from the paradigm case. This making of inferences is in
principle symmetrical, since the contexts of association sWTounding the interpreting
and the interpreted situations potentially influence each other. This can be seen in the
laboratory when the outcome of a recalcitrant experiment suggests a modification of
the interpretation that originally created the expectations governing the experiment
What is important here is that the classifications involved are intended-and used-in
a literal way, which means that the observed situation tends to be absorbed in the
similarity class that is applied to it.
Despite this tendency toward assimilation, the classified situation retains its independence as long as it is independently describable, and so does the interpretation.
This becomes obvious when an interpretation is modified, revised or extended. In the
above example, it was discovered that the protein had not only been precipitated, but
had also been affected by the means of precipitation. Given the basic independence between an interpretation and the situation it classifies, we can also say that this kind of
similarity classification involves a greater distance than primary recognition.
Metaphor can now be seen as the fonn of similarity classification which involves the
greatest distance between the conceptual objects involved, since it would be absurd or
false to take the proposed conjllllction literally. Primary recognition recognises an ocCWTence as something. Interpretations classify an OCCWTence as "actually" an instance
of something else. Metaphors classify OCCWTences as similar, but not actually the same.
For example, the protein cited earlier was never actually considered to be sand. Note
that a metaphor can become a literal interpretation over time, or for some specific
reasons.
According to Hesse;7 even primary recognitions do not provide "a stable and independent list of primitive observation predicates". Nor, of course, do interpretative
or metaphoric classifications establish a similarity relationship which could not be
disestablished or altered with respect to the degree of distance it originally implied.
Needless to say, much of the scientist's work goes into demonstrating why and to what
degree some object is or is not an instance of a certain kind. SimilaritY relationships are
not merely perceived; nor are they hidden, to be discovered once and for all, as
Koestler seems to suggest. s The scientist's suddenly recognised similarities include
elements of decision and persuasion, and consequently of change as well. 9 In this sense,
the similarities which llllderlie a metaphor or an analogy are complex rather than
primitive, fragile and temporary rather than basic and stable.
Because of their figurative character, metaphors may show this more clearly than
literal interpretations. But the important point about metaphor, as stressed initially, is
not the figurative character of the similarity relationship established between the objects brought together, but the conceptual interaction and subsequent extension of
knowledge to which it leads. However, the conceptual interaction is not limited to th~
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use of metaphor, but seems to be a routine feature of "displacernents of concepts" in
general. 1 0
Conceptual objects are regularly transferred to instances beyond their original range
of appllcation, and displaced into contexts which differ from their established situation. Moreover,_ they are extended to problems clearly distinct from those they have
previously been used to solve. It is this difference of some sort which is reflected in the
distinct descriptions of the two objects brought together, and bridged by analogical
rea~oning. Conceptual interaction emerges from the different universes of knowledge
or belief associated with the distinctive descriptions brought together by a presumed
similarity.
"While an analogy is a prerequisite for conceptual interaction, it need riot be
figurative: when two situations or problems are seen as similar, the knowledge of one
will be extended to the other, just as with a figurative similarity. The move toward the
inclusion of a non-figurative analogy is important not only because of the dominance
of analogical reasoning in the laboratory, but also because it allows us to see that the
process by which knowledge is analogically extended is at the same time a process by
which selections (or ideas) are circulated and transformed through the medium of
recontextualisation. A perceived analogy acts as a vehicle through which a scieptific
object is circulated from a preceding (research) context to a new (research) one. The interaction invoked by the metaphor theory of innovation is part of the process of
transformation which follows upon the recontextualisation of the circulated object.
Both scientific ·change and that solidifi·cation of knowledge known as "consensus formation" tie into this process of circulation and transformation, and both are part of
what comes to be considered as the core of innovation.
3,2 The Scientists' Acc6llllts of hmovation
The previous section suggests that the social scientist's account of innovation in
tenns of metaphor must be extended to analogical reasoning in general, since conceptual interaction (and the extension of knowledge it breeds) cannot be limited to
figurative similarity relationships. The argwnent here is that the scientists' own acCOllllts of innovation display such a broadened perspective, since they" link innovation
to the making of analogies in a much more general sense than that postulated by the
metaphor theory of innovation. When scientists were asked to explain the origin of an
idea they considered to be innovative, they generally displayed themselves as analogical
reasoners who built their "innovative" research upon a perceived similarity between
hitherto unrelated problem contexts.
Let us consider the story of Holzman, a biochemist who told me about his work on
the isolation of honnones in a mould--a line of research he traced back to a colleague's
idea that steroids might be involved in the transformation processes the mould llllderwent. He explained that the colleague, a biologist named Becker, seemed to be attracted by the problem of the slime mould:
".She is not the only one interested in this mould. Many biologists like it because
it is a model of differentiation. It changes from an animal to a plant as the result
of some honnonal stimulation."
Becker was aware that steroids are involved in the reproduction of many life fonns.
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When she became pregnant, it "occurred" to her that the as yet illlknown hormone
which stimulated the transformation of the mould might be a steroid:
"Her original discovery was that, while she was pregnant, her own urine (which
contains steroids) would stimulate the mould to lllldergo this conversion. The
idea that steroids are involved in the reproduction of even the lowest forms of life
is not new
although most biologists still don't accept it. Anyhow, she, uh,
tried it, and it worked. I mean, what happens is very spectacular. These bugs are
like amoeba, they crawl arOlllld on a plate of agar, and one of them will make a
hormone whose nature was illlknown at that time. "When one creature makes this
hormone, the other creatures congregate arOlllld this individual. In other words,
this substance acts as an attractant. And after they all get together, they lllldergo
this phenomenal transformation from amoeboid, animal-like creatures to a
"
regular mould, you know.
