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Abstract
Stein has raised a fundamental problem for any attempt to characterize instrumentalism
and realism as substantive alternatives. This is the distinguishability problem, which
consists in the problem of developing a form of instrumentalism (or realism) that
is substantially different from a plausible realist (or instrumentalist) alternative and
the problem of showing that this form of instrumentalism (or realism) does justice
to actual scientific practice. Using Stein’s own discussion of Maxwell, I formulate
instrumentalism and realism as a scientist’s attitudes toward models, where an attitude
is understood to be a complex of the scientist’s belief and intention regarding models.
Developing a case study of Benzer’s modeling practice, I show that each attitude can
structure inquiry differently and argue that to understand certain aspects of scientific
practice, such as the practice of genetic mapping in Benzer’s work, we sometimes
need to appeal to the coexistence of these attitudes.
Keywords Realism · Instrumentalism · Models · Genetic mapping · Seymour
Benzer · Howard Stein

1 Introduction
In his 1989 paper “Yes, but …Some Skeptical Remarks on Realism and Anti-Realism,”
Howard Stein wrote:
[T]he issue between realism and instrumentalism seems to me not to be clearly
posed; and what I really believe is that between a cogent and enlightened “realism” and a sophisticated “instrumentalism” there is no significant difference—no
difference that makes a difference. (Stein 1989, p. 61)
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In the paper, Stein urged the instrumentalist and realist to do justice to actual scientific
practice, particularly how a scientist actually uses theories and models as well as what
justifies or explains her reliance on empirically successful theories and models in
inquiry. To the instrumentalist, Stein pointed out that not only does a scientist use a
theory or model to calculate experimental outcomes, but she also uses it to represent
phenomena as well as to generate hypotheses for further inquiry (Stein 1989, p. 49).
Traditionally the instrumentalist focused on the first of these roles of theories and
models, while the realist (e.g., Boyd 1981) has emphasized the other two roles. Thus,
Stein said, “the instrumentalist himself, if he wishes to do justice to the role actually
played by theories in science, had better extend …his conception of what theories are
instruments for” (Stein 1989, p. 52). This “sophisticated” instrumentalist accepts what
the realist has said about the role of theories and models in inquiry.
To respond to the realist, Stein emphasized that one of the most fruitful methodological principles in science is to use empirically successful theories and models
as the conceptual foundations for one’s inquiry. The realist has traditionally claimed
that only realism can justify this principle (or explain its fruitfulness): one ought
to adopt this principle because empirically successful theories and models provide
approximately true descriptions of reality (e.g., Boyd 1983, pp. 64–65). However,
Stein argued that the realist must not claim too much (Stein 1989, p. 52). If the
realist means that empirically successful theories and models can provide true descriptions of transcendental reality or the reality behind phenomena, he faces formidable
epistemological problems.1 Thus, Stein suggested that the realist should claim only
that empirically successful theories and models adequately represent phenomena
(Stein 1989, p. 50). This “cogent and enlightened” realism, however, is no longer
the only way to justify the methodological principle in question. For, as Stein says,
“the instrumentalist ought to adopt [this principle] on the grounds of the evidence
for [its] instrumental success. …In short, the instrumentalist’s own principles entail
no prohibitions: what the realist can do, the instrumentalist can do also” (Stein
1989, p. 52).
Stein’s paper thus raised a fundamental problem for any attempt to characterize
instrumentalism and realism as substantive alternatives. Today, the problem is acute for
instrumentalism because the most influential varieties of instrumentalism—semantic
and epistemic instrumentalism—seem to fail to do justice to scientific practice or
collapse into realism. Semantic instrumentalism is the view that what a theory or
model says about the unobservable part of the world is not truth-conditioned and
is merely a linguistic devise to efficiently make inferences among claims about the
observable part of the world (Psillos 1999, p. xix; Stanford 2006a, pp. 191–192).
This is the sort of unsophisticated instrumentalism that Stein rightly accused of failing to do justice to scientific practice (see also, Psillos 1999, pp. 17–39; Stanford
2006a, pp. 188–193). According to one version of epistemic instrumentalism, predictive success of a scientific theory or model is evidence that it is a reliable instrument
for achieving our practical ends rather than evidence that it is approximately true
of the world. Consequently, we should only make practical use of a predictively
successful theory or model without believing what it says about the world (Fine
1 See, e.g., Fine (1984, pp. 84–86, 99–100).
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1986, pp. 156–157; Stanford 2006a, pp. 193–194). Again, this does not do justice
to scientific practice because one of the ends for which scientists use theories is to
describe the world, and this involves believing what the theories say about the world.
Stein made this point by recounting what Eugene Wigner said about a role of quantum
theory:
He [Wigner] remarked that it is often claimed that all one ever does in quantum
theory is calculate the results of scattering processes. But, said Wigner, while
this is almost true, it is not quite true; one also uses quantum theory, for example,
to calculate the density of aluminum. (Stein 1989, p. 49)
To use quantum theory to calculate the density of aluminum is to believe what the
theory says about it.
So Stein’s problem is serious for instrumentalism. Let us call it the distinguishability
problem for instrumentalism. It has two parts: (i) the problem of developing a form of
instrumentalism that is substantially different from a plausible realist alternative and
(ii) the problem of showing that this form of instrumentalism does justice to actual
scientific practice.2
This paper presents a solution to the distinguishability problem. Sections 2 and 3
address the first part of the problem. I begin by drawing a key lesson from Blackburn’s
(2002) formulation of the distinguishability problem and the response due to Stanford
(2006a, b, 2015, 2016) (Sect. 2). The lesson is that it is promising to conceive instrumentalism and realism as a working scientist’s distinct attitudes, attitudes that can
structure her inquiry differently. With this in mind, I revisit Stein’s paper to articulate
the distinct forms of instrumentalism and realism as attitudes of scientists, and I also
discuss his suggestion that instrumentalism and realism can coexist in inquiry (Sect. 3).
Sections 4 and 5 address the second part of the distinguishability problem through a
detailed analysis of scientific practice. Since scientific practice is quite heterogeneous,
it would be promising to deal with the distinguishability problem by focusing on a
specific case of scientific practice.3 Accordingly, I develop a detailed case study of
Seymour Benzer’s practice of genetic mapping, which exemplifies a prominent modeling practice in molecular genetics (Sect. 4). This case is important because Benzer’s
practice was structured by both instrumentalist and realist attitudes (Sect. 5).4 The case
thus suggests that sometimes we should embrace both instrumentalism and realism as
interpretative resources to understand scientific practice.
2 A version of this problem was famously raised by Nagel (1961), who argued that there is only a verbal difference between instrumentalism and realism. For a recent survey of this problem, see (Stanford
2016, pp. 325–328; Stanford 2015, pp. 102–108).
3 Such an approach has been taken by Sober (1999, 2002). He has formulated a form of instrumentalism

