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Introduction

Start with indisputable truths. Albert Einstein was a genius, probably
the greatest scientific genius of the twentieth century; and the history of
twentieth-century physics would have been quite different without him. But
while indisputable, these are not very interesting truths. More interesting,
to me at least, is the specific nature of Einstein’s genius and the specific
difference he made in the history of science in our century. I am also
interested in the reasons why our culture needs to manufacture the genius as
icon and in the consequences of our public celebration of genius, especially
the pedagogical consequences.

Regarding Einstein‘s place in the history of twentieth-century physics,
I will argue that, had there not been an Einstein, the fine-structure of
twentieth-century physics would have been quite different, but that the
macro-structure would have been largely the same. However, the reasons for
this will have rather less to do with the power of truth to triumph over
error, and rather more to do with the way young scientists are educated,
socialized, and enculturated. Concerning the nature of Einstein’s genius, I
will argue that what made Einstein the genius he was, apart from an
obvious intellectual capacity, unusual powers of concentration, and some
quirky personal habits, was a certain way of doing physics distinguished by
its methodological and philosophical sophistication, this in important
measure the result of his training and independent reading in the history and
philosophy of science.

In answer to the question why our culture needs to construct the genius
as icon, I will argue that we confront here a mixture of estimable and
questionable psychological and ideological factors, ranging from a com-
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mendable desire to inspire the young to emulate their heroes, to a more
troubling tendency in our culture to valorize an authoritarian and anti-
democratic conception of intellect. Finally, concerning the pedagogical
consequences of our celebration of genius, I will argue that it makes not
more, but less likely the production of new young Einsteins, because it
removes an Einstein from the realm of the merely human and thus from the
realm of what we can aspire to for ourselves and our students.

The Einstein who emerges from this discussion will probably not
resemble much the Einstein whose heroic, larger-than-life image we all
carry around with us. My aim is not to belittle Einstein and his achieve-
ments. Rather, I want to try to humanize Einstein and his accomplish-
ments, both as a gesture of respect to his memory and as something
necessary for our learning the real lessons of his legacy.

The Place of Genius in History

Einstein was a genius, and the history of twentieth-century physics
would have been quite different without him. Born in 1879, he came of age
at the turn of the century, a moment when the grand structure of classical
Newtonian mechanics and Maxwellian electrodynamics was about to fall
apart. By 1905, a bare five years after completing his university studies, at
the young age of twenty-six, he had secured for himself a place in history as
the discoverer of the special theory of relativity and one of the architects of
the quantum theory, the two basic theories that, to this day, define the
framework of fundamental physics. Ten years later, in 1915, he capped off
these earlier achievements with the establishment of the general theory of
relativity. Black holes, worm holes, dark matter, and the big bang; the
atomic bomb, atomic power, superconductors, and supercomputers—all
trace their genealogies back to Einstein in one way or another. No thinker
in the thirty-eight years since his death has displayed the range and
originality of Einstein; no one can claim to have shaped our understanding
of nature to such an extent as he. But what is this genius? And how did it
change the world?!

How better to start our inquiry into the nature of genius and its place in
history than with Einstein‘s own thoughts on these subjects? And where
else to look than to his remarks about perhaps his own greatest scientific
hero, Isaac Newton, the seventeenth-century English thinker who
established the formal basis of mechanics and the fundamental conceptions
of space and time that reigned for over two hundred years, until being
overthrown by relativity theory. In March of 1927, on the two hundredth
anniversary of Newton‘s death, Einstein wrote in the German scientific
periodical, Die Naturwissenschaften:
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We feel impelled at such a moment to remember this brilliant
genius, who determined the course of western thought, research,
and practice like no one else before or since. . . . The figure of
Newton has, however, an even greater importance than his genius
warrants because destiny placed him at a turning point in the
history of the human intellect (Einstein 1927: 253-254).

