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were not widely circulated, and they presented almost none of
the supporting data. Scientists do not normally look to annual
reports of an institution to learn what is happening in their field.
In the fall of 1950, McClintock published a brief account of
the transposition of Ds and Ac in the Proceedings of the National Academy of Sciences. She introduced her topic under
the title "The Origin and Behavior of Mutable Loci in Maize,"
by calling attention to the parallels between the system she was
studying and other kinds of genetic instability (including the
notorious "position effect") that had been studied in Drosophila, while emphasizing the similarity in the mechanism underlying variegation in all such organisms. But the obvious occasion
on which to present the full account of this work, with all of its
radical implications, was at the next annual Cold Spring Harbor
Symposium. As the time grew near, she became more and more
apprehensive. How was she going to be able to fit in enough of
the pieces in the time allotted to her to make it coherent?
Would she be able to communicate her "understanding" to
others? She was sufficiently aware of the disparity already
present between her own thinking and that of her colleagues
to know that many of them would have difficulty seeing the
implication of her new findings.
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A Different L,anguage

McClintock was right to be apprehensive. Her talk at the Cold
Spring Harbor Symposium that summer was met with stony
silence. With one or two exceptions, no one understood. Mterward, there was mumbling-even some snickering-and outright complaints. It was impossible to understand. What was
this woman up to?
Somehow, she had "missed." Her effort to explain the logic
of her system seemed to have failed utterly. Of course she
would try again-it is a commonplace for talks to misfire-but
the disappointment must have been enormous. She had unveiled her creation, a beautiful explanatory model with full
supporting evidence, the object of six years of loving attention
and grueling hard work, and her colleagues had turned their
backs.
Apprehension has at least the function of preparing us for
adversity. But McClintock could hardly have been prepared for
the extent of her failure. She tried again-in a few seminars, in
a detailed account of the work (including much of the data that
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earlier brief accounts had not included), which she published in
Genetics. 1 Five years later she gave another presentation at the
1956 Cold Spring Harbor Symposium. In the interim, the mechanisms of control and regulation she had unravelled had shown
themselves to be even more complex, so that her work was now
more, rather than less, difficult to follow-and the climate
around her had grown even less receptive than it had been in
1951. She received only two reprint requests for the Genetics
article (published in 1953), and, if anything, there was more
shoulder shrugging at the 1956 presentation than there had
been in 1951.
No one is ever truly prepared for so bitter an anticlimax. But
McClintock must have been especially ill prepared. She was
hardly a novice in her field, and despite the many insititutional
difficulties she had experienced, she was accustomed to scientific success. Above all, she was accustomed to the respect and
admiration of her colleagues. By 1951, she was one of the dignitaries of her field, and scientists of her stature do not expect
their work to be rebuffed out of hand.
Individuals who have as strong a conviction of being right as
McClintock had expect to be listened to. In the long run, that
conviction served her extremely well; it provided the protection she needed in order to continue her work. But in the short
run, it could only have exacerbated the shock. She tends to
make light of it now, but at the same time she admits that the
1951 symposium "really knocked" her. "It was just a surprise
that I couldn't communicate; it was a surprise that 1 was being
ridiculed, or being told that I was really mad. And it required
a readjustment." In the long run, she claims, it was good for her,
but some of those who were closest to her feel that it was a
readjustment with a high personal cost. "Later on, there were
years in which I couldn't talk to anybody about this and I wasn't
invited to give seminars either." She remembers one wellknown geneticist, a frequent visitor to Cold Spring Harbor,
saying, "'Now, I don't want to hear a thing about what you're
doing. It may be interesting, but I understand it's kind of mad,'
~r words to that effect." A few were less polite. She repeats
as a "funny story"-told to her by her friends lest she should
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hear it accidentally-that a prominent geneticist called her
"just an old bag who'd been hanging around Cold Spring Harbor for years."
Of course, not all her colleagues were as dismissive. She had
good friends, a few staunch allies (Evelyn Witkin was unshakable), and a number ofloyal admirers scattered around the country. A few com geneticists knew enough to appreciate what she
was doing, and they came to talk to her, to exchange technical
information, and to pick up tips (or seeds). Prominent among
these were Royal Brink and Peter Peterson, whose own work
had led them in strikingly similar directions. In 1952, Brink
(together with Robert A. Nilan) published evidence for transposition that was also inferred from the observation of twin sectors, and in 1954 he and P. C. Barclay were able to show that
a controlling element they had isolated independently was an
instance of the Ds-Ac system. Peter Peterson isolated a mutant
in 1953, which by 1960 he was able to show was an instance of
another system of regulation and control that McClintock had
by then detailed: the Spm system. 2 Indeed, the work of Brink
and Peterson echoed and supported many of her own findings
over the next two decades. "We were compatible because we
were working on the [same] material." But even they were "on
different levels of thinking-that's where we couldn't communicate."