The isolation of the hormone in the laboratory was complicated by the fact that
subsequent attempts to stimulate the mould with Becker's urine did not work out. According to Holzman:

"It was not a real effect. No one could ever repeat (it). She had a good hunch that
steroids were involved, but she had the wrong observations."
Consequently, Holzman twned to a more direct way of trying to isolate the hormone:
"So anyhow, she brought in this pregnancy urine. I was working on, uh, steroid
hormones in urine, among other things, and I knew how to isolate them. I used
my methods, and what I got out of her urine didn't work at all. I had some hormones in the lab in pure form, and they didn't work either. Then I had the idea of
going to the mould directly. During the time that this congregation of individuals
takes place, there must be more of this hormone present. So I thought that if we,
uh, go to this mould directly and· then isolate from it the fraction that is
biologically active, that causes this attraction, we will find out what this hormone
is. So we did this, using methods that I had developed over the years. . you have
to use fractionation me·thods, you know. In deciding which fraction to keep and
which to throwaway, you have to have a bioassay method. S~after your
separation, you take the individual fractions and test them and see whether they
cause aggregation. We did that together, and 10 and behold, one of the fractions
had the ability to cause aggregation. And this happened to be a steroid. Since
then, other steroids have been isolated from all kinds of mould. They also have
sex hormone activity. They are not related to the sex hormone that women have
ill pregnancy. They are steroids, but they are in a different class of steroids"
(6-18/5).
The similarity underlying Becker's attempt to stimulate the mould with the help of
pregnancy urine is that between the transformation of the mould and reproduction in
other forms of life. Since the latter often involves steroids, Becker had "a good hunch"
that steroids might be involved in the transformation of the mould as well. In the scientist's accollllt, the notion that the unknown hormones might very well be steroids is
based on establishing a similarity between two contexts and transferring a single element from one context to another.
The following story shows a similar pattern. It was told by the same biochemist, and
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involves the group he supervised:
"This happened when we already had a small group, and I was interested in finding out how steroids were synthesised in plants. These are plant steroids, and
there are all kinds of theories on how they are made. But nobody really knew. So
we were working away, and doing pretty pedestrian stuff, lllltil one of my colleagues fOlllld- . a lot of radioactivity incorporated in a particular fraction present in such minute quantities that we couldn't identify the material. But talking
among ourselves, we came to the conclusion that it could be cholesterol. There
was another man in the group who was working on wrrelated problems and had a
similar observation.
Then they pooled their resources-and, uh, of course,
mine too-and together we came up with the conclusion that this was in fact
cholesterol. This openedup a whole series of experiments which culminated in the
fact that cholesterol-which up to then was considered to be an animal product
that wasn't even present in plants-is actually the substance from which all plant
steroids are made. And this is, uh, very significant we can now trace the biosynthesis of plant steroids very easily by administering radioactive cholesterol and
seeing what transformations it has to go through before it becomes one of those
many, many steroids that occur in plants."
When I asked how the group had arrived at its joint conclusion, he said:
"You see, I had been working on people up· to then. And, although it wasn't very
clear at the time I started, it became increasingly evident-from my own work
and that of other people-that cholesterol in animals and people is the key
substance from which all other steroids are made.
But it was believed at the time that 'plants do not contain cholesterol'. So first
there was. my colleagues' discovery that radioactivity accumulated in a certain
fraction.
The link (between the observation of accumuiated radioactivity and
the idea that the substance was cholesterol) was that that's what you would expect
in animals. That's what we, as well as other people, had previously observed. But
that the same thing could happen in plants was completely llllexpected, because
lllltil.then nobody even suspected that plants contain cholesterol" (14-5/2, emphasis added.)
The observation of accumulated radioactivity in a certain fraction of plant material
(together with other aspects of the problem) provided a context close enough to that of
cholesterol-formation in animals to suggest the "idea" that cholesterol was also formed
in plants, despite the prevailing contrary opinion. (I should note that at least part of the
idea's attractiveness arose from its opposition to established beliefs.) Thus, we again
find the circulation of an element from one context to another which was sufficiently
similar to the original to both suggest and warrant the transfer. These two examples
can also be considered in terms of the result of the transfer: in both cases, the scientists
found ail explanation for an tmknown phenomenon by assimilating it with a known
one; that is, to the operation of steroids in reproduction, and of cholesterol in animals.
Other accollllts of the origin of research results called "innovative" did not invoke the
context of explanation, yet implied the same pattern of circulation by analogy.
In the following accollllt (a summary of comments made by scientists during the
period of observation), the transposed element is an enzymatic procedure. WaIter, a
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technologist, found that a certain plant protein contained an expectably high amOllllt
of toxic solanine. During the latter part of my observations, he virtually ignored the
problem, since it had no immediate bearing on the research in progress, nor on any
projected publication. Nonetheless, he was bothered by it, and occasionally spoke of
the need to eliminate or reduce the amOllllt of solanine. At one point, he wondered if
the elimination of solanine couldn't become a by-product of other, more pressing experiments.