according to which the goal of scientific inference concerning statistical models with adjustable parameters
is predictive accuracy rather than truth, and argued that it helps make sense of common features of statistical
inference, such as testing and accepting hypotheses that are known to be false.
4 In addition, Benzer’s modeling practice, which made fundamental contributions to molecular biology,
deserves more philosophical attention than it has received. For a pioneering philosophical treatment, see
Weber (1998).
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2 The distinguishability problem
The first part of the distinguishability problem is the problem of formulating instrumentalism that is substantially different from a plausible realist alternative. To address
this problem, my strategy will be to formulate instrumentalism as a scientist’s attitude.
To explain what this means, first let me describe a principled version of this problem.5
2.1 Blackburn’s version
Blackburn (2002) takes van Fraassen’s constructive empiricism as a form of instrumentalism. The constructive empiricist, according to van Fraassen, believes what an
empirically successful theory says about observable phenomena but remains agnostic
about what it says regarding the unobservable parts of the world. To accept a theory,
for the constructive empiricist, involves the belief only in the empirical adequacy of
the theory, whereas for the realist, acceptance involves the belief in the truth of the
theory (van Fraassen 1980, pp. 8–12). The constructive empiricist and the realist differ
in their epistemic attitudes toward a theory, but van Fraassen is quick to add that
acceptance [of a theory] involves not only belief but a certain commitment. Even
for those of us who are not working scientists, the acceptance involves a commitment to confront any future phenomena by means of the conceptual resources
of this theory. …There are similarities in all this to ideological commitment. A
commitment is of course not true or false: the confidence exhibited is that it will
be vindicated. (van Fraassen 1980, pp. 12–13)
The constructive empiricist does not believe in the truth of a theory she accepts but is
committed to make full use of it in describing, predicting, and explaining phenomena.
To use van Fraassen’s term, the constructive empiricist immerses herself in the theory
that she accepts.6 This is a form of instrumentalism (see also Fine 1986, p. 157; Fine
2001).
Blackburn argues that a scientist who is fully immersed in a theory is indistinguishable from the one who believes in the truth of the theory (Blackburn
2002, pp. 126–128). He says:
The problem is that there is simply no difference between, for example, on the
one hand being animated by [i.e., immersed in] the kinetic theory of gases,
confidently expecting events to fall out in the light of its predictions, using
it as a point of reference in predicting and controlling the future, and on the
other hand believing that gases are composed of moving molecules. There is no
difference between being animated by a theory according to which there once
existed living trilobites and believing that there once existed living trilobites.
(Blackburn 2002, p. 127)
5 Stein’s version of the distinguishability problem is contingent on how scientists actually work, for his
point is that trying to do justice to actual scientific practice makes it hard to distinguish between realism
and instrumentalism. The version of the problem I describe below is not contingent in this way.
6 For this terminology, see van Fraassen (1980, pp. 80–82).
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For van Fraassen, acceptance of a theory has the epistemic dimension concerning
the belief in its truth or empirical adequacy as well as the pragmatic dimension concerning a commitment to make full use of the theory (i.e., immersion in the theory).7
Although van Fraassen admits that the constructive empiricist and the realist agree
in the pragmatic dimension, he insists that their difference in the epistemic dimension is not abolished by their agreement in the pragmatic dimension. For, he says,
“Belief that a theory is true, or that it is empirically adequate, does not imply, and
is not implied by, belief that full acceptance of the theory will be vindicated” (van
Fraassen 1980, p. 13; emphasis mine). But this latter belief is not the same as commitment. Thus, van Fraassen’s argument leaves open the possibility that belief and
commitment are not so independent. And Blackburn is pursuing this possibility, for
his point is that if the constructive empiricist has a commitment to a theory, she cannot draw a substantive distinction between her belief concerning the theory from the
realist’s belief in the truth of the theory. As Blackburn says, “What can we do but
disdain the fake modesty: ‘I don’t really believe in trilobites; it is just that I structure
all my thoughts about the fossil record by accepting that they existed’?” (Blackburn
2002, p. 128). Thus, Blackburn raises a potential distinguishability problem for constructive empiricism: the agreement in the pragmatic dimension between constructive
empiricism and realism may abolish any substantive difference they might have in the
epistemic dimension.8
2.2 Stanford’s response
Stanford has recently taken up the distinguishability problem. His strategy is to distinguish the instrumentalist from the realist in the epistemic dimension in such a way that
they will be different in the pragmatic dimension as well. First, concerning the epistemic dimension, Stanford points out that the realist adopts an instrumentalist attitude
toward an empirically successful but superseded theory, such as classical mechanics.9 The realist can do this because she can believe what classical mechanics says
about the world insofar as she can understand it in terms of relativistic mechanics
toward which she adopts a realist attitude. From this observation, Stanford articulates a version of instrumentalism that he thinks does not collapse into realism. The
instrumentalist believes what a given theory says about the world insofar as she can
understand it in terms of another theory—including our commonsense claims about
everyday experience—toward which she adopts a realist attitude. The epistemic difference between instrumentalism and realism is simply that the instrumentalist adopts
the instrumentalist epistemic attitude toward a wider range of theories than the realist
(Stanford 2006a, pp. 197–211; Stanford 2015, pp. 116–125; Stanford 2016, pp. 328–
333).
7 The ‘pragmatic dimension’ is van Fraassen’s own terminology (van Fraassen 1980, p. 13).
8 Whether or not the constructive empiricist can solve Blackburn’s problem is not important for my purpose

here.
9 The realist in Stanford’s discussion appears to be a strong realist, but the present point also applies to
more modest selective realism because the selective realist adopts an instrumentalist attitude toward parts
of a superseded theory. I will discuss modest realism later.
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Second, concerning the pragmatic dimension, Stanford argues that the instrumentalist will be substantially different from the realist, especially if we consider a scientist
who adopts the instrumentalist epistemic attitude toward a currently successful theory
because of historical considerations.
Consider, for example, those scientific instrumentalists whose conviction is
inspired in one way or another by reflection on the historical record of scientific inquiry itself. Such instrumentalists typically do not share the realist’s
expectation that the most powerful and successful theory we now have concerning a given domain of nature will retain that position indefinitely as our inquiry
proceeds. Instead, such an instrumentalist expects that, in the fullness of time,
even that theory will ultimately be replaced by a fundamentally distinct and still
more instrumentally powerful successor that she is in no position to specify or
describe in advance. (Stanford 2016, p. 332)
According to Stanford, the historically motivated instrumentalist’s immersion is provisional in that she does not expect her commitment to a currently successful theory
to be vindicated in the future. On the contrary, she expects that it will be replaced by
a more instrumentally powerful theory.10
Stanford goes on to argue that the historically motivated instrumentalist is quite
different even in the pragmatic dimension:
A scientific instrumentalist of this historically motivated variety will be systematically more sanguine than her realist counterpart concerning the investment of
time, attention, energy, taxpayer dollars, and other limited resources in attempts
to discover and develop theoretical alternatives that diverge in fundamental ways
from or even directly contradict the most powerful and impressive scientific theory we have in a given natural domain. …In stark contrast to the realist, she fully
expects this search to ultimately attain its intended object. Such an instrumentalist does not say, with Blackburn, “I don’t really believe in genes, or atoms, or
gluons; it is just that I structure all my thoughts by accepting that they exist.”
Her thoughts, her expectations, and even her pursuit of scientific inquiry itself
are all structured quite differently than they would be if she believed that our
best current theories of inheritance or of the minute constitution of matter were
even approximately true. (Stanford 2016, p. 333)
According to Stanford, the instrumentalist has different commitments than the realist.
The instrumentalist is committed to an empirically successful theory only in a provisional way, and she is more strongly committed than the realist to the exploration of
theoretical alternatives.
Stanford’s instrumentalist may be distinct from a rather strong realist whose immersion in a theory is not provisional. But Stanford’s instrumentalist may not be so
distinguishable from a modest realist of the sort characterized by Philip Kitcher.11
Kitcher says:
10 This is different from the constructive empiricist’s immersion, which is not provisional. As we saw, for
van Fraassen, a commitment comes with the confidence that it will be vindicated.
11 I thank an anonymous reviewer for suggesting this line of criticism of Stanford.
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Our predicament is very like that of the historian who writes a detailed narrative
of a complex sequence of events: each sentence is well-grounded in archival
research, so that belief in the truth of the individual parts of the story is justified;
yet, as any reflective historian knows, there may be missing perspectives that need
to be supplied by others, so that those who come later will disentangle truth from
falsehood in ways that are presently unspecifiable; for the moment, the historian
reasonably expresses confidence about each component of the narrative, while
admitting that it’s overwhelmingly probable that there’s a mistake (or a faulty
conceptualization) somewhere; an analogous attitude is expressed in a modest
realism about the sciences. (Kitcher 2001, p. 19)
By “our predicament,” Kitcher is referring not only to realists reflecting on science but
also realist scientists themselves. Kitcher’s realist will be immersed in a theory only
provisionally because she expects that her theory will be revised in various ways in
the future. Thus, Kitcher’s fallibilist realism can motivate the kind of transformative
research that Stanford thinks only the historically-motivated instrumentalism can. This
suggests that the distinguishability problem is likely to arise for Stanford.
Stanford’s attempt to characterize a distinct form of instrumentalism seems to
fall short precisely because he tries to characterize the pragmatic dimension of the
instrumentalist as a consequence of the epistemic dimension. This is not to suggest
that the epistemological debates over realism and instrumentalism are wrongheaded.
But the epistemic dimension may underdetermine the pragmatic dimension. Thus, to
address the distinguishability problem, I suggest we explicitly incorporate the pragmatic dimension into the formulation of instrumentalism and realism.
2.3 Instrumentalism as a scientist’s attitude
In characterizing instrumentalism, van Fraassen, Blackburn, and Stanford refer to the
instrumentalist’s commitments and the structure of her thoughts and expectations,
including her willingness to pursue theoretical alternatives. In describing his realism,
Kitcher too describes the thoughts and expectations of a realist scientific agent. This
suggests that the contents of instrumentalism and realism can be stated by characterizing agents: the instrumentalist scientist and the realist scientist. One way to characterize
these agents is to describe their attitudes that structure their inquiry: complexes of their
beliefs, desires, expectations, and/or intentions relevant to their inquiry.12 In addition,
to solve the distinguishability problem, the instrumentalist’s attitude must be capable
of structuring an inquiry differently than the realist’s attitude.
To characterize these attitudes, it is helpful to refer to intentions. For a scientist’s
intentions play a role in planning and coordinating her actions in the course of inquiry.
12 My use of the term ‘attitude’ is not to be confused with a common terminology in action theory.
Action theorists usually refer to desires as pro-attitudes and distinguish them from beliefs (e.g., Davidson
1963, pp. 3–4). In Davidson’s theory, a pair of a person’s pro-attitude and belief about an action is called her
“primary reason” (Davidson 1963, p. 4) for the action, and it is the primary reason that explains the action.
What I call an attitude here functions like Davidson’s primary reason in that it forms part of an explanation
of a scientist’s practice.
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Michael Bratman has developed a detailed account of intentions by focusing on their
role in planning actions. For Bratman, an intention is an element of a partial plan.
We form future-directed intentions as parts of larger plans, plans which play
characteristic roles in coordination and ongoing practical reasoning; plans which
allow us to extend the influence of present deliberation to the future. Intentions
are, so to speak, the building blocks of such plans; and plans are intentions writ
large. (Bratman 1987, p. 8)
For example, suppose I plan to develop a representationally adequate model of some
system. My plan, of course, is not fully worked out yet, and it need not be; ordinarily
we make a partial plan to coordinate our actions. Now, I intend to somehow use my
inadequate model to develop a more adequate model. My intention is part of my overall
plan and structures my inquiry: I analyze the inadequate model thoroughly to find out
how it might be improved; I study various modeling methods to see if I can use them
to make improvements; I do not easily give up on my strategy and try to construct a
new model from scratch; and so on.13
This concept of intention helps organize the points regarding the pragmatic
dimension of instrumentalism made by van Fraassen, Blackburn, and Stanford. Van
Fraassen’s view that the constructive empiricist is committed to make full use of
a theory she accepts implies that she intends to make full use of the theory in her
inquiry. Part of Blackburn’s criticism can be interpreted as a claim that if there is no
difference between what the realist intends to do with a theory and what the instrumentalist intends to do with the same theory, then the realist and instrumentalist are
indistinguishable. And Stanford attempts to characterize the instrumentalist whose
intentions are different from the realist’s. Stanford’s historically motivated instrumentalist intends to explore theoretical alternatives in ways that the realist does not. But
Kitcher’s fallibilist realist may hold similar intentions as Stanford’s instrumentalist.
Characterizing instrumentalism and realism as attitudes of agents has other virtues.
First, it gives us conceptual resources to interpret scientific practice. We can understand
a scientist’s practice by explaining how it results, at least partly, from her attitude
towards models and their role in scientific inquiry. Second, it also brings to the fore
Stein’s demand that instrumentalism and realism do justice to actual scientific practice.
We meet this demand to the extent that instrumentalism and realism understood as
attitudes give us a cogent interpretation of scientific agency and practice.