But the presence of a few friends, allies, admirers, and even
fellow workers could not outweigh the experience of rejection
by the overwhelming majority of her colleagues. If McClintock
had been physically isolated before-working alone, without
the benefit of students, post-docs, or immediate colleagues-she
had nonetheless always been able to maintain a dialogue with
geneticists around the country. To be sure, her position was
peripheral in a number of important ways. But, with increasing
success and growing reputation, she had moved closer to the
center of professional action than any other woman in her field.
She attended frequent meetings, received frequent invitations
to give seminars, and grew accustomed to visits from colleagues
from all over the world. Even at Cold Spring Harbor, where her
colleagues worked on different problems and different organ-
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isms, and where some of her relations with others seemed difficult to her, she was highly respected and her rapport with
almost all of her colleagues was at least cordial.
Now all that seemed to change. As her isolation reached into
her intellectual and professional lives, it deepened and took on
new dimensions. Her efforts to talk about her work during the
1950s were in vain, and the principal consequence was that she
stopped talking and, except for the annual reports in the CIW
Yearbook, stopped publishing.
She withdrew further into her work, protected more and
more by her "inner knowledge" that she was on the "right
track," but at the same time becoming increasingly wary about
confronting potentially hostile audiences, and even about visits
from unsympathetic colleagues. Her lab remained open to anyone who genuinely wanted to listen or even just to talk, but she
had always had a quick sharp tongue and now used it to protect
herself whenever she felt the need. Lotte Auerbach, an animal
geneticist from the University of Edinburgh, was one of those
who wanted to listen. She found McClintock surprisingly patient and clear. In the space of a single afternoon McClintock
was able to explain her work in sufficient detail to leave Auerbach not only convinced, but enormously impressed-and enthusiastic enough to try (unsuccessfully as it turned out) to
convince others upon her return to Europe. But Auerbach also
remembers Joshua Lederberg returning from a visit to McClintock's lab with the remark: "By God, that woman is either crazy
or a genius." As Auerbach tells it, McClintock had thrown
Lederberg and his colleagues out after half an hour "because of
their arrogance. Shy was intolerant of arrogance. . . . She felt
she had crossed a desert alone and no one had followed her."3
McClintock's own account puts a more cheerful face on those
painful years. Once she got used to the realization that most
geneticists did not want to know what she was working on, "it
didn't bother me at all." Later, she says, she came to feel actually "glad." "It was fortunate, because people love to talk about
themselves and their work, and I had an opportunity to listen.
And I listened very carefully." One reason she found it worth-
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while was that so much was going on in genetics during those
years. "I was being educated, and it was an opportunity for me
I do not regret; in fact, I think it was a great opportunity not
to be listened to, but to listen. Difficult as it may seem."
But for all the new things there were to learn about, and for
all the pleasure she got from her own work, the atmosphere at
Cold Spring Harbor was sufficiently uncongenial for her to consider leaving. More than once she wrote to Marcus Rhoades for
help in finding another place. She never did leave, but to this
day she will not give a seminar at her own institution.
On the face of it, there is no good reason to think that things
would have been any better elsewhere. But Cold Spring Harbor
does hold a rather special place in the biological history of that
period, and some of the features that helped to make the 1950s
at Cold Spring Harbor unique may have widened the gap that
separated McClintock from the rest of her scientific community. To see why that might have been, we need to face the
question of what went wrong between McClintock and her
colleagues.
One cannot explain the initial responses of her community
(she was "incomprehensible," "mystical," even "mad") by saying, "Well, she was wrong." The notion that she was "ahead of
her time" is more apt, but does not really help. Does it mean
that her hunches were lucky and that one needed to wait three
decades for adequate proof? Or that the evidence she had
amassed could not be fitted into the expectations and preconceptions of the time? Because of the later legitimization of
transposition, we are both given the opportunity and, in fact,
granted the mandate to discuss these questions.