He discussed his plan with Holzman, who had worked on solanine for many years.
Holzman felt that WaIter's method held no promise of success, but mentioned that his
own laboratory had successfully eliminated a similar toxic compound from another
plant by using an enzymatic procedure, in work that as yet had not been published.
WaIter immediately picked up on the "idea" of using Holzman's enzymatic procedure to elimate the solanine from his own proteins:
"1 think 1 had the advantage of being the only one who got the message (about
the existence and the success 0/ Holzman's enzymatic procedure), and the only
one who llllderstood its implications {for the elimination o/solanine)."
Both Scientists deemed it highly probable that an equivalent enzymatic procedure
would work with the plant material, but Holzman was "not interested" in doing the
necessary research himself, being "too settled on chromatography and his own projects". For WaIter, Holzman's disinterest presented an excellent opportllllity not only
"to solve the problem", but to distinguish himself by exploiting an idea which would
otherwise not be used.
Note that when WaIter fIrst heard about the enzymatic procedure, he immediately
saw it as the key to solving the problem of solanine elimination, despite the fact that the
procedure had been established for use with a different plant and a different toxic compOlllld. But the contextual similarities between the problem of solanine elimination and
the problem for which Holzman had developed the procedure were sufficiently appealing to suggest a transference of the "idea". Of course, the "transfer" involved both
modification and adaptation, thus requiring an actual traniformation of the procedure
involved.
1 encolllltered many ·cases of this sort during the period of observation. For example,
one of the scientists involved in plant protein generation had been given a report written by the head of his group after visiting research groups in various industrial and
non-industrial cOlllltries. The report mentioned in passing, the scientist said, that "the
people at NN tried to emich soft drinks with protein and fOlllld that the protein colour
of the samples became lighter when citric acid was applied in the process". Samples
had been sent to them by the head of the group for the respective protein-additive tests.
Since the scientist was interested in obtaining a protein powder which was as light as
possible, the idea of using citric acid as a non-polluting coagulant seemed promising
enough to justify a series of experiments (3-1511).
\Vhile the previous examples illustrate the transfer of a method or procedure from
one context to another, the following accollllt (drawn from the food engineering group
at the institute 1 observed) involves the transfer of a type of solution. The group leader
explained the origin of their current research efforts in sweet corn processing. The
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problem, as described by the research leader, is that:
'The corn is cut with a knife, (and in) doing so you create a tremendous amount
of effluent during the washing step and lose all of the flavour of the product.
This is something that everybody (who has) worked in the food industry and seen
corn processing plants is aware of."
The scientists began to look at this process when "a group upstairs" suggested that
they ought to be working on a "big project". The project head, whose background is
in chemical engineering, continued:
"So we said OK, we'll show you that we can do a big project.
. We fonned a
group and started to look at ways of changing the process completely.
It is intuitively obvious that you have to keep the corn kernel intact, because if you
break it open everything is leached out. So we had to go to a process that stripped
the kernel off the cob without damaging the body of the kernel. We went to the
literature and found the patents, plenty of them. People had frozen the cob and
R.
broken off the kernels, (there were) a number of cutting techniques, etc.
came up with the idea of splitting the cob in half and then wiping the kernels off
with a belt. Well, they started out with a belt like this and went through many different types of belts before they finally ended up with one that worked. So we
now have a teclmology, at least in its infancy, that can produce unit kernels. But
right after the start of the project, after the first season, we realised that the corn
cob itself was designed to frustrate the removal of kernels by a rolling or plucking
action, as we called it."
The scientist was very familiar with a solution that had played a key role in efforts to
solve mechanical harvesting problems, and this familiarity allowed for a transfer of the
solution:
"In the tomato industry, mechanical harvesting was successful only ~ecause they
were able to develop a variety that could be mechanically harvested. And the
thing that occurred to me to do was to check around, to find out if there (was) a
corn that.is loosely held and more suitable for the kind of mechairical stripping
we were talking about. I made a few phone calls around the country to people I
had worked with in the past who knew something about sweet corn. After two or
three calls, I was directed to one of the key corn breeders in the country.
It turns out that this fellow had been breeding corn for 25 years trying to get a
variety that was very loosely held, for fresh market consumption. But it was a
sweet C9rn without the little pieces of tissue at the base of the kernels that get
stuck in your teeth. He had bred corn with two rows, four rows, square cobs. So
he pulls out (this corn) and shows (it to) me, and it is the type of thing where,
when it is at the proper maturity for processing, the kernels roll right out. He had
just increased the amount" of seed to the point at which he could go to Florida that
winter and grow the first handful for commercial testing. We got the first ·handful, and this year we got the first pound of the seed. We have been able to
evaluate it, and indeed it is the type of raw material that will allow
(mechanical) processing" (7-30).
There is no need for further accounts to illustrate the kind of analogical reasoning
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outlined initially. It should also be clear that the extension of knowledge based upon
the interaction of similar instances is essentially a symmetrical process. For example,
not only did the familiar oper.ation of steroids in the reproduction of certain forms of
life suggest a similar role in the transformation of slime mould, but the knowledge of
the hormone itself changed to include a series of steroids subsequently isolated from all
kinds of moulds. Similar changes occurred with regard to cholesterol, to the enzymatic
procedure proposed to remove toxic compOllllds from certain plants, and to the
bleaching and precipitating effect of citric acid. But it should also be clear from these
aCcOllllts that the transformations did not result from mere conceptual interaction, but
from a process of production and reproduction.