3 The “Yes, but” revisited
In the “Yes, but” paper, Stein argued that James Clerk Maxwell was an instrumentalist
when he used his mechanical models of the electromagnetic field—the ether models—
“as mere aids” (Stein 1989, p. 61) to develop a system of equations governing the
dynamics of that field rather than “as plausible proposals about the true constitution
of the ether” (Stein 1989, p. 61). At the same time, according to Stein, Maxwell
was also a realist when he used the ether models to construct a detailed mechanical
13 Bratman’s planning theory of intention seems to me to be relevant to philosophers trying to understand
scientific practice, because a large part of that practice is making and adjusting plans for research.
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account of the electromagnetic field (Stein 1989, pp. 62–64). Stein contrasted Maxwell
with two other scientists, Henri Poincaré and Lord Kelvin, and claimed that the latter
two failed to understand the proper role of theories and models in scientific inquiry
because of excessive adherence to instrumentalism (in the case of Poincaré) and realism
(in the case of Kelvin). According to Stein, Poincaré regarded the ether as a useful
fiction for organizing our experience, but failed to take the ether model as a source
of important hypotheses and questions about the electromagnetic field—for example,
whether momentum exchange occurs with the ether (Stein 1989, p. 56). Kelvin, on
the other hand, demanded that the ether model provide an accurate description of the
nature of the electromagnetic field and could not take the model merely as a tool for
developing a better system of equations. He remained skeptical of Maxwell’s equations
since he failed to find a satisfactory mechanical model of the ether (Stein 1989, p. 64).
Poincaré’s and Kelvin’s attitudes may be so extreme that we can easily identify them
as instrumentalist and realist. But Stein readily identifies realist and instrumentalist
attitudes in Maxwell, suggesting that the less extreme forms of these attitudes also have
substantive differences. Thus, in this section, I use Stein’s interpretation of Maxwell
as a plausible starting point for formulating instrumentalism and realism as distinct
attitudes of a scientist.
3.1 The instrumentalist attitude
Let us look at what Stein says about Maxwell’s instrumentalist attitude:
When Maxwell proposed his great theory, he called it a dynamical theory of the
electromagnetic field; and explained that he used that term because the theory
postulated the existence of matter in motion in all the regions within which
electrical and magnetic interactions occur …. In his first attempt to work out a
theory of this kind, he made, tentatively, detailed assumptions about this matter,
that is about what was called the “ether”; but he regarded these hypotheses as
mere aids to the development of the theory, not as plausible proposals about the
true constitution of the ether. When the theory was fully worked out, Maxwell
uncoupled it from the earlier detailed ether model …(Stein 1989, pp. 61–62; the
second emphasis mine )
By the “ether model” Stein here refers to Maxwell’s detailed assumptions and hypotheses about the ether. The italicized sentences point to Stein’s understanding of the
instrumentalist attitude.
First, Maxwell used the model as a mere aid to the development of a more adequate representation of the electromagnetic field, which is what Stein refers to as the
“theory” in the above passage, and Maxwell discarded the model once the theory was
developed. Maxwell’s practice indicates his intention to use a model only as a mere
aid to the development of a more adequate representation. This intention has an instrumentalist flavor because the model being used as an aid need not be retained as part
of the conceptual foundation of a more adequate representation. The model is like a
scaffolding, which can be removed once the construction is done.
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Second, Maxwell believed that the ether model did not provide a plausible representation of the true properties of the electromagnetic field. This belief cannot be
that the model does not represent anything at all in the sense that it has no semantic
content. For a model just is an interpreted entity: it must at least be a representation of
something real or hypothetical. Thus, the instrumentalist’s belief is that a model does
not provide an adequate or plausible representation of the true properties of the system
of interest. It is not about whether a model has semantic content but rather about how
adequately the model serves (or can serve) as a representation of phenomena.
Putting these points together, the instrumentalist attitude can be seen as a complex
of a scientist’s belief and intention regarding models:
(I-Belief) A belief that a given model does not provide an adequate representation
of the system of interest; and
(I-Intention) An intention to use the model as a mere aid to the development of a
more adequate representation of the system.14
Note that (I-Belief) is compatible with an intention to throw out a model. What makes
the above attitude instrumentalist is the fact that the instrumentalist believes that a
model is not representationally adequate, but rather than throwing it out, she intends
to use it, together with suitable interpretations, as a tool to develop an adequate representation.
3.2 The realist attitude
Immediately following the passage about Maxwell’s instrumentalism quoted above,
Stein describes Maxwell’s realism:
Now, Maxwell’s own view of this situation was unquestionably realistic. Here is
what he says in the last paragraph of his Treatise on Electricity and Magnetism,
after reviewing a number of theories, alternative to his own, which postulated the
transmission of energy in some form with a finite velocity through space from
particle to particle:
But in all of these theories the question naturally occurs:—If something is
transmitted from one particle to another at a distance, what is its condition
after it has left the one particle and before it has reached the other? …In
fact, whenever energy is transmitted from one body to another in time,
there must be a medium or substance in which the energy exists after it
leaves one body and before it reaches the other […] Hence all these theories
lead to the conception of a medium in which the propagation takes place,
and if we admit this medium as an hypothesis, I think it ought to occupy a
prominent place in our investigations, and that we ought to endeavour to
construct a mental representation of all the details of its action, and this
has been my constant aim in this treatise.15
A bit confusing perhaps, since I have said that Maxwell eliminated the detailed
model of the ether from his developed account of the theory. But the “details of
14 The label ‘(I-Belief)’ is for an instrumentalist belief, and the other label is to be read similarly.
15 See Maxwell (1873, pp. 437–438).
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its action” that he means, in this statement, are those detailed concepts by which
he represents the state of the electromagnetic field itself—conceived, indeed,
as representing the state of the ether …and those detailed laws that govern the
behavior of the field, and that express the kinetic and potential energy of the
presumed medium as functions of the field quantities. (Stein 1989, p. 62)
This passage identifies two elements of the realist attitude. First, in the passage Stein
quotes, Maxwell says that he regarded the ether model (his “conception of a medium”)
as a serious hypothesis that guided his inquiry, and following Stein’s gloss on ‘details
of its action’, we see that Maxwell’s aim was to work out the details of this model.
Thus, we can say that Maxwell intended to use the ether model as a source of hypotheses about the properties of the electromagnetic field, the hypotheses that would guide
his inquiry. Second, this intention makes sense only if Maxwell also believed that the
ether model, with suitable interpretations, represented the properties of the electromagnetic field adequately enough to be taken seriously as a source of questions and
hypotheses about the field.
Like the instrumentalist attitude, the realist attitude can be seen as a complex of a
scientist’s belief and intention regarding models:
(R-Belief) A belief that a given model provides an adequate representation of the
system of interest; and
(R-Intention) An intention to use the model as a source of questions and hypotheses
about the true properties of the system of interest.16
Note that (R-Belief) does not make an agent have (R-Intention) because one could
have (R-Belief) and (I-Intention).17 What distinguishes the realist attitude from the
instrumentalist attitude, then, is the fact that the realist both believes that a model is
representationally adequate and intends to guide her inquiry according to what the
model implies about the system of interest.18
3.3 The coexistence thesis
I have used Stein’s interpretation of Maxwell as a clue to formulate instrumentalism
and realism as distinct attitudes of a scientist toward models and their role in inquiry.
At this point, my claim is only that these formulations are possible, and I will provide
an independent support for them below.19
16 The label ‘R-Belief’ is for a realist belief, and the other label is to be read similarly. In (R-Belief),
adequacy means adequacy for using the model with the intention of (R-Intention).
17 Who holds (R-Belief) but (I-Intention)? Is she a realist or instrumentalist? I thank an anonymous reviewer
for raising this question; I do not know the answer.
18 It seems also possible to hold (R-Intention) and (I-Belief), but it would look like the false modesty
described by Blackburn.
19 The thrust of Stein’s interpretation of Maxwell is that Maxwell adopted a realist attitude toward the ether
model even though he later uncoupled it from his theory, because the concepts Maxwell used in that theory
are those he used to represent the ether in his mechanical models. This interpretation seems reinforced
by some recent works on Maxwell’s theoretical practice; see, e.g., Siegel (1991), Morrison (2000, Ch. 3),
Nersessian (2002) and Cat (2001).
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The instrumentalist and realist attitudes are not necessarily opposed to each other.
A scientist can adopt one attitude toward some models and the other toward others,
or she can adopt one attitude toward some aspects of a model and the other towards
others. Stein thinks Maxwell held both instrumentalist and realist attitudes:
How does this [i.e., Maxwell’s]“instrumentalist” view of the usefulness of theoretical ideas as guides for research …square with the “realist” commitment
of Maxwell? Here is a methodological statement of [Maxwell], taken from his
article on “Attraction” in the ninth edition of the Encyclopaedia Britannica:
[W]e must bear in mind that the scientific or science-producing value of the
efforts made to answer these old standing questions is not to be measured
by the prospect they afford us of ultimately obtaining a solution, but by
their effect in stimulating men to a thorough investigation of nature. […]
The scientific value of the question, How do bodies act on one another at
a distance? is to be found in the stimulus it has given to investigations into
the properties of the intervening medium.20
This dialectical tension, as it may be called, between a realist and an instrumentalist attitude, existing together without contradiction, seems to me characteristic
of the deepest scientists. (Stein 1989, pp. 63–64)
For Stein, Maxwell’s methodological point was that the value of a scientific question
or hypothesis is the extent to which it guides a systematic inquiry. The instrumentalist
and realist attitudes can then be adopted ultimately for the sake of advancing inquiry.
Although Stein’s claim that Maxwell’s methodological point is typical of the
“deepest scientists" is rather vague, his suggestion that a scientist can adopt both
instrumentalist and realist attitudes without contradiction is worth taking seriously.
In my view, the essence of Stein’s suggestion is that the instrumentalist and realist
attitudes can coexist productively in inquiry. Call this the coexistence thesis.21 It suggests that in analyzing certain aspects of scientific practice, we sometimes need to
incorporate the fact that both attitudes coexist in inquiry.
In the remainder of the paper, I shall argue that it is sometimes necessary to appeal
to the instrumentalist and realist attitudes in order to understand successful uses of
certain models in molecular genetics. The models in question are genetic maps, and
my particular case is Seymour Benzer’s work on genetic fine structure.