When we say we do not "understand" someone's argument,
we usually mean that we do not perceive the underlying logic
that makes all the parts of what the other is saying go together;
we don't "get the picture." To say someone is obscure is to put
the burden of that failure in communication on the speaker,
something we feel entitled to do when many or the majority of
supposedly competent listeners do not understand. Clearly, this
is a judgment that, although it puts the onus on the speaker (or
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writer), also reflects the particular presuppositions, experiences, and expectations of that majority. Obscurity is, even with
the most sophisticated audience, a relational attribute; it refers
not simply to the properties of what is spoken (or written) but
to how the message is heard (or read) as well. Looking at it in
this way, we can avoid the futile argument about whose "fault"
that failure of communication was. To be sure, when a scientist
has new results to present, we generally agree that it is the
responsibility of that scientist to bridge the gap that has arisen
between his or her own expertise and that of others. McClintock did not effectively fulfill that responsibility. The question
is: Could she have?
Perhaps, in 1951, it would have been possible. But given her
initial failure and the subsequent events that took over in
biology, the gap between McClintock and her colleagues soon
became too wide and, I suggest, unbridgeable. There seem to
be two separate but not unrelated sources of difficulty: one
pertaining to the revolutionary implications of her findings, and
the other to the particular nature of her knowledge and understanding.
It is a commonplace about scientific discourse that the more
a claim is at odds with accepted beliefs, the more resistance it
encounters. (It is also the case that any divergent claim is by its
fnature hard to understand, even for those who listen with good
will.) And the results McClintock reported in 1951 were totally
at variance with the view of genetics that predominated. The
biggest problem was, if genetic elements were subject to a
system of regulation and control that involved their rearrangement, what meaning was then left to the notion of the gene as
a fixed, unchanging unit of heredity? Central to neo-Darwinian
theory was the premise that whatever genetic variation does
occur is random, and McClintock reported genetic changes that
are under the control of the organism. Such results just did not
fit in the standard frame of analysis.
But it was not only the ideas themselves that were foreign,
and hence difficult to grasp for most geneticists; the very kinds
of evidence she presented, or rather the patterns it formed,
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were also difficult to follow. When McClintock initially presented her work at the 1951 Cold Spring Harbor Symposium,
she undertook to describe a system she had lived and worked
with for over six years-in a plant she had worked with for
almost thirty years. Her knowledge of maize was more intimate
and more thorough than that of anyone else in the audience.
Furthermore, while she had always been accustomed to working largely alone, the six years of work on this particular system
had proceeded in special isolation. True, she had talked almost
daily with Witkin and had corresponded regularly with
Rhoades (and Stephens), but that communication had been, for
the most part, one way. She had developed her ideas alone,
without benefit of the mutual understanding that can grow out
of ongoing discussion with colleagues. Once the details had
fallen into place and the patterns had become clear to her, she
had to confront the task of making it visible to others. To accomplish this task, she needed a language of discourse in common
with her audience.
Scientists and philosophers of science tend to speak as if "scientific language" were intrinsically precise, as if those who use
it must understand one another's meaning, even if they disagree. But, in fact, scientific language is not as different from
ordinary language as is commonly believed; it, too, is subject to
imprecision and ambiguity and hence to imperfect understanding. Moreover, new theories (or arguments) are rarely, if
ever, constructed by way of clear-cut steps of induction, deduction, and verification (or falsification). Neither are they defended, rejected, or accepted in so straightforward a manner.
In practice, scientists combine the rules of scientific methodology with a generous admixture of intuition, aesthetics, and philosophical commitment. The importance of what are sometimes
called extrarational or extralogical components of thought in
the discovery of a new principle or law is generally acknowledged. (We may recall Einstein's description: "To these elementary laws there leads no logical path, but only intuition,
supported by being sympathetically in touch with experience."4 But the role of these extralogical components in persua-
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sion and acceptance (in making an argument convincing) is less
frequently discussed, partly because they are less visible. s The
ways in which the credibility or effectiveness of an argument
depends on a realm of common experiences, on extensive practice in communicating those experiences in a common language, are hard to see precisely because such commonalities are
taken for granted. Only when we step out of such a "consensual
domain"-when we can stand out on the periphery of a community with a common language-do we begin to become
aware of the unarticulated premises, mutual understandings,
and assumed practices of the group.
Even in those subjects that lend themselves most readily to
quantification, discourse depends heavily on conventions and
interpretation-conventions that are acquired over years of
practice and participation in a community. Thus even an argument in theoretical physics-the most extensively mathematicized of all sciences-depends on communally shared conceptions of the meaning of the terms in an equation and on the
relation of the equations to the processes they represent. When
such a common "language" is absent, arguments cease to be
effective, even if the equations are impeccable.