3.3 An:x:Icgy Relatiom and the Opportunistic Logic of Research

"Usually, the beginning of a piece of research is when something strikes a spark
on one's imagination: something one does not know seems a particularly
fascinating thing to try and find out. Partly, the thing itself seems important and
fascinating in its own right, partly, one has intimations that one can fmd it out.
That is where the spark comes in-the intimation that one actually can find it out
gives one a particular thrill that is irresistible. There is a flash, and as with love
one knows that one is in it" (William Cooper, The Strnggles of Albert Woods).
Let us now look at these scientific aCcOllllts of innovation from a different angle, as
aCcOllllts of events in the process of research production. What does the occurrence of
an "idea" based on analogical inference mean in this process? The first thing to note is
that the "ideas" which mark either an analogical transfer or the OCCWTence of a
metaphor take on the character of solutions. We have already noted that the very
significance of analogical reasoning in this context lies in the fact that it brings
knowledge from a familiar, well-known, clear case to bear upon an unclear, less
familiar, problematic situation. Thus, the analogical relation mobilises a resource
which creates an opportmrity for success: since the knowledge mobilised by the analogy
or metaphor has already worked in a similar context, it seems likely that it can.be made
to work, given appropriate modifications, in the new situation.
It is precisely this promise of success to which Albert Woods refers in the quote from
11
William Cooper's tale of an experimental chemist. It is the intimation that one can
actually fmd it out that brings the irresistible thrill. And it is this promise of success
associated with the "WlSatisfied capacity,,12 of the scientists' analogical transfers
which lurks behind the· talk of an idea's "interest".
The most immediate consequence of this line of reasoning points to a difference between the "ideas" of the laboratory and the "hypotheses" of methodological vernacular. If the "ideas" marking an analogical relation display themselves as unrealised
solutions holding a promise of success, then the research associated with such ideas
asswnes a peculiar post hoc quality; that is, the investigation is undertaken only after
the solutlon has been found. Seeing such ideas as unrealised solutions contrasts sharply
with the notion that they are, logically speaking, hypotheses, or ex ante conjectures
about a phenomenon subjected to test in the research process.
Hypotheses are tried against data in order to determine, ultimately, whether they are
true· or false, or one of their weaker substitutes such as confirmedldisconfirmed or
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tenablehmtenable. They require that the data colleqted through research be indepen.,.
dent arbiters of the propositions they contain. Ideas that are actually wrrealised solutions mobilised by an analogical relation C31lllot assume such independence. Umealised
solutions are not tried against data, but made to work by scientists actively engaged in
constructing the results anticipated by the solution. They can be made to work differently by different scientists, depending on practical circumstances, and they are
made to work with different degrees of success.
I do not mean to suggest that realising a solution is a simple, smooth or brieflllldertaking, but instead, that making a solution work raises other questions than those
specified by the language of hypothesis-testing. The standards against which the ideas
of the laboratory are measured do not refer to the world of theoretical interpretation,
but to a world of instrumentation, collaboration, publication and investment. In short,
to a process of production whose products are specified by what can be done. Umealised solutions do not eliminate problems, fruitless searches or outright failures from the
process of research. But they do turn the open grOlllld of unresolved research into the
closed program of a production line. It is unrealised solutions-not problems-which
take the lead in this process of production, and the power associated with unrealised
capacities that drives the research process forward. And where it goes depends upon·.
where its greatest capacities lie.
This does mean, of coUrse, that the opportmristic logic of research has a direction,
even though the direction may be only transient and temporary. The OCClllTence of an
unrealised solution is important to scientists in that they take it as an organising principle for subsequent actions and selections. It provides a principle for reevaluating
previous priorities, and introduces new equivalences. It makes some decision transla~
tions more salient and downgrades others. In a literal sense, it establishes order in the
sense that it provides the very principles of selection upon which continued action is
predicated.
It is interesting to note that unlike what we expect from logic in general, consistency
does not seem to be an inherent part of the order created by an opportunistic logic. The
selections of the research process are not validated on the basis of an impartial individual hearing, but matter primarily in relation to the practical circumstances of action as structured and organised by unrealised solutions.
This explains why it is possible to find an entire research effort built upon a dual
string of decision translations that run counter to each other. Or why such factors as
cost or toxicity may be considered and not considered in the very same project. Decision translations emerge from the frame of reference surrounding an unrealised solution which has taken the lead in a process of research. Given the potential of single cell
proteins, the cost of smashing the cell walls by using liquid CO 2 was conspicuously
neglected.
In general, we cannot explain away the discrepancy between the propagation of a
particular decision translation in regard to an unrealised solution, and its neglect in the
process of realisation by claiming that the scientists had no other choice. For example,
several alternative coagulants were usually available in the protein research, and were
actually explored in the work, as we shall see later on.
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3.4 The Opportunism and the Conservatism of Analogical Reasoning
Referring to the logic of research as opportl!llistic not only brings space and time
back into scientific procedure and dissolves a particular "scientific" rationality into
situated, circwnstantial reasonings, but also points to the scientists' organisation of
selections in terms of perceived opportunities associated with similarity-relations. To
be sure, these opportmrities are actively pursued by scientists, who are not, as I encOlllltered them in the laboratory, llllconcemed tinkerers dallying with the bricolage of
a work of art. The reasoning of the laboratory is personally interested, a point to which
we shall return. The scientists' tendency to respond to "ideas" as "solutions"
manifests this interest, as does their concern with risks.