And on the three hundredth anniversary of Newton‘s birth, in December
1942, Einstein wrote about Newton in the Manchester Guardian:

To think of him is to think of his work. For such a man can be
understood only by thinking of him as a kind of vessel in which
the struggle for eternal truth is played out. Long before Newton
there had been virile minds who conceived that it ought to be
possible, by purely logical deduction from simple physical
hypotheses, to make cogent explanations of phenomena perceptible
to the senses. But Newton was the first to succeed in finding a
clearly formulated basis from which he could deduce a wide field of
phenomena by means of mathematical thinking, logically,
quantitatively and in harmony with experience. . . . How did this
miracle come to birth in his brain? Forgive me, reader, the
illogical question. For if by reason we could deal with the problem
of the “how,” then there could be no question of a miracle in the
proper sense of the word. It is the goal of every activity of the
intellect to convert a “miracle” into something which it has
grasped. If in this case the miracle can be overcome, our admiration
for the mind of Newton becomes only the greater thereby (Einstein
1942: 219-220; translation corrected).

Einstein’s Newton is “a kind of vessel in which the struggle for eternal
truth is played out”; he is important beyond what his mere genius warrants,
“because destiny placed him at a turning point in the history of the human
intellect.”

There is a curious tension between such remarks and what Einstein
elsewhere says about the nature of the scientific intellect. For Einstein is
famous for insisting that all scientific theory is the “free creation of the
human mind” (see, for example, Einstein 1921: 234). The exercise of the
creative imagination is what distinguishes the theoretical physicist (a type
of thinker that was first being invented by Einstein and his contemporaries)
from the experimentalist. The need to secure a place for freely-created theory
was what led Einstein to repudiate the stringent verificationist demands of
logical positivism (Howard 1994). But how is one to reconcile the active
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image of the freely-creating scientific intellect with the more modest,
passive image of a Newton who is merely “a vessel in which the struggle
for eternal truth is played out?”

To begin with, what are the scope and limits of the theoretician‘s
creative freedom? Sometime around 1909, Einstein read one of the most
important and influential works of turn-of the-century philosophy of
science, Pierre Duhem's La Théorie physique. Son objet et sa structure [The
Aim and Structure of Physical Theory] (Duhem 1906, 1908). Duhem is
famous for defending a point of view about the nature of scientific theory
called underdeterminationism, the main idea of which is that any body of
empirical evidence can be equally well explained by any of a number of
theories, which, for that very reason, count as empirically equivalent. One‘s
choice among these empirically underdetermined theories may be guided, in
the absence of determining empirical evidence, by aesthetic criteria, like
simplicity; but that choice still has the logical status of a convention.

Let me illustrate with an example invented by another influential
conventionalist philosopher of science, Henri Poincaré, and published in his
La Science et I'hypothése [Science and Hypothesis] (Poincaré 1902b),
which was also read by the young Einstein. Assume that we try to
determine the geometry of physical space by means of a cosmic triangula-
tion and find that the sum of the angles of a triangle formed by a diameter of
the earth’s orbit and a distant star is slightly greater than 180°. Do we then
have determining empirical evidence for the claim that the geometry of
physical space is non-Euclidean? No. That could be the case, but it also
could be that we were wrong when we assumed, implicitly, that the light
rays we use in such a triangulation follow straight-line paths. In other
words, we could equally well explain the results of our observations by at
least two different total bodies of theory: (1) non-Euclidean geometry plus
ordinary physical optics (straight-line trajectories of light rays); or (2)
euclidean geometry plus non-standard physical optics (curved trajectories of
light rays). The latter option will require the postulation of new, very
complicated forces to explain the bending of the light rays, and so will be
more complicated that the first “theory.” But, from a purely empirical point
of view, the two “theories” are equivalent, and so the choice between them
is not dictated by experience. Our choice therefore has the status of a
convention.2