20 See Maxwell (1890, pp. 486–487).
21 In his Theory and Truth, Sklar (2000) argues that the historical development of fundamental physics

owes much to anti-realist criticisms of realist attitudes towards fundamental theories. If Sklar is right, there
appears to be the coexistence of realism and anti-realism that mattered to the successful development of
physical theories. This thesis resembles Stein’s thesis although Sklar does not cite Stein’s paper, and Sklar’s
discussion can provide additional support for Stein’s thesis. I am grateful to Kyle Stanford for drawing my
attention to the relevance of Sklar’s work to Stein’s.
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4 Genetic mapping: Seymour Benzer’s modeling practice
One year after Watson and Crick’s (1953) development of the double helix model of
DNA, Seymour Benzer began experimental work that would produce a series of seminal contributions to molecular biology.22 For example, Benzer showed experimentally
that a gene identified by its association with a physiological function has a fine, internal structure because mutation and recombination can occur within the gene. In other
words, a gene has internal sites where mutation and recombination can occur. This
result was incompatible with the then traditional concept of a gene as an indivisible
unit of function, mutation, and recombination. Benzer thus suggested the concepts of
cistron, muton, and recon for units of function, mutation, and recombination, respectively, and then went on to estimate the sizes of these units in terms of the number of
base pairs in DNA (see, e.g., Benzer 1957). In short, Benzer provided a thoroughly
molecular characterization of what geneticists had traditionally called the gene.23
Benzer’s achievements were based on genetic mapping of a bacterial virus. A
genetic map is a diagrammatic model of a hereditary material, and below I provide a
detailed study of Benzer’s mapping practice as revealed in his research notebooks.24
One of Benzer’s major goals was to create a high-resolution genetic map, one that could
show two mutations that are separated by only one base pair.25 Benzer attempted to
produce such a map using the method known as recombination mapping, and in the
course of his research, he invented another method that involved a new type of genetic
map. This was a map of what Benzer called “anomalous” mutants, which he initially
regarded as irrelevant for the purpose of making a high-resolution map. An adequate
account of Benzer’s practice, particularly the role of the map of anomalous mutants
in his inquiry, needs to incorporate his unpublished notebooks. For in his notebooks
we see that this new type of genetic map played an important role that Benzer did
not describe in his published papers. This section develops an account of Benzer’s