It is clear that the post-hoc character of the research initiated by a solution does not
rule out the possibility of failure and mistake. As suggested before, 13 solutions as problem translations are themselves problematic, in that they raise fwther problems to be
solved. Realising the idea that steroids might be involved in the transformation of slime
mould posed the problem, first, of isolating the steroids, and then, of proper identification. A scientist's hllllch about how such subsequent problems can be solved is not
always correct, as we have seen in the case of the slime mould. Furthermore, problems
may have to be attended to even if an attractive or reasonably satisfactory solution is
not in sight. To paraphrase Albert WOOdS,14 scientists cannot always lay themselves
open for something to strike a spark on them-they may have to strike a spark on it,
and do so within a limited amollllt of time. This also implies a certain risk of failure.
Scientists at the centre I observed were well aware of these risks. When discussing
new ideas, they displayed a full range of circwnstantial reasoning with which these
risks could be evaluated. Involved with an idea's "interest" were the chances of convincing the research leader of its value, being able to recruit laboratory assistants, finding the necessary equipment, being the first to publish, having time to do the work,
etc. As Rene, a chemist, told me in regard to his own innovative ideas:

"You try to discriminate. You can get one idea a day, or. (in) two days, or one a
week, and you discriminate (in terms of) your time and your ability to use it. You
know, we have idea files, either in our minds or on paper, but you can't spend a lot
of your time on things you don't have the opportunity to perform, or to prove, or
to verify. So you try to limit your interest to the idea you know is going to be most
productive as quickly as possible within the frame of facilities at hand'* (9-27/9,
emphasis added).
The biochemist Holzman's version of this was that he said he usually knew what he
should drop and what he should pick up on. A lot of llllsuccessful scientists, he said,
"are not dumb, they just work on the wrong things". He felt that "if you are up
against terrific competition, there is no sense in struggling. By now, I can gauge these
success factors, and my own secret of success is that I work on things that aren't too
lllllikely to work out" (9-29/4). The scientists I listened to were not only aware of the
risks associated with their analogy-based "ideas", but were also concerned with keeping these risks at a low level.
When scientists follow the. lead of an wrrealised solution, they do not foolishly commit themselves to a jowney of unknown destination and llllcertain arrival time, in
which the chances of getting anywhere at all are poor. Instead, they choose a known
destination at which it seems likely they will arrive not only on time, but ahead of
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everyone else. There seems no reason to believe that scientists are, by nature or by
necessity, devoted to risk taking. Research as a high-risk enterprise may reflect the feelings of those who finance it in hope of obtaining a specific result. It does not reflect the
reasoning of scientists in the laboratory.
Scientists can build their own success on almost any "solution", provided they can
follow its lead and make it work. Consequently, many of their argwnents focus on
securing such opportllllities, and on sorting out the circwnstances which will allow
them "to be nlost productive as quickly as possible within the frame of facilities at
hand". Analogical transfers provide a fmn grOlllld for controlled risks, since they
mobilise a solution which has already been proven to work, albeit in another context.
The scientists' analogy-based innovations imply a conservative strategy in more than
one sense: first, that one starts from an illlfealised solution rather than an open problem; and second, that one follows the lead of ideas which hold the greatest promise of
success, rather than expose oneself to risks and llllcertainties. Generally speaking, the
interest of an "innovation idea" is not that it is new, but that it is old-in the sense that
it ·draws upon available· knowledge as a source for producing knowledge. In this ·process, previous selections are circulated to new areas rather than ·being invented, and
thereby reproduced and transformed. Thus, in so far as analogy-based "discovery"
represents the spatial expansion of previous selections into new territories, it is part bf
"consensus formation" and the solidification of knowledge. If the respective recontextualisation leads to a transformation of scientific objects, it is part of scientific change.
in both cases, the circulated objects enter a process of conversion in a new research
context, and thereby generate new scientific objects. To the scientist, they constitute a
resource mobilised in a process of production.
If this process is characterised by practical reproduction, then the hallmark"of an
analogical extension of knowledge is· not mere "conceptual" interaction, but the
mobilisation of resources for making things work in the ongoing process of laboratory
production, and the transformation of the selections transferred through this process.
Resources are not only "ideas", but available instrwnents, source materials available
from colleagues, effective lines of laboratory action, scientists who might be consulted,
timings, quantifications, successful composition formulae-in short, whatever ·contributes to the mobilisation and instantiation of a.means of production.
In the case of the slime mould, the idea that the hormones involved might be steroids
suggested an array of isolation methods and a laboratory equipped with the necessary
instrwnents, as well as a group of scientists "interested" in the work and ajourmil in
which to publish the results. It triggered the idea of using purified hormones and led,
through laboratory work, to the discovery that the steroids involved differed from
·those fOlllld in the urine of pregnant women. Subsequent research led to the discovery
of steroids in all kinds of moulds, and to the identification and exploration of their
various characteristics.
Just as the analogies relevant here are not simply "ideas", so "conceptual interaction" is not merely "conceptual". The new results initiated by the creation of an
analogy are not just derived from the associations invoked by a striking and llllexpected similarity (as in the li~erary use of analogical reasoning), but are grollllded in the
transformations of knowledge which result from laboratory reproduction. The process
is material, and has material consequences.