Einstein was heavily influenced by his reading of Duhem,
underdeterminationism becoming a central feature of his mature philosophy
of science. Einstein followed Duhem in using underdetermination as a
powerful argument against the emergent logical positivism that we often
associate, in its early stages, with the name of Emst Mach. Like Duhem,
Einstein worried about the characteristic positivist demand for the empirical
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verification not merely of whole theories—something Einstein and Duhem,
as good empiricists did not deny—but of each individual statement in a
theory. Their worry was that this demand for piecemeal empirical
verification was too much an experimentalist’s philosophy of science, that
it would restrict the progress of science by denying the creative theorist the
freedom to invent new ways of seeing the world. If one settles, instead, for
the empirical confirmation of whole bodies of theory—hence the other
common name for Duhem’s position, holism—then there may be room in
one‘s theory for some pieces that are, themselves, only indirectly tied to
experience. And this is important, because, in Einstein’s mind, it was at the
level of deep theory, only indirectly tied to experience, where one finds
those fundamental insights that yield the unified understanding of nature that
is the goal of all physics.3

Einstein actually once drew a picture of this conception of theory
(Figure 1). It is found in a letter to his old friend, Maurice Solovine of 7
May 1952 (Einstein 1987: 134-139). The system of axioms, A, is tied to
experience only indirectly, through the derived statements, S; and even these
are connected to experience only “intuitively,” as Einstein tells us elsewhere
(Einstein 1936: 316). It is at the level of the A that one will find the unified
understanding provided by a general theory of relativity, a quantum theory,
or a grand-unified theory.
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Fig. 1.

In this letter, and in many other writings, Einstein expressed the basic
Duhemian point about the failure of empirical evidence or experience, E, to
determine uniquely our choice of a body of theory, the A in this case, by
writing: “There is no logical route leading from the E°s to the A ‘s, but only
an intuitive connection” (Einstein 1987: 136). Einstein insisted on the
absence of a logical connection, because it is precisely here that the
theorist‘s creative imagination is needed. One requires the insight, the
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genius of the theorist, if you will, to make the leap from observation to
deep theory.

But to return to our puzzle, how can it be that a freely-creating
scientific genius is merely a “vessel in which the struggle for eternal truth
is played out?” In some of the essays where Einstein talked about the
absence of any determining, logical relationship between experience and
theory, he added an interesting qualification. He said that, “in principle,”
there is no such determining logical relationship, but that, “in practice,” it
almost always appears as though there is. Thus, in a 1918 address in honor
of the sixtieth birthday of Max Planck, another of Einstein’s heroes as a
pioneer theoretical physicist, Einstein wrote:

- The supreme task of the physicist is . . . the search for those most
general, elementary laws from which the world picture is to be
obtained through pure deduction. No logical path leads to these
elementary laws; it is instead just the intuition that rests on an
empathic understanding of experience. In this state of methodolog-
ical uncertainty one can think that arbitrarily many, in themselves
equally justified systems of theoretical principles were possible;
and this opinion is, in principle, certainly correct. But the
development of physics has shown that of all the conceivable
theoretical constructions a single one has, at any given time,
proved itself unconditionally superior to all the others. No one
who has really gone deeply into the subject will deny that, in
practice, the world of perceptions determines the theoretical system
unambiguously, even though no logical path leads from the per-
ceptions to the basic principles of the theory (Einstein 1918: 31).

So the freely-creating theorist is, in principle, not logically constrained by
experience in the construction of deep theory. Yet, in practice, there is the
appearance of such constraint. How can this be?

In another place, Einstein provides us a clue. We find it in a 21 May
1917 letter to Moritz Schlick. The immediate subject was a criticism of
Mach’s positivism in Schlick’s monograph, Raum und Zeit in die
gegenwdrtigen Physik [Space and Time in Contemporary Physics] (Schlick
1917). Einstein largely agreed with Schlick, but he suggested a clarification:

The second point to which I want to refer concerns the reality
concept. Your view stands opposed to Mach‘s according to the
following schema:

Mach: Only impressions are real.
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Schlick: Impressions and events (of a phys[ical] nature) are

real.

Now it appears to me that the word “real” is taken in different
senses, according to whether impressions or events, that is to say,
states of affairs in the physical sense, are spoken of.