An especially good illustration of the role of such different
"languages" in physics is provided in Freeman Dyson's recent
autobiographical reminiscences. Dyson recalls his own role as
"interpreter" of the brilliant but poorly understood Richard
Feynman. Seeing Feynman unable to communicate with Hans
Bethe and the other grand masters, Dyson decided that his job
"would be to understand Dick [Feynman] and explain his ideas
in a language that the rest of the world could understand."6
Obviously, Feynman's own attempts to explain his simple but
unorthodox methods weren't succeeding. "Nobody understood
a word Dick said."7 And when Dyson finally "got the hang" of
Feynman's arguments, he could understand why.

The reason Dick's physics was so hard for ordinary physicists to
grasp was that he did not use equations.... Dickjust wrote down
the solutions out of his head without ever writing down the
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equations. He had a physical picture [my italics] of the way
things happen, and the picture gave him the solutions directly
with a minimum of calculation. It was no wonder that people
who had spent their lives solving equations were baffied by him.
Their minds were analytical; his was pictorial. My own training
... had been analytical. But as I listened to Dick and stared at the
strange diagrams that he drew on the blackboard I gradually
absorbed some of his pictorial imagination and began to feel at
home in his version of the universe.... [Over time, Feynman's
ideas have been] slowly absorbed into the fabric of physics, so
that now, after thirty years, it is difficult to remember why at the
beginning we found it so hard to grasp. I had the enormous luck
to be there at Cornell in 1948 when the idea was newborn, ...
I witnessed the concluding stages of the five-year-Iong intellectual struggle by which Dick fought his way through to his unifying vision. 8

In fields less amenable to quantification and more dependent
on qualitative judgment than physics, the weight of interpretive tradition is correspondingly greater. When divergences of
experience and "language" arise in such fields, the presence of
interpreters-translators such as Dyson-is critically important.
Some mediation between disparate experiences and "languages" must be established. But by the same token, the task
of such mediation can be much more difficult in fields more
dependent on qualitative judgment. Perhaps the greatest
difference among scientific fields lies in the kinds of practice
necessary for effective communication. In theoretical physics
much of that practice, and, in particular, much experience with
the interplay between verbal and mathematical symbols, can
be acquired by reading the printed page. In other fields, it
requires more physical, active participation with the material
itself. Cytogenetics is just such a field.
Arguments in cytogenetics employ an interplay of qualitative
and quantitative reasoning in which the quantitative analysis
rests on a host of prior judgments that remain necessarily qualitative. In particular, before the effects of specific genetic crosses
can be counted, distinct phenotypic and cytological traits need

148 A Feeling for the Organism

A Different Language 149

to be identified. Both of these processes of identification require
kinds of experience not easily communicated to those who have
not participated in the actual observations. They require an
extensive training of the eye. And McClintock's eye was surpassingly well trained. "Seeing," in fact, was at the center of her
scientific experience.
For all of us, our concepts of the world build on what we see,
as what we see builds on what we think. Where we know more,
we see more. But for McClintock, this reciprocity between cognitive and visual seems always to have been more intimate than
it is for most. As if without distinguishing between the two, she
knew by seeing, and saw by knowing. Especially illustrative is
the story she tells of how she came to see the Neurospora
chromosomes. Unwilling to accept her failure to see these
minute objects under the microscope-to pick them out as individuals with continuity-she retreated to sit, and meditate,
beneath the eucalyptus trees. There she "worked on herself."
When she felt she was ready, she returned to the microscope,
and the chromosomes were now to be seen, not only by her,
but, thereafter, by others as well.
If this were a story of insight arrived at by reHection, it would
be more familiar. Its real force is as a story of eyesight, and of
the continuity between mind and eye that made McClintock's
work so distinctive and, at the same time, so difficult to communicate in ordinary language.
Through years of intense and systematic observation and interpretation (she called it "integrating what you saw"), McClintock had built a theoretical vision, a highly articulated image of
the world within the cell. As she watched the com plants grow,
examined the patterns on the leaves and kernels, looked down
the microscope at their chromosomal structure, she saw directly into that ordered world. The "Book of Nature" was to be
read simultaneously by the eyes of the body and those of the
mind. The spots McClintock saw on the kernels of com were
ciphers in a text that, because of her understanding of their
genetic meaning, she could read directly. For her, the eyes of
the body were the eyes of the mind. Ordinary language could
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not begin to convey the full structure of the reading that
emerged.