22 For excellent intellectual biographies of Benzer, see Weiner (1999) and Holmes (2006). Weiner gives a
highly accessible account of Benzer’s research on genetic fine structure (Weiner 1999, pp. 46–60). Holmes
has reconstructed in great detail the first 2 years (1954–1956) of Benzer’s research on genetic fine structure
(Holmes 2006, pp. 179–298). Holmes had access to Benzer’s personal papers before they were donated to
the Caltech Archives, and my analysis of Benzer’s research draws on the same personal papers as well as
Holmes’s pioneering study.
23 The importance of Benzer’s research can also be gauged by the extent to which it was covered in the
early textbooks in molecular biology (see, e.g., Watson 1965, pp. 231–237; Stent 1971, pp. 362–375).
For a summary of Benzer’s important contributions to molecular biology by a contemporary biologist, see
Greenspan (2009, pp. 7–10).
24 Seymour Benzer Papers, 10242-MS, Caltech Archives, California Institute of Technology. The collection
is organized into 126 boxes, each of which is organized into folders. The finding aid is available online
(http://www.oac.cdlib.org/findaid/ark:/13030/c8vh5ptc/). Hereafter when I cite Seymour Benzer Papers, I
write “SBP” followed by the box and folder numbers.
25 See, e.g., Benzer’s “Application for Extension of Grant from American Cancer Society” (September
28, 1954, SBP 1.14); Benzer’s grant proposal to the National Science Foundation entitled “Genetic Fine
Structure and Its Relation to the Molecular Structure of DNA” (February 12, 1955, SBP 9.7); his “Application
for Extension of Grant from American Cancer Society” (September 21, 1955, SBP 1.15); and Benzer’s
NSF progress reports dated April 29, 1957 (SBP 9.7) and March 31, 1958 (SBP 9.8). For brief published
statements of his goals, see Benzer (1955, p. 345) and Benzer (1957, p. 71).
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mapping practice, paying particular attention to his notebooks.26 And, as I show in
Sect. 5, it is this account that requires us to understand Benzer’s practice in terms of
both the instrumentalist and realist attitudes.27
4.1 Genetic mapping of bacteriophage T4
Benzer’s research began with his discovery of certain properties of bacteriophage T4,
a virus that infects and eventually kills Escherichia coli. Once a T4 phage infects a
bacterium by injecting its genetic material into the host cell, the genetic material is
multiplied inside, and new T4 phages develop. At the end of this life cycle, the phages
make the host cell lyse (i.e., burst open) and release them into the environment.
The T4 phage life cycle shows some phenotypic differences. For example, when
lysis occurs, some T4 phages produce small plaques with rough edges.28 Conventionally, this phenotype is referred to as the wild type. Mutations in one region of the
genetic material of T4, called the rII region, produce the so-called rII mutants, which
make the host cell lyse rapidly and produce large plaques with sharp edges.29
In addition to differeces in plaque morphology, T4 phages show differences in
the types of host bacteria that they can successfully infect. For example, there are
two different types of E. coli called strain B and strain K12(λ), and the wild type
T4 produces wild-type plaques on both strains. But the rII mutants produce r-mutant
plaques on E. coli strain B and no plaques at all on strain K12(λ) (Fig. 1; Benzer
1955, p. 346).30
These properties of the rII mutants make them a useful experimental system on
which to carry out detailed genetic analysis. One can isolate r mutants on strain B,
where they produce distinctive plaques, and discriminate two r mutants by recombination experiments in which one infects K12(λ) with the two r mutants and lets them
exchange their genetic material. If they are distinct r mutants, a wild-type recombinant
will arise by genetic recombination and produce the wild-type plaques on K12(λ). If
they are identical mutants, no plaques will form. K12(λ) thus serves as a highly selective host strain, enabling one to detect very rare wild-type recombinants and hence
subtly distinct r mutants (Benzer 1955, pp. 346–347).
These experiments can be used to construct what is called “a genetic map.” In a
typical linear map, each point on a line represents a mutant that is treated as a marker
26 For a historical discussion of mapping in the twentieth-century genetics, see Rheinberger and Gaudillière
(2004) and Gaudillière and Rheinberger (2004). With the exception of Kitcher (1982) and Weber (1998),
philosophers have focused on the practice of genetic mapping in classical genetics (e.g., Darden 1991;
Wimsatt 1987, 1992; Weber 1998; Vorms 2013a, b).
27 To focus on the details of Benzer’s practice in the limited space below, I must assume that the reader is
familiar with Mendelian genetics or relevant parts of molecular genetics. For a short accessible introduction
to Benzer’s genetic mapping, see Watson (1965, pp. 230–237), Benzer (1962), Stent (1971, pp. 362–372),
or Weiner (1999, pp. 49–58).
28 A plaque is an area without host cells, which appears clear in the lawn of bacteria.
29 These mutants are called r mutants (r for rapid lysis) (Benzer 1955, p. 346). Hershey (1946) first isolated

r mutants in phage T2, which is related to T4.
30 Benzer discovered the above properties of the rII mutants in the first half of 1954. Because of the lack of

space, I will not describe Benzer’s early experiments with rII mutants. For a detailed account of his work
during this period, see Holmes (2006). Benzer also gave a brief autobiographical account (Benzer 1966).
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Fig. 1 rII mutants. Left: Compared to the small wild-type plaques, rII mutants produce large plaques on
E. coli strain B. Right: But rII mutants do not produce any plaques on strain K12 (λ). Only the wild-type
phages produce plaques. From Benzer (1962, p. 72)

of that part of the genetic material which is altered from the wild type. If the wildtype phenotype is produced after a recombination experiment with two mutants, the
observed frequency of the wild-type phenotype is represented by the distance between
two points (for more details on Benzer’s rules of mapmaking, see Fig. 2). Before Benzer
began mapping the rII region of T4, A. H. Doermann and M. B. Hill produced a linear
map of two r mutants named r47 and r51 (Fig. 3). The resolution of the map depends
on the extent to which the experimental system allows the researcher to detect rare
wild-type recombinants. In this regard, Benzer’s rII system was extremely powerful.
For Benzer, a genetic map was not only a summary of experimental results but
also a model of DNA. Consider his first genetic map of rII mutants drawn on May
10, 1954 (Fig. 4). It displays Doermann’s mutants (r47 and r51 ) and the new mutant
Benzer isolated named “V.”31 On this map, every mutant was represented as a point on
the horizontal line, and Benzer interpreted each point as representing a part of DNA.
Thus, in one paper Benzer described his interpretation of a map as follows:
A genetic map is an image composed of individual points. Each point represents
a mutation [i.e., a change in a part of DNA] which has been localized with respect
to other mutations by recombination experiments. The image thus obtained is a
highly colored representation of the hereditary material.32 (Benzer 1957, p. 72)
31 Doermann had sent Benzer his stocks of previously mapped mutants including r and r (A. H. Doer47
51

mann to Seymour Benzer, April 3, 1954, SBP 67.6).
32 It is not clear to me what he means by “highly colored” here, but this does not affect the main point I

am making.
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Fig. 2 Rules of mapmaking. a Benzer frequently used a table to summarize recombination data obtained
from crosses between mutants on the top row and those on the left column. The table is an abbreviated
version of Benzer’s table made on May 17, 1954 (SBP 67.6). b Rule 1: draw a horizontal line and two vertical
lines near the ends. Let the vertical lines represent two mutants that exhibited the greatest recombination
frequency on the table, and draw a double-headed arrow between the vertical lines with a label indicating
the recombination frequency between the mutants represented. c Rule 2: consider other mutants that were
crossed with one of the two mutants just put on the map, say, r47 , and find the mutant that showed the
greatest recombination frequency with r47 . In this case, this mutant is the one named “II”, and it is to be
put on the map as before. Since the recombination frequency between II and r51 is also shown on the table,
this fact is also on the map. d Rule 3: apply Rule 2 to the mutants not yet put on the map and repeat the
procedure until all the mutants and data shown on the table are put on the map. Note that the resulting map
fails to show strict additivity of distances, but Benzer’s practice was not to make the map show additivity
and instead to make the map faithful to the data
Fig. 3 A genetic map of two r
mutants of phage T4. “r47 ” and
“r51 ” designate mutants and the
distance between them the
percentage recombination
frequency (5.4% here). Redrawn
with modification from
Doermann and Hill (1953, p. 87)