If two different peoples pursue physics independently of one
another, they will create systems that certainly agree as regards the
impressions (“elements” in Mach's sense). The mental construc-
tions that the two devise for connecting these “elements” can be
vastly different. And the two constructions need not agree as
regards the “events”; for these surely belong to the conceptual
constructions. Certainly only the “elements,” but not the “events,”
are real in the sense of being “given unavoidably in experience.*

But if we designate as “real” that which we arrange in the
space-time-schema, as you have done in the theory of knowledge,
then without doubt the “events,” above all, are real.

Now what we designate as “real” in physics is, no doubt, the
“spatio-temporally-arranged,” not the “immediately-given.” The
immediately-given can be illusion, the spatio-temporally arranged
can be a sterile concept that does not contribute to illuminating the
connections between the immediately-given. I would like to
recommend a clean conceptual distinction here (EA 21-618).

Note that the “events” spoken of here are spacetime events, the points of the
spacetime manifold, hence the most basic elements of the ontology of
general relativity. Note also—as if it needed mention—that the Schlick of
1917 was a very different Schlick from the one who, a few years later,
founded the Vienna Circle.

Two different peoples can devise “vastly different” mental construc-
tions—different theories—for connecting the Machian “elements of
sensation.” But under what circumstances? If they “pursue physics
independently of one another.” Einstein‘s anthropological image suggests a
situation in which there is no history of cultural contact between the “two
peoples.” What else could be meant by their having pursued physics
“independently of one another”? What is missing is a shared culture. Its
absence makes possible their creating different theories. But if there were a
shared culture, if they had not pursued physics independently of one another,
what would follow? The likelihood that they would not devise “vastly
different” theories.

In other words, Einstein seems to be saying that what brings about the
appearance, in practice, of experience uniquely determining our choice of
theory is precisely our participation in a common scientific culture. And
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this makes good sense. We may be free, logically, to devise all manner of
radically different theoretical representations compatible with a given body
?f empirical evidence. But if we come from the same schools, read the same
Journals, have our grant proposals refereed by the same colleagues, and
idolize the same scientific heroes, then it is not unlikely that we will i)ring
to the task of theory creation more or less the same set of stock images

models, metaphors, and heuristics. This is just Kuhn‘s point about the,
power of paradigms in the socialization of the scientist.

) Pubem made the same point in La Théorie physique, albeit in a more
florid”” manner:

Contemplation of a set of experimental laws does not, therefore
suffice to suggest to the physicist what hypotheses he should
f:hoose in order to give a theoretical representation of these laws; it
is also necessary that the thoughts habitual with those among
v&fhom he lives and the tendencies impressed on his own mind by
h.lS previous studies come and guide him, and restrict the exces-
sively great latitude left to his choice by the rules of logic. . . . On
the other hand, when the processes of universal science have
Prepared minds sufficiently to receive a theory, it arises in a nearly
inevitable manner and, very often, physicists not knowing each
other and pursuing their reflections at a great distance from each
f)ther generate the theory at the same time. One would say that the
1df3a is in the air, carried from one country to another by a gust of
wind, anq is ready to fertilize any genius who is disposed to
welcome it and develop it, as with pollen giving birth to a fruit
wherever it meets a ripe calyx. . . . Logic leaves the physicist who
would like to make a choice of a hypothesis with a freedom that is
almost absolute; but this absence of any guide or rule cannot
embarrass him, for, in fact, the physicist does not choose the

hypothesis on which he will base a theory; he does not choose it
any more than a flower chooses the grain of pollen which will

fertilize it; the flower contents itself with keeping its corolla wide
open to the breeze or to the insect carrying the generative dust of
the fruit; in like manner, the physicist is limited to opening his
thought through attention and reflection to the idea which is to
take seed in him without him (Duhem 1906: 255-256).

. Here is the solution to our puzzle then. To the extent that the scientist
is pa'rt of a common scientific culture, even the genius is little more than a
passive “vessel in which the struggle for eternal truth is played out,” a
flower waiting for the pollen. And we are all, even an Einstein, part (’>f a

6. The Nature of Scientific Genius 119

common culture. The measure of our freedom, practically speaking, is the
measure of our independence from that culture; but this independence can
never be complete.