.
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3.5 Etlmotheories ofIIlllovation, or the Assumptions Behind ACCOlllltS ofIIlllovation

"You asked me where the origin is-I remember the origin of everything because
it isn't something you simply drift into! (In research) you have a concept based on
somebody else's work, you are standing on somebody else's shoulders, you are
putting two pieces of something else together. But when an idea comes, it comes.
It's not something that develops from a series of routine investigations!
There are maybe half a dozen developments that we have been involved in, and
I think each one has its own origin. There is no pattern to the origin of ideasf If
(emphasis added).
Thus far we have looked at the metaphor theory of innovation advanced by the logic
of science and found that it needs to be extended to include a more general fonn of
reasoning by analogy. We have heard scientific accOllllts of the origin of various
research efforts, and discovered that analogy-based "ideas" are indeed pervasive in
what is considered innovative work. We have been confronted with the social scientist's
interpretation of the role of metaphor and analogical transfer in research production.
And we have qualified this analogical reasoning as "conservative", since it implies a
reproduction and solidification of previous selections, and the controlled risk of
transformations associated with the circulation of scientific objects. We can now
return to metaphor and analogy as the basis for a theory of innovation. To begin, let us
examine some etlmotheories of innovation held by scientists themselves.
The quotation which heads this section is from a chemist, Rene, who had made his
reputation by developing a microbiological assay of proteins using the microorganism
Tetrahymena pyriformis W. In a nutshell, the theory of innovation contained in his
statement is a version of the "lightning bolt" theory of creativity, which holds that
ideas come out of the blue, rather than emerge as the (logical) result of previous investigations. But before the conversation was completed, he suggested two other
theories of innovation. For example:
"
as far as the innovations are concerned, I think it means
. perceiving what
the state (of affairs) is and taking what, in your mind, is the next logical step.
Maybe that's what creativity is-summing everything up, putting it togeth"er, and
getting a new answer.
. It's a logical, a logical -:;equence of events which may
not (look) so logical to someone else, and it ends up being 'creative'. But I think
most of it is going down the path, exploring and prospecting the road as you go
along" (emphasis added).
Later, while discussing the group's "fortuitous" observation, during an experiment on
a physical effect ofhwnidity, that there was an optimwn where they had expected a
linear decreasing relationship, Rene said:
"
so this was an anomaly, right? The trick in all this, in what you might call
innovations, is obsen:ing the anomal~what is different about this set of
characteristics? And I think if you characterise any of the accomplishments (of
science) it says: you tried something, you did something, you fOlmd an anomaly,
.a nd (you investigated) the reason for the anomaly. Investigate the anomaly!"
(8-511, emphasis added).
In addition to the lightning bolt theory of innovation, we are exposed to a "logical"
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theory in which discovery is nothing more than one step in a logical seri~s of events,
and an "anomaly" theory in which innovation is bred by the occurrence of llllexpected
events and relationships. These etlmotheories of innovation appear to contradict one
another, especially since they were promoted by a single scientist in regard to a single
context. Yet there is no necessary contradiction. "Ideas" can indeed be triggered by
anomalies which require explanation. And while the occurrence of an "innovative
idea" may seem pure chance in terms of prediction, it can also be a step in a logical sequence of events when one reconstructs a research problem after the fact. What actually happened, then, is that the scientist looked at a single process from three points-ofview, and his theories reflect different aspects of this process. He also answered
somewhat different questions in each of his theories.
Let us now consider the social scientist's theory of innovation by means of metaphor
or analogy. It adds to the picture painted by the above ethnotheories in that it tells us
something about how an "idea" leads to a creative extension of knowledge by mobilising knowledge from a different context. Yet like the etlmotheories of innovation, it
proceeds selectively. For example, it does not address the question of when an innovative idea tends to occur (as does the anomaly theory). Nor does it consider the
question of. how an innovative idea relates to preceding research (as does the logicfll
theory).
More important, the metaphor/analogy accOllllt of innovation is based on a series of
assumptions which tend to obscure, rather than illuminate, the process of practical
research. A theory of innovation which draws upon metaphor and analogical transfer
is streamlined in tenus of a clearly identified, successful end-product of investigation.
It begins by assuming the existence of an innovation with a name and an author,
located in time through publication or participants' accounts. In other words, it
assumes that the "who", "when" and "what" of an "innovation" or "discovery"
have been settled (or can be settled by means of further enquiry), and answers the question "how" by reference to conceptual interaction and the extension of knowledge induced by establishing a similarity relationship.
However, "innovations" are embedded in a past and future of constructive (and
destructive) work. When we look at this process in sufficient detail, we see that questions of date and authorship are not settled by the mere existence of a phenomenon
called innovation, nor do they seem to get settled through close empirical studies of the
phenomenon. Instead, clearcut answers to such questions require that decisions be
made about what is and what is not significant with a view to the end product of innovation.