It is true that one can simply use a genetic map as a summary of experimental results,
because what the rules of mapmaking do is to convert raw data into a diagram. But
Benzer used it also as a model of DNA in the sense that he interpreted particular parts
of a genetic map as representing parts of DNA and their properties.
4.2 Anomalous mutants
By the end of 1954 Benzer was immersed in the project of bringing the resolution of
a genetic map down to the molecular level. In particular, he was trying to estimate
in molecular terms the lengths of the genetic units of recombination, mutation, and
physiological function and was trying to do so by converting the length on a map,
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Fig. 4 Benzer’s first genetic map. The recombination frequency between r47 and r51 that Benzer obtained
from his experiments was slightly different from the value Doermann and Hill reported (Fig. 3). (Seymour
Benzer Papers, Box 67, Folder 6, 10242-MS, Caltech Archives, California Institute of Technology)

which was in the unit of recombination frequency, into the length of DNA measured
by the number of base pairs (Benzer 1955, p. 345).33 For this purpose he needed to
isolate and map a great number of rII mutants (Holmes 2006, p. 258).
On February 23, 1955, Benzer crossed four rII mutants: 47 and 168 with 295
and 312. These crosses showed few plaques, making Benzer write: “obviously the
four mutants are not all allelic [i.e., not identical]" (SBP 67.8). On the 24th, Benzer
performed “allelism tests” (SBP 67.8), where he made ten crosses among five rII
mutants—47, 168, 295, 312, and 145—and counted the number of wild-type plaques.
No plaques were observed in four of the ten crosses, namely, those between 47 and
168, 47 and 295, 47 and 312, as well as 295 and 312. These four mutants thus should
occupy the same point on a genetic map. But two crosses among these mutants, namely,
those between 168 and 295, 168 and 312, did produce plaques. This meant that 168,
295 and 312 should occupy different points on a map.
Benzer put these results on a map (Fig. 5), which showed nonzero distances within
zero distances. For example, in the left part of the map, Benzer placed 168 in between
312 and 47. He drew 312 and 47 as well as 168 and 47 as having zero distances, but
he drew 312 and 168 as having a non-zero distance. If the space between two points
on a genetic map was a representation of the physical space between two mutational
sites of DNA, a genetic map showing nonzero distances within zero distances was
suggesting a physical impossibility. Thus, the mutants on this map showed, to use
Benzer’s own word, “anomalies” (Benzer 1955, p. 351).34
On the 26th, Benzer did the same ten crosses he had done on the 24th, and this
time he calculated recombination frequencies. Crosses among the four anomalous
mutants—47, 312, 295, and 168—still showed incoherent results. Benzer drew a map
on a graph paper (Fig. 6). He represented anomalous mutants as horizontal bars at the
top of the map, the practice he would continue to use.35 But he also noted that the
distance between 295 and 145 “does not fit this scheme” (SBP 67.8), because the map
33 Benzer thought about the correspondence between map distance and physical distance as early as May
28, 1954 when he wrote “thoughts on the gene” (SBP 67.6). For discussion of his early thoughts on this
topic, see Holmes (2006, pp. 212–220).
34 Anomalous mutants also exhibited little or no tendency to revert to the wild type (Benzer 1955, p. 351).
35 This practice can also be seen in the right hand side of Fig. 5, where Benzer drew a revised map on a

piece of paper and stapled it over the original map. In this map he drew 47, 312, 295 and 168 as overlapping
horizontal bars. Referring to the revised map, Holmes says: “This critical move appears to mark the point
at which Benzer recognized that these four mutants could not be point mutations but must be alterations
extending along a portion of the chromosome” (Holmes 2006, pp. 271–272).
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Fig. 5 Benzer’s map of anomalous mutants drawn on February 24, 1955. (Seymour Benzer Papers, Box
67, Folder 8, 10242-MS, Caltech Archives, California Institute of Technology)

represented the distance of 0.78% between 295 and 145 as longer than that of 0.99%
between 47 and 145 as well as 1% between 168 and 145.36
4.3 Mapping anomalous mutants
As we just saw, Benzer’s response to the discovery of anomalous mutants was to draw
them as horizontal bars rather than points on a genetic map. In other words, he changed
the rules of mapmaking (for more details, see Fig. 7). The rationale for this change is
that the anomalous mutants
can be understood if it is assumed that each mutation extends over a certain length
of the chromosome, and production of wild type requires recombination within
the space between those lengths. According to this interpretation, the mutations
would cover the lengths indicated by the bars [in a genetic map]. (Benzer 1955,
p. 351)
In addition, Benzer speculated about the nature of these anomalous mutants: “So far
as is known, the anomalous cases observed could equally well be imagined to be
due to double (i.e., two near-by “point”) mutations, inversions, or deletions of the
wild-type chromosome” (Benzer 1955, p. 351; see also, Benzer 1957, p. 76). Either
way, anomalous mutants were unlikely to be “true ‘point’ mutations (i.e., involving
an alteration of only one nucleotide pair)” (Benzer 1955, p. 351). Thus, Benzer said
that for the purpose of making a map that would resolve the distance between two
36 At the bottom of this map, Benzer provided a tentative physical interpretation of map distances by
indicating that 1 cm on this map corresponded to the maximum of 25 nucleotide pairs. Alternatively,
Holmes (2006, p. 272) interpreted that Benzer meant that the distance between 295 and 168 is 25 nucleotide
pairs, but Benzer’s annotation at the bottom of the page does not correspond to the gap between the horizontal
bars representing 295 and 168 at the top of the page.

123

Author's personal copy
Synthese (2020) 197:2665–2694

2683

Fig. 6 Benzer’s genetic map dated February 26, 1955. (Seymour Benzer Papers, Box 67, Folder 8, 10242MS, Caltech Archives, California Institute of Technology)

neighboring “point” mutants, “it would seem well advised to employ only mutants
for which some reversion is observed [i.e., mutants that are not anomalous]” (Benzer
1955, p. 351).
Since December of 1955, however, Benzer would find productive uses of the map
of anomalous mutants. On December 2, 1955, Benzer made crosses among some
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Fig. 7 Rules of mapmaking for anomalous mutants. a A subset of Benzer’s experimental results on February 24, 1955 (SBP 67.8). The top row and the leftmost column show the mutants crossed. The anomalous
mutants are those that fail to recombine with two or more mutants: 47, 295, and 312. The data are presented
(following Benzer’s presentation of them) in the observed number of wild-type plaques rather than percentage recombination frequencies, but the unit of data does not affect the rules. b Rule 1: same as before (see
Fig. 2), but if a mutant being drawn is anomalous, then it should be drawn as a bar. Here 168 is on the right
of this map because of the results of crosses with 145 shown in Fig. 5. c Rule 2*: consider other mutants
that produced wild-type plaques with one of the two mutants just put on the map, say, 168, and find the
mutant that produced most wild-type recombinants with 168. In this case, the relevant mutant is 295. But
295 does not recombine with the other mutant already mapped, namely, 312. Thus, 295 is to be drawn as a
horizontal bar above and covering 312, and the space between the right hand end of 295 and 168 is marked
with the number of wild-type plaques found in the cross between these two mutants. d Rule 3: apply Rule 2
(as in Fig. 2) or Rule 2* to the mutants not yet put on the map and repeat the procedure until all the mutants
and data shown on the table are put on the map. The new reading convention is that the mutant represented
as a bar does not produce wild-type recombinants with any of the mutants that overlap with it. For Benzer’s
published version of a map corresponding to d, see Benzer (1955, p. 352, Fig. 5a)

anomalous mutants.37 He drew a diagram entitled “grouping up to date” (Fig. 8). He
found three mutants to be non-overlapping, and six mutants to be overlapping. On
December 5, he tested other mutants to see if any of them are “under 196” (SBP
67.9), the anomalous mutant drawn on the left hand side of Fig. 8. Benzer took twenty
mutants, crossed them with 196, and classified mutants that showed low recombination
frequencies as “under 196” and others as “not under 196.” Based on the surviving notes,
this was the first time Benzer used the phrase “under 196.” It referred to the way in
which mutants were represented on a map: 196 was an anomalous mutant represented
as a horizontal bar on top, and certain mutants were placed under it. In this sense,
mutants were called “under 196.”
What Benzer invented was a way to organize anomalous mutants relative to each
other on a map. As shown in Fig. 8, some anomalous mutants were represented as
lying next to each other on a map, while others were represented as lying under another
37 Benzer’s work described in the paragraph below was first reconstructed by Holmes (2006, pp. 289–290).
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Fig. 8 Anomalous mutants tested on December 2, 1955. (Seymour Benzer Papers, Box 67, Folder 9, 10242MS, Caltech Archives, California Institute of Technology)