Something more is suggested by the image of the “vessel,” or even
better by the Duhemian image of the flower. It is that, come what may, a
vessel or a flower will be found; if not Newton, if not Einstein, then
someone elsé. In no way is the originality of an Einstein diminished by this
suggestion. As we shall see, there were good reasons for Einstein being the
flower upon which was deposited the pollen of relativity. But if he were not
there, the bee would have found another flower. It may have hesitated
between several less attractive flowers; it may have taken longer; but
eventually a place for the pollen would have been found.

The very fact that one is part of a common scientific culture helps to
guarantee this. Consider the case of Einstein and relativity. Legend
celebrates the lonely genius, struggling in scientific isolation as a clerk in
the Swiss Federal Patent Office. Relativity springs newborn from an act of
creative insight. The truth is more mundane. Virtually every piece of the
puzzle of relativity was to be found in the physics literature in 1905. The
basic idea of relativity was as old as Newton himself; Newton’s contem-
porary, Christian Huygens, made crucial use of the idea of transforming
from the lab frame to the center-of-mass frame to derive the laws of impact.
The Lorentz transformations together with the mathematical equivalents of
length contraction and time dilation had been well known for ten years in
H.A. Lorentz‘s electrodynamics. The key insight about the definition of
distant simultaneity can be read out of an 1898 essay of Poincaré’s, “La
Mesure du temps” [“The Measure of Time”] (Poincaré 1898). Even the
velocity-dependence of mass was a commonplace in the literature on the
electron theory of matter, although it was derived from premises rather
different from Einstein’s.¢ Einstein was the first to put all of these pieces
together, but if he had not done it, someone else would; and that probably
sooner, rather than later.

Another physicist’s theory of relativity may well have looked a little
different; the pieces may have been put together in a slightly different way.
But that's exactly what one would expect if Duhem's underdeterminationist
picture of the relation between theory and evidence is correct. It is in the

nature of the case that there will be many different ways to put the pieces of
the puzzle together, all of them, in the end, yielding theories that equally
well explain the evidence at hand. And some of the pieces may actually have
been different. After all, we know that one could construct a theory
empirically equivalent to general relativity but preserving a four-
dimensional Euclidean geometry of physical spacetime; one need only
postulate unusual forces to make it possible. But, again, it would have
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happened. Indeed, the fact that the resultant theory need not have looked
exactly like Einstein’s theory of relativity, the fact that a multiplicit f
different theories could have done the same work, this fact makespit allyth0
more li.kely that someone else would have come along in a very few year:
proposing an empirically-equivalent alternative to Einsteinss theory.s
.Notxce, by the way, that I am not arguing that the truth will triumph
finding one or another human vehicle for its expression. Quite the contr. vy,
Wl?ereas.the scientific realist assumes the existence of one truth towﬁ
w!nc? SC{entiﬁc inquiry inevitably converges, Duhemian underdétermin
ationism 1mpli(.ts a view of inquiry as an ever-ramifying tree structure witl;
an every growing multiplicity of theoretical possibilities at every 'ur;ctur
in hlstm.'y. The Duhemian view entails the existence of many trutlis all i’
them 'dxfferent, but all of them equally capable of making ser;se of
experience. This is not radical relativism; it is not the claim that an thi:
goes. For the Duhemian, as much as the positivist or the realist gnsisti
upon the control of theory by experience. It is just that the Duhem;an se
that control working in a less determinative way. ®