F or example, we caIlilot assume that the person who invokes an analogy, the one
who works out the experiments and the one who gains credit for the work are one and
the same. The comparison cited earlier between protein and sand was made by a scientist who had nothing to do with the research in question, and arose from a simple chat
between colleagues. Needless to say, the question of an "idea's" authorship is by no
means settled by the scientists themselves, and one need not cite disputes over priority
in the published literature to see this point illustrated. In accounts of "their own" innovations, the scientists often blurred what they had to say about the origins. For example, the biochemist who told me about the discovery of cholesterol in plants began
by saying that "they (his colleagues) pooled their resources-and, uh, of course, mine
too-and together we came up with the conclusion that this was in fact cholesterol",
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only to end up, some 15 minutes later, talking about "ray idea that cholesterol is pre"
sent in all plants.
Questions of authorship and the timing of innovation are the established battlefield
for historians of science, and as such need not bother the theorist interested in the logic
of conceptual interaction. But to a degree they will bother the social scientist who
observes a process of research. Does one credit the scientist who jokingly points to a
similarity, or the one who links the idea to a workable procedure? The post-doctoral
researcher who performed the experiment, or the technicians and research leaders?
And what does one COllllt as the "origin' *, apart from the question of who was the
originator? \\Thy not the observation that the urine of pregnant women stimulates the
transformation of the slime mould, rather than the "idea" that steroids may be in..
volved in that transformation?
Of course, these questions are of an analytic rather than practical nature. In practice,
the necessary decisions are routinely made in an ad hoc fashion, and vary among different pwposes and observers. The metaphor or analogy theory of innovation does not
specify which decision criteria should be preferred in such cases. And the observer of
laboratory research C31lllot as yet dispose of the integrating principle of an
acknowledged and identified" innovation" for which a history can be reconstructed.
This brings us to a second point about the asswnptions implicit in the metaphor or
analogy theory, and one which is relevant as long as this theory claims to be one of innovation. As indicated earlier, this theory tries to explain the (conceptual) origin of innovation by starting from the successful end products of research-those which qualify
as "innovations". Having presupposed that innovation is a given, llllproblematic
phenomenon, the theory then jwnps to an "origin" located in the conceptual sphere.
We can also say that it identifies innovation with the conceptual OCCWTence of an
analogy or metaphor, since it virtually i?nores the process of research production
which ties these two end-points together. 1
Questions of timing and authorship refer us to this process, yet they are only part of
the more general question of how a research result becomes an "innovation". It is hard
to see how this question could be approached without due consideration of the process
of production and reproduction of research, for it is here that the ideas· of the
laboratory are twned into "innovations". In consequence, any theory of innovation
will have to be grollllded in this process.
3.6 A Metaphor- or Analogy-Theory of Failure and Mistake
To expolllld the thesis, let us suppose for a moment that we are not interested in a
theory of scientific innovation, but in one of scientific failure and mistake. The
laboratory provides ample evidence of such failures. Indeed, all we have to do is to take
one of the accollllts of "innovation" presented earlier and place it into an ever larger
context of ongoing research which surrollllds it. What we end up with is a genealogy of
failures which at one point seemed to be (or actually were) successful innovations. For
exampie, the use of ferric chloride to precipitate protein (see Chapter 2) was embedded
in a whole chain of similar" ideas", each involving an analogical transfer, and most
leading to specific research efforts.
To choose an arbitrC).Ty starting point, the first such transfer involved phosphoric
acid. The method had just been published and docwnented in a biochemical context. It

64

seemed particularly attractive since the major author also worked at the research centre. "Having access to the method's author meant a quick transfer of know-how
resulting in an easier proce.ss of adaptation. It could also mean collaboration, and consequently, access to equipment, material and laboratory-assistance pretrained for the
purpose.
But after further exploration, interest in the method faded away, since the previous
context did "not really match" the new situation. For example, the experiments had to
be conducted llllder nitrogen, which was difficult in the large-scale laboratory needed
to generate large "quantities of protein. Moreover, another paper suggested that
phosphoric acid would generate toxic side-effects. And finally, the method could prove
very expensive on a large scale. Nevertheless, the method was pursued until one scientist happened to read about femc chloride, which immediately struck him as a "better
idea" .
The "discovery" of femc chloride not only sealed the fate of phosphoric acid as a
non-solution, but also marked a change in the research focus. As we have heard in
Chapter 2, the generation of protein from plants became a research topic in its own
right, replacing the original interest in doing biological assay tests with rats (for· which
large amounts of protein were needed). Femc chloride was made to work in subsequent
,
experiments, and the resulting proteins were highly soluble-a property considered
highly desirable.
So femc chloride proved to be a success and Temained so throughout the period of
observation, as indicated by a quickly published paper dedicated to the promotion of
the method. More specifically, it was a success from the point of view of protein
generation. This success was threatened, however, so long as the protein could not be
adequatelypurified. As a result, much effort went into an attempt to solidifY the success by finding a means of purification.
One idea was suggested in a somewhat ad hoc fashion when, on the eve of a largescale experiment, it was discovered that the laboratory had run out of the necessary adsorbing agent. Since the date of the experiments could not be changed, there was no
time to order the chemicals. In the somewhat nervous discussions which followed, a
colleague suggested an adsorbent which had worked in his previous research on.proteins. The other scientists did not seem intrigued with the idea, expecting that it would
be difficult to remove the adsorbent from the proteins. Yet once they got started, attempts to purify the protein with this adsorbent agent went on for several months.
At one point, the results were enthusiastically described as "better than anything
achieved so far", the implicit reference being to another group at the institute which
had failed "for 25 years" to isolate and purify a similar protein. However, this success
was short-lived; after they looked at the results of chemical composition tests, the
scientists qualified it as an artifact. Shortly thereafter, the attempt to work with this adsorb~nt was abandoned altogether.