Now that a number of biologists have become motivated to
understand McClintock's work, one can get a glimmer of what
the difficulties have been and what it takes to overcome them.
Over and over again, these scientists locate their "breakthrough" in the experience of "seeing the patterns" on the
actual kernels of com; finding, in one biologist's words, "a single
color photograph more illuminating than all her papers put
together. "
Evelyn Witkin's description of how her own understanding
had developed, by looking over McClintock's shoulder, is further illustrative. Looking at the material, guided by McClintock's running narrative, she, too, learned to "actually see the
genes turning on and off."
Witkin can be said to have learned a special kind of language
-a language in which words and visual forms are woven together into a coherent structure of meaning. Once knowing the
"language," Witkin could say that the arguments McClintock
presented were as convincing and the proof as rigorous as any
she knew. But to others with whom McClintock had not interacted as extensively, they were "incomprehensible."
In order to "see" what McClintock "saw," Witkin had to learn
more than a new "language"; she needed to share in McClintock's internal vision. In that sense, "seeing" in science is not
unlike "seeing" in art. Based on vision, our most public and our
most private sense, it gives rise to a kind of knowledge that
requires more than a shared practice to be communicable: it
requires a shared subjectivity.
In his classic work Art and Visual Perception, Rudolf Amheim reminds us:
The human mind receives, shapes, and interprets its image of the
outer world with all its conscious and unconscious powers, and
the realm of the unconscious could never enter our experience
without the reflection of perceivable things. There is no way of
presenting one without the other. 9
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Inevitably, "seeing" entails a form of subjectivity, an act of
imagination, a way of looking that is necessarily in part determined by some private perspective. Its results are never simple
"facts," amenable to "objective" judgments, but facts or pictures that are dependent on the internal visions that generate
them. In ordinary life, these private perspectives seldom
emerge as discrepancies; the level of shared vision required for
people to cooperate is usually met. But science and art alike
make tougher demands on intersubjectivity: both are crucially
dependent on internal visions, committed to conveying what
the everyday eye cannot see.
The role that vision-in both the literal and the metaphoric
sense-plays in scientific creativity has not been lost to others.
Gerald Holton, an astute observer of the scientific imagination,
has commented on its importance in the creative experience of
two particular scientists, Robert Millikan and Albert Einstein.
According to Holton, as Saint Thomas saw seraphim and Jean
Perrin saw atoms, so Millikan saw electrons. 1o Holton cites
three critical factors in Millikan's style of research:
(1) His capacity of looking with fresh, clear eyes at what was
going on; (2) his powers of visualization as an aid in drawing
conclusions; (3) behind all these, almost unconfessed and certainly unanalyzed, a preconceived theory about electricity
which gave him eyes with which to look and interpret. 11

Better known is the example of Einstein, who was led to
relativity by imagining the visual experience of a traveller on
a beam of light. Later, he commented: "During all those years
there was a feeling of direction, of going straight toward something concrete. It is, of course, very hard to express that feeling
in words.... But I have it in a kind of survey, in a way visually."12 For Einstein, mathematics itself was to be "seen." He
wrote: "The objects with which geometry deals seemed to be
of no different type than the objects of sensory perception
'which can be seen and touched: "13 And Holton comments: "The objects of the imagination were to him evidently
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persuasively real, visual materials, which he voluntarily and
playfully could reproduce and combine, analogous perhaps to
play with shapes in a jigsaw puzzle.14
In both of Holton's examples, as in Dyson's description of
Feynman, the subjective aspects of vision were important primarily in the processes of discovery. The requirements of verification lay elsewhere. For McClintock, given the nature of the
evidence with which she worked, discovery and verification
both relied equally on "seeing." In this sense, her medium more
closely resembles that of the artist: in both cases, the success of
the end product depends on the possibility of a like-minded
vision in the viewer. The very task of consensual validation, of
"appealing to the evidence," requires a degree of intersubjectivity, of shared vision as well as shared language, on which she
found she could not count. As a consequence, her reading of the
"Book of Nature" remained her own.

• • •
Throughout the 1950s, the prospect of a common vision receded further and further. As McClintock's own research continued to enrich the picture she had formed in the 1940s, the
specific events occurring elsewhere in genetics were leading
most biologists down quite a different path. But that divergence
of paths is another story, the telling of which requires us to look
at what those new events were and what they implied.