The Nature of Genijus

Einstein was the first to recejv ivi
he was different. In what way was hz (ti}il:fé)r(gf; o reltivity. Why? Because
_ stan yvith the plainer facts. To begin with, Einstein had a first-class
tra.mmg” in physics at the Swiss Federal Polytechnical Institute
gEgldgenossmche Technische Hochschule—ETH), where he studied from
| 96 to 1900.. And, even though he frequently skipped the more boring
ectures, relying on the notes of his friend, Marcel Grossmann, he
neverfheless pursued his education with a passionate intensit (;ften
spendmg long hours outside of the classroom reading the latest literya,ture in
the leading physics journals, like the Annalen der Physik. Then too, he had
extraordinary powers of concentration. Reputedly he could sim 1’ think
rabout a problem straight through for hours on end, even days at : t)ilme If
mter'rupted, whether for a few minutes or an hour, he could instantl ick
up ‘hls train of thought where he left it. I have no reason to doubtytlrl)ese
claims, though they smack of hagiography. But even if they are true, th
don‘t begin'to give us the measure of Einstein’s genius. e
One n'ught think to look for a psychological explanation. On at least
tw.0 occasions, Einstein was questioned closely about the manner of his
thinking, once by the psychologist, Max Wertheimer, and once by the
mathematician, Jacques Hadamard. On both occasions, Einstein stressed the
fact that he did not think in words, but in visual or even “muscular” images
the translation into words being a later, and often very difficult sgtcp’
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(Hadamard 1949: 184; Wertheimer 1945: 142-143). But as important as this
might be, it is not at all clear that a nonverbal way of thinking in any way
distinguishes an Einstein from lesser thinkers. On the contrary, thinking in
images is probably the norm.

What did Einstein lack? His mathematical talents were limited, to say
the least. One of his teachers, the mathematician, Hermann Minkowski,
remembered him as a rather undistinguished student. In later years, Einstein
came to regard the pursuit of mathematical simplicity as a high road to truth
in physics; but his knowledge of mathematics was limited, as was his
facility in calculation. He was in awe of David Hilbert’s ability to work out
a new mathematical framework for general relativity in the space of a couple
of months, when he, himself, had struggled with the problem for eight
years, and had been forced to turn to his former classmate, Grossmann, for
elementary instruction in differential geometry. Einstein also lacked a sense
of detail. Small mathematical errors are not uncommon in his early papers,
which he seems never to have proofed.

More interesting are some facts about Einstein’s personal habits and

social and professional circumstances. Einstein was a very independent
person, especially in his younger, most productive years. Partly by personal
inclination, but also partly by force of circumstance, he was cut off from
the normal career path of a young physicist. Denied an expected position as
assistant to his major professor, H.F. Weber, at the ETH, Einstein spent
the first year and a half after graduation in undistinguished temporary jobs,
first as a temporary, replacement teacher of physics at the technical high
school in Winterthur, and then, briefly, as a tutor at a private school in
Schaffhausen. We remember him best working for over seven years, from
1902 to 1909, far out of the professional mainstream as a clerk in the Swiss
Federal Patent Office in Bern. It was here that he did all of his best early
work on relativity, the quantum, and brownian motion. No doubt such
professional isolation made possible an independence of judgment that
would have been harder to maintain if Einstein had had to contend with the
pressures of a position as assistant to a senior physicist. Challenging the
received wisdom of a whole generation of one's elders is no recipe for
success in a probationary appointment.

But Einstein’s isolation in those early years was not total. He was
regularly reading the physics journals. He struck up a relationship with
some of the physics faculty at the University of Bern. He had scientifically
literate friends on whom he could test his evolving ideas about relativity,
most importantly his ETH classmate, Michele Besso. He found intellectual
companionship with the other members of an informal, weekly reading
group that named itself the “Olympia Academy.” And let us not forget that
he was then married to another of his ETH physics classmates, Mileva
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Marié, although, sadly, after their two sons were born, Albert and Mileva
talked physics less and less.

The sociologist, Lewis Feuer, has made an interesting, but unconvin-
cing attempt to relate Einstein’s originality to the influence of the
bohemian and politically radical student culture of turn-of-the-century Zurich
(Feuer 1974). Not that such an influence couldn‘t incline one to originality.
The problem is, rather, that Einstein seems not to have felt the influence all
that much. He was later famous as a socialist, pacifist, and Zionist. But
those convictions were planted either early, as in the case of his pacifism, or
late, as in the case of his socialism and Zionism. In his student days, he
moved in a small circle of friends, most of them fellow physics students,
like Grossmann, Besso, and Friedrich Adler, or Serbian friends of Mileva.
The only convincing case I have seen for Einstein’s contact with Zurich
political culture concerns not political refugees, like Lenin or Rosa
Luxemburg, but the Zurich branch of the Ethical Culture Society (see
Steinmiiller 1992)!