mutant. Such a map was different from a map like Fig. 3 in that it did not represent
distances between mutants as measured by recombination frequencies. Rather it represented which mutant is next to which: it represented relative positions of mutants.
In the next several years, along with other experiments, Benzer constantly looked for
new anomalous mutants and tested them against existing anomalous mutants.
Benzer eventually produced a genetic map with many segments, each of which is
defined as the stretch of the map that only one of a given set of anomalous mutants
covers. Consider, for example, the mutants 1272 and 1756 in Fig. 9, which shows
Benzer’s working map of new anomalous mutants tested on September 21, 1959.
For simplicity, assume that the right hand ends of these mutants occupy the same map
position. Given these two mutants, a map segment is defined as the space that begins at
the left end of 1272 and ends at the left end of 1756. This segment can be further divided
if there is a mutant whose left end falls in the middle of the segment. In Fig. 9, Benzer
indicated 1589 and 1605 as “exciting!” because they appeared promising mutants to
further divide the segment defined by 1272 and 1756. Near the end of his mapping
project Benzer had a map of anomalous mutants that divided the rII region into 80
segments, which is too large to reproduce here (Benzer 1962, pp. 78–79).38
Benzer used the map of anomalous mutants to design a method for rapid mapping
of rII mutants. The new method allowed Benzer to classify a new rII mutant into a
short segment of the rII region, thereby eliminating the need to cross every new mutant
38 In this section I entirely glossed over Benzer’s idea that the rII region is divisible into two segments A
and B, which function differently during the growth of phages in E. coli K12(λ). These segments came to
be called A and B cistrons (Benzer 1957), and in Fig. 9 their boundary was marked by a vertical dashed
line. The basic idea is this: Recall that unlike the wild type, the rII mutants do not produce progeny on
K12(λ). If an rII mutant and a wild-type phage together infected the same host cell, both types of phage were
found among the progeny. This suggests that the wild type supplied the necessary function for intracellular
growth that the rII mutant could not perform. By the beginning of 1955, Benzer found that some pairs of rII
mutants, when they together infected K12(λ), produced a lot of progeny, while other pairs produced little
or none (Holmes 2006, pp. 257–258). Two mutants forming the former type of pair had different functional
defects so that they could supply each other, without recombination, the function that was defective in the
other. On the other hand, two mutants forming the latter type of pair had the same functional defect and
could produce progeny only when recombination occurred. Benzer thus concluded that the rII region has
two functional segments. Doermann’s r47 is on segment A and r51 on segment B (Benzer 1955).
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Fig. 9 A working map of new anomalous mutants drawn on September 21, 1959. (Seymour Benzer Papers,
Box 70, Folder 2, 10242-MS, Caltech Archives, California Institute of Technology)

with all the other mutants in order to determine its position on a genetic map. Given the
need to map thousands of mutants, this method was crucial to the success of Benzer’s
research.39 To understand this new method, let us look at Fig. 10, which is a published
map of anomalous mutants as of April 1960.40
To map a new rII mutant, the first step is to cross the new mutant with the anomalous
mutants 1272, 1241, J3, PT1, PB242, A105, and 638—called the “big seven” (Benzer
1961, p. 407)—which were represented as very long bars at the top of Fig. 10. If
we find that the new mutant recombines with all the mutants except 1272, then we
classify it as being under 1272: the new mutant belongs to the segment between the
left end of 1271 and that of 1241, which is labeled as “A1” at the bottom of Fig. 10.
The second step is to construct another experiment with 1272, 1364, and EM66, which
divide segment A1 into three shorter segments. If we find, say, that the new mutant
recombines with EM66 but not with 1272 or 1364, then we say that the new mutant
is under 1364: the new mutant belongs to the segment between the left end of 1364
and that of EM66, which is labeled as “A1b1” at the bottom of Fig. 10 (Benzer 1961,
pp. 406–407). To determine a more precise map location of the new mutant, we only
39 If he had only a handful of mutants to map, it would not have been so important to eliminate the need to
cross every mutant with every other. But this was not the case, and Benzer’s new method was so important
that Gunther Stent later wrote:

It is fair to say that without this astute exploitation of deletion [i.e., anomalous] mutants for rapid
mapping, our knowledge of the genetic fine structure of the phage genome would still be very
rudimentary; progress would have been hamstrung by the geometric increase in the number of
crosses required for the mapping of an arithmetically increasing number of mutants available for
study. (Stent 1971, p. 368)
40 This map appeared in the paper published in the March 1961 issue of Proceedings of the National
Academy of Sciences of USA, but the paper was presented at the Academy on April 27, 1960.
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Fig. 10 A map of anomalous mutants as of April 1960. From Benzer (1961), p. 406

need to do recombination experiments with the mutants that also belong to A1b1 and
calculate recombination frequencies.

5 The instrumentalist and realist attitudes
As we have seen, Benzer developed two types of genetic maps. One was a standard
recombination map like Fig. 4, and the other was a map of anomalous mutants like
Figs. 5, 6, 9 and 10. His main goal was to bring the resolution of the recombination
map to the molecular level, and his major achievements summarized at the beginning
of Sect. 4 were based on such a map. What, then, was the role of a map of anomalous
mutants in Benzer’s inquiry? How did Benzer use a map of anomalous mutants and
how should we understand his use? Interpreting Benzer’s experimental practice as
being structured by both instrumentalist and realist attitudes helps us to understand
why Benzer used a map of anomalous mutants in the way he did.
5.1 The realist attitude
As we saw, in February 1955 when Benzer found anomalous mutants, he changed
the rules of mapmaking so that he could represent anomalous mutants together with
other mutants on the same map (Fig. 7). In addition, he considered some explanatory
hypotheses as to why anomalous mutants could not be drawn as points on a map. For
example, he considered the hypothesis that an anomalous mutant had a stretch of DNA
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deleted. And, in 1961, Benzer and his then postdoc Masayasu Nomura developed an
elegant test of the deletion hypothesis: if a stretch of DNA is physically deleted, then
the map distance between mutants outside of that stretch should become shorter. If
the stretch is altered but not deleted, the map distance between the mutants should
remain unchanged. Nomura and Benzer’s experiments showed that the map distance
of two mutants was indeed shorter when anomalous mutation occurred between them
(Nomura and Benzer 1961).
In this study, Benzer used a map of anomalous mutants to formulate hypotheses
about the nature of mutation at the molecular level and to design experimental tests
of the hypotheses. We can understand this practice as being structured by Benzer’s
realist attitude. Recall that this attitude has two components:
(R-Belief) A belief that a given model provides an adequate representation of the
system of interest; and
(R-Intention) An intention to use the model as a source of questions and hypotheses
about the true properties of the system of interest.
Benzer believed that a horizontal bar on a map of anomalous mutants provided an
adequate representation of the properties of DNA—at least adequately enough to
seriously test whether the properties of the bar tell us something about the properties
of DNA. This is Benzer’s (R-Belief). Benzer also had (R-Intention) since the fact
that Benzer and Nomura designed and carried out an experimental test of the deletion
hypothesis shows that they intended to use the map of anomalous mutants as an
important source of hypotheses about the properties of DNA.
5.2 The instrumentalist attitude
So Benzer was realist when he used a map of anomalous mutants to investigate the
nature of mutation. But we also saw that the map of anomalous mutants was a key
tool in Benzer’s method for rapid mapping. How should we interpret this practice?
My view is that with respect to this practice, we should see Benzer as adopting the
instrumentalist attitude. Recall that this attitude has the following components:
(I-Belief) A belief that a given model does not provide an adequate representation
of the system of interest; and
(I-Intention) An intention to use the model as a mere aid to the development of a
more adequate representation of the system.
Let us begin with (I-Belief).
In discussing Benzer’s realist attitude, I said that Benzer believed that a horizontal bar on a map of anomalous mutants provided an adequate representation of the
properties of DNA. That some mutants were represented as horizontal bars is a particular feature of the map, and Benzer’s belief was about this feature. But the map
had another important feature: some mutants were represented as bars under other
mutants represented as bars.41
With respect to this feature of the map, Benzer’s belief was that it did not provide an adequate representation of the properties of DNA. There are two reasons for
41 In addition, all point mutants were represented as points under bars.
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Fig. 11 Benzer’s research note dated April 29, 1956. (Seymour Benzer Papers, Box 68, Folder 1, 10242-MS,
Caltech Archives, California Institute of Technology)