While these efforts to use the adsorbent were still under way, the "idea" of using
citric acid was picked up from the research leader's travel report, as mentioned before.
As it turned out, citric acid could not only be used in place of the adsorbent to alter the
4isturbing properties of the proteins, but could also substitute for femc chloride as a
method of protein generation. The experiments were begun in the autumn of 1976,
toward the end of my observations, and mark the beginning of the deconstruction of
the success offemc chloride. This decohstruction was not completed until 18 months
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later, when some of the data on citric acid were ftnally analysed and reported in a paper
demonstrating its advantages over ferric chloride.
Some such demonstration had. been anticipated when the scientists twned to using
aluminium sulphate instead of ferric chloride, an "idea" which came up in a discussion
with a visitor from Israel who suggested that it had been used in the context of environmental research in his COlllltry. Since the resulting proteins had a lower nitrogen
solubility and other less desirable properties than those obtained with ferric chloride,
the method had been qualified as a failure. However, this did not prevent the scientists
from publishing the results in a paper which compared several methods. At the time,
this failure had strengthened, rather than threatened, the potential of ferric chloride.
In the meantime, two other research lines have been actively pursued. One involves
the chemical modification of the protein molecule, a procedure which allows for
engineering the properties of the proteins. As a consequence, all of the previously "successful" methods may be deconstructed, smce protein properties are no longer a
decisive criterion for their success or failure. Note, however, that this potential
deconstruction did not hinder the scientists from promoting citric acid as a successful
coagulant in a paper which has been submitted for publication. The second effort involves an enzymatic weakening and subsequent mechanical destruction of the cell walls
of certain microbes in order to obtain the protein fOlllld in the cell juice. Since these
microbes are available in immense quantities, the potential of this procedure also bodes
ill for the use of femc chloride, or its present substitute, citric. acid.
The last two procedures are too new to predict their eventual fate (although there are
indications that the chemical engineering of proteins will be abandoned because of the
associated hazards). 16 But the fragments of the process presented above demonstrate
that one need not go outside the laboratory to obseIVe the demolition and replacement
of previously successful innovations: the scientists themselves constantly engage in
such deconstructions and transformations.
Moreover, many ideas which seem "innovative" and "promising" in the labor.atory
do not work out llllder practical circwnstances, or are abandoned before being tested
experimentally. Our genealogy of methods used in protein generation, beginning with
the projected use of phosphoric acid and continuing through ferric chloride (and its
ramifications) to alwniniwn sulphate and citric acid, includes both kinds of failure.
Since the origin of each method is marked by the circulation or a "displacement" of
knowledge from one context to another, why not propose a theory which traces the
origin of scientific failure back to the OCCWTence of analogical reasoning?
The point here is simple but consequential: analogical transfers of "ideas", as well
as metaphors, are routine features of both scientific and everyday reasoning. Theyoccur as often in the case of "blind alleys", "degenerative problem-shifts", or simple
failures to make something work as they do in "innovative" successes. Thus, a theory
of innovation which limits itself to an accollllt in terms of conceptual interaction induced by analogical relations must recognise that it is at the same time a theory offailure
and mistake. It does not discriminate between the differing degrees of success that
analogy-based "ideas" encollllter in the process of research. Without a due consideration of this process, the fate of "ideas" remains llllcertain. I have said that" ideas"
based on metaphor or analogical transfer orient research in terms of the resources they
mobilise and the investment opportllllities they open up. Closure of this process is
achieved through the active constructions of the laboratory; that is,through negotia-
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tion and instrumental fabrication. Innovations, then, <tIe not the beginning, but the
transient and temporary end-product of this process.

3.7 Conclusion
\\That conclusions can we draw with respect to the metaphor theory of innovation?
We have heard that invoking a metaphor or an analogy mobilises a source-model
(Harre) which serves to illwninate a new situation. This is lllldoubtedly why ancient
rhetoric, demagogy and the more general art of persuasion make such systematic use of
analogical relations. 17 Yet the invocation of a metaphor or an analogy is not in itself a
piece of "scientific innovation". Research products classified as scientific innovations
ll"ll:st include a crucial element of construction and success: success in the laboratory,
success in its adoption by other scientists, success in convincing others that the product
is in fact an "innovation".
The metaphor theory of innovation does not look at the fabrication and negotiation,
or the construction and deconstruction which either establishes or demolishes a "scientific innovation". We have said that the metaphor accOlmt of innovation must be extended to include analogy in general, but it must also be restricted in its claim that it acCOllllts for s'cientific innovation. Reference to metaphor and analogy tells us something
about the sources and consequences of problem shifts, and about the circulation and
traniformation of selections in scientific-as well as everyday-practical reasoning. It
suggests how scientists come to be intrigued by analogy-based "ideas", qualified as
"solutions", and why their Tesearch is orientated by the "opportllllities" they provide.
But reference to metaphor or analogy tells us nothing about whether the problem
shifts will be, in Lakatos' terms,18 progressive or degenerative; that is, whether they
will be viewed as failures, or as innovations. Studies of metaphor and analogy in
sci·ence are only concerned with those similes and conceptual shifts that have made
their way into the literature. But the process of research production and reproduction is
more complex than the equation of metaphor and innovation suggests.
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