The roots of Einstein’s originality must be sought elsewhere. And
Einstein, himself, tells us where to look. In late November 1944, Einstein
received a letter from Robert A. Thornton, a brand-new, African-American
physics and philosophy of science Ph.D. from the University of Minnesota,
just then starting his first job at the University of Puerto Rico. Thornton
wanted Einstein’s opinion on the importance of including the history and
philosophy of science in the science curriculum. On 7 December, Einstein
wrote the following in reply:

I fully agree with you about the significance and educational value
of methodology as well as history and philosophy of science. So
many people today—and even professional scientists—seem to me
like somebody who has seen thousands of trees but has never seen
a forest. A knowledge of the historic and philosophical background
gives that kind of independence from prejudices of his generation
from which most scientists are suffering. This independence created
by philosophical insight is—in my opinion—the mark of
distinction between a mere artisan or specialist and a real seeker
after truth ( EA 61-574).

There is more than a little autobiography in these words. For if any one
trait distinguishes Einstein from many of his scientific contemporaries and
ours, it was the extraordinary sophistication of his understanding of
scientific methodology.

We have already touched upon some of Einstein‘s readings in turn-of-
the-century philosophy of science, specifically the works of Duhem and
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Poincaré. Even more important in teaching Einstein to be skeptical about
the prejudices of his generation were the writings of Ernst Mach, including
his Die Mechanik [The Science of Mechanics] (Mach 1897), Die Analyse
der Empfindungen [The Analysis of Sensations] (Mach 1900), and Die
Principien der Wirmelehre [The Theory of Heat] (Mach 1896).6 Einstein
was never a friend of Mach‘s doctrine of the elements of sensation, the
hallmark of positivism, later to become, in a subtly transformed version,
the centerpiece of the logical empiricist epistemology of the Vienna Circle.
What Einstein prized in Mach was, instead, Mach’s doggedly critical attitude
toward the received conceptual apparatus of physics. Einstein learned from
Mach the habit of subjecting all fundamental concepts to a searching
analysis of their historical origins and epistemological warrant. It was this
habit of mind that enabled Einstein first to understand what was wrong with
the traditional conception of absolute distant simultaneity, an insight crucial
to the development of special relativity. It was the same habit of mind that
led him to be skeptical of the way the concept of probability was introduced
into turn-of-the-century statistical physics, resulting in his invention of the
modern form of the ergodic hypothesis that equates time averages and
ensemble averages and a consequent deepening of our understanding of the
Boltzmann principle, S = k log W, a move crucial to progress in the early
quantum theory.

Einstein tells us that it was Mach from whom he learned this way of
thinking. In a 1916 obituary, Einstein praised Mach’s “independence of
judgment,” adding about his legacy:

Concepts that have proven useful in ordering things easily achieve
such an authority over us that we forget their earthly origins and
accept them as unalterable givens. Thus they come to be stamped
as “necessities of thought,” “a priori givens,” etc. The path of
scientific advance is often made impassable for a long time through
such errors. For that reason, it is by no means an idle game if we
become practiced in analyzing the long commonplace concepts and
exhibiting those circumstances upon which their justification and
usefulness depend, how they have grown up, individually, out of
the givens of experience. By this means, their all-too-great
authority will be broken. They will be removed if they cannot be
properly legitimated, corrected if their correlation with given things
be far too superfluous, replaced by others if a new system can be
established that we prefer for whatever reason (Einstein 1916: 102).