thinking this. First, there is no evidence in his publications and research notes that
Benzer seriously considered it possible for a mutation to be under another mutation.
In other words, he did not believe that the geometrical property of one bar being under
another bar on a map represented any analogous property in the DNA. Second, Benzer
described mutations being “under” another mutation in his research notebooks, but
he did not do so in publication. In his research notebooks, Benzer typically referred
to mutants as, for example, “under 164” or “under 196” (see SBP 67.9, 68.1, 68.3).
To see the case in point, consider Fig. 11. The table is like Fig. 7A, and it shows that
neither 575 (the third row) nor 102 (the fourth row) produced any wild-type plaques
when crossed with 187 (as indicated by an open circle). But the cross between 575 and
102 produced wild-type plaques (as indicated by a plus sign). Thus, below the table
Benzer wrote: “102 and 575 are = [not identical] but both under 187” (my emphasis).
In the map on the right bottom corner, he drew 575 and 102 as non-overlapping horizontal bars under 187. Along with 102, there were other mutants that did not produce
wild-type plaques when crossed with 187 (the middle rows of the table that are boxed),
and Benzer called them “indistinguishable” and drew them as overlapping horizontal
bars under 187.42 In his day-to-day experiments, Benzer was thinking in terms of and
exploiting visually accessible properties of a map. But in his publication he wrote
42 638 (the last row) did not produce wild-type plaques with any of the mutants tested, so Benzer wrote,
“638 is most anomalous!” In this note, Benzer drew 638 as a bar below other bars, probably because he
was drawing a map by going down the rows of the table. In a polished map, 638 was drawn as a bar near
the top of the map: it is one of Benzer’s big seven in Fig. 10.
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differently. Referring to a map of anomalous mutants and its role in his method of
rapid mapping, Benzer said:
Whether a given mutation belongs in the region covered by a deletion can be
determined by the appropriate cross. If wild recombinants are produced, the
mutant must have a map position outside the region of the deletion. This eliminates the need to cross that mutant with any of the mutants whose map positions
lie within the region of the deletion. The problem of mapping a large number of
mutants is greatly simplified by this system of ‘divide and conquer.’ The mutants
can first be classified into groups that fall into different regions on the basis of
crosses with mutants of the deletion-type. Further crossing in all possible pairs
is then necessary only within each group. (Benzer 1957, p. 77)
What is remarkable about this passage is that Benzer does not refer to the visual
properties of the map. He speaks of mutants “within the region of the deletion,” rather
than mutants being “under” the deletion. This suggests that Benzer did not believe
that the overlaps among bars on a map represented analogous relations in the DNA.
Turning to (I-Intention), the above consideration also suggests that in the practice
of rapid mapping, Benzer intended to use a map of anomalous mutants merely as a
visual aid to classify mutants quickly, which in turn would help make a high-resolution
recombination map. Recognizing such intention as part of his overall plan for making
a high-resolution map explains why Benzer devoted so much time and energy to
mapping anomalous mutants.
Thus, to account for the role of the map of anomalous mutants in Benzer’s practice of
rapid mapping, we should interpret Benzer’s attitude in this practice as instrumentalist.
5.3 Why both attitudes are important
The coexistence thesis is relevant to a proper understanding of scientific practice.
Indeed, an adequate account of Benzer’s modeling practice evokes the coexistence
thesis. Benzer’s practice makes sense if we see that he was both an instrumentalist and
realist in his inquiry.
But one might think that realism is all that is necessary to understand Benzer’s
practice. For after all, even though in his notebooks Benzer thought in terms of mutants
being under other mutants, it is possible to understand “the mutants M1 and M2 being
under the anomalous mutant A” to mean “M1 and M2 recombine among themselves,
but neither recombines with A.” Moreover, Benzer and Nomura’s test of the deletion
hypothesis—a study structured by Benzer’s realist attitude—eventually clarified the
physical basis of Benzer’s method of rapid mapping.
So Benzer’s case might be seen as a triumph of the realist attitude. But this objection is importantly mistaken. The appeal to the instrumentalist attitude is necessary
to understand the role of the map of anomalous mutants in rapid mapping because
Benzer’s use of the map as a visual aid depended on the exploitation of certain spatial
relations on a map that he believed did not represent any analogous relations in the
DNA. In other words, the concept of a mutation being “under” another mutation was
essential for the visualization of the experimental results as in Figs. 9 and 10. The sug-
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gested translation of this concept above masks the spatial (visualizable) relationship
that is present on the map and does not help explain Benzer’s day-to-day experimental
practice. Thus, recognizing that Benzer adopted the instrumentalist attitude is necessary to understand how, in the method of rapid mapping, the map of anomalous
mutants functioned as a visual tool for classifying mutants rather than as a source of
hypotheses about the properties of DNA.
It may seem that I am arguing that Benzer adopted the instrumentalist attitude
simply because he used the map of anomalous mutants as a visual tool.43 But this
is not my argument. Scientists use many things as tools, but only some of them are
models. The instrumentalist attitude concerns models. To say that Benzer adopted the
instrumentalist attitude when he used the map of anomalous mutants as a visual tool,
it must also be the case that the map of anomalous mutants was a model. Now, in
my view, Benzer always used the map of anomalous mutants as a model of DNA,
because he always regarded certain properties of the map as representations of the
properties of DNA. For example, in Fig. 9, Benzer wrote “possible structures” to the
left of the horizontal lines representing anomalous mutants. By structures, Benzer of
course meant the structure of DNA. More specifically, he was referring to the idea
that the structure of DNA is linear in the sense that all the mutants can be represented
as segments of a line. In the paper published shortly before Benzer drew the map in
Fig. 9, he said:
A crucial examination of the question [of the genetic fine structure] should be
made from the point of view of topology, since it is a matter of how the parts of
the structure are connected to each other, rather than of the distances between
them. Experiments to explore the topology should ask qualitative questions (e.g.,
do two parts of the structure touch each other or not?) rather than quantitative
ones (how far apart are they?). (Benzer 1959, p. 1607)
The map of anomalous mutants displays a mutant next to another mutant. Benzer
took these visual properties of the map as representing what he called the topological
structure of DNA. Thus, the map of anomalous mutants was Benzer’s model of DNA.
But the map also displays mutants below another mutant. Benzer did not take this visual
property of the model as representing any property of DNA. Instead he used it as an aid
to classify mutants rapidly. To understand the role of the map of anomalous mutants in
rapid mapping, we need to recognize that Benzer adopted the instrumentalist attitude
toward the model.
Even if the realist philosopher acknowledges that Benzer adopted the instrumentalist attitude, she might respond that the instrumentalist attitude is not contrary to
realism insofar as it serves the realist goal of finding truth about the world. Thus,
realism can—and may even be necessary to—make sense of Benzer’s instrumentalist
attitude.44 This is a fair point. The coexistence thesis does not challenge the realist
goal. But if an adequate account of Benzer’s practice needs to recognize the realist
and instrumentalist attitudes, then the realist philosopher needs instrumentalism and
the instrumentalist philosopher needs realism.
43 I thank an anonymous reviewer for alerting me to this interpretative possibility.
44 I thank an anonymous reviewer for suggesting this response.
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6 Conclusion
Stein’s “Yes, but” paper raises a fundamental problem for any attempt to characterize
instrumentalism and realism as substantive alternatives. This is the distinguishability
problem, which consists in (i) the problem of developing a form of instrumentalism
(or realism) that is substantially different from a plausible realist (or instrumentalist) alternative and (ii) the problem of showing that this form of instrumentalism (or
realism) does justice to actual scientific practice. In this paper, using Stein’s own discussion of Maxwell, I formulated instrumentalism and realism as a scientist’s distinct
attitudes—distinct complexes of her belief and intention regarding models. Each attitude can structure inquiry differently. I then argued that to understand certain aspects
of scientific practice, such as the practice of genetic mapping in Benzer’s work, we
sometimes need to appeal to the coexistence of these attitudes. Thus, like Stein, who
said “Yes” to both realism and instrumentalism at the end of his paper (Stein 1989,
p. 65), I too say “Yes” to both, not because they are indistinguishable but because each
illuminates different aspects of scientific practice.
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