If one is to practice well this style of conceptual criticism, one must be
well read in the history and philosophy of science. And if anything stands
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out as an unusual feature of Einstein’s youthful preparation for a career ip
physics, it is this. Already in his teens, Einstein studied Immanuel Kant's
Kritik der reinen Vernunft [ Critique of Pure Reason] (Kant 1878), and at the
ETH he enrolled in a required lecture course on Kant.” On his own while at
the ETH, Einstein read the mentioned works of Mach, as well as David
Hume's Treatise of Human Nature (Hume 1895) and various of the writings
of Arthur Schopenhauer.#

Most revealing, however, is the reading list that Maurice Solovine
gives us for the Olympia Academy, whose meetings were a fixture of
Einstein’s life during the first several years of his stint in Bern. Einstein and
Solovine began with Karl Pearson’s The Grammar of Science (Pearson
1900). After they were joined by Conrad Habicht, they read, among other
things, John Stuart Mill’s Logic (Mill 1872), Spinoza’s Ethics (Spinoza
1887), several essays and lectures by Hermann von Helmholtz, André-
Maurice Ampére’s Essai sur la philosophie des sciences [Essay on the
Philosophy of Science] (Ampere 1834), Bernhard Riemann’s “Ueber die
Hypothesen, welche der Geometrie zur Grunde liegen* [“On the Hypotheses
that Form the Basis of Geometry“} (Riemann 1854), certain chapters of
Richard Avenarius® Kritik der reinen Erfahrung [Critique of Pure Experience]
(Avenarius 1888, 1890), William Kingdon Clifford’s “On the Nature of
Things in Themselves* (Clifford 1903), and Richard Dedekind’s Was sind
und was sollen die Zahlen? [What Are and What Should Be the Numbers?]
(Dedekind 1893). It was in this setting that Einstein seems first to have read
Poincaré, and here he once more read his Mach.9 ‘

When one turns to Einstein’s personal library, one finds additional
titles of interest, including Friedrich Albert Lange’s Geschichte des
Materialismus [ History of Materialism] (Lange 1873), Eugen Diihring’s
Kritische Geschichte der Principien der Mechanik [Critical History of the
Principles of Mechanics] (Dithring 1887), and Ferdinand Rosenberger’s Isaac
Newton und seine physikalischen Principien [Isaac Newton and his Physical
Principles] (Rosenberger 1895). Of course, the mere presence of a turn-of-
the-century title in Einstein’s library is no guarantee that he read the book
as a young man; but such titles bespeak the same interests that we find
expressed in the Olympia Academy reading list.

We see here the beginning of a lifelong engagement with the best
literature in the philosophy of science. In later years, this engagement
developed into personal friendships and acquaintances with the leading
philosophers of science themselves. As early as 1910, during a trip to
Vienna, Einstein made a pilgrimage to the home of the semi-invalid Mach.
Starting around 1915, he struck up a warm friendship with Moritz Schlick.
His friendship with Hans Reichenbach dates from the latter‘s auditing
Einstein’s Berlin lectures on relativity in 1919. He corresponded with Hans
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Vaihinger, a neo-Kantian famous for his  Philosophie des Als-Ob
[Philosophy of As-If] (Vaihinger 1911), and with the even more influential
neo-Kantian, Ernst Cassirer. In the 1940’s, he got to know Bertrand
Russell, with whom he had a series of discussions in Princeton, and he
contributed a lovely essay, “Remarks on Bertrand Russell’s Theory of
Knowledge* to the Russell volume in the Library of Living Philosophers
(Einstein 1944). Even the not-so-famous were favored with Einstein‘s
attention if they had something to teach him about matters philosophical,
as evidenced by his acquaintances with the minor neo-Kantians, Otto Biiek
and Ilse Rosenthal-Schneider, and the minor positivist, Joseph Petzoldt. 10

Einstein also wrote frequently on topics in the philosophy of science.
One finds everything from book reviews, such as those of works by Alfred
Elsbach (Einstein 1924b), Josef Winternitz (Einstein 1924a), and Emile
Meyerson (Einstein 1928), to major public addresses, like his 1933 Herbert
Spencer lecture, “On the Method of Theoretical Physics“ (Einstein 1933)
and long, sophisticated philosophical essays, like his 1936 “Physics and
Reality* (Einstein 1936). And let us not forget that the Einstein volume in
the Library of Living Philosophers (Schilpp 1949), to which Einstein
contributed an intellectual autobiography and a series of replies to the
critical essays it contains, was entitled Albert Einstein: Philosopher-
Scientist, a title to which Einstein did not object.

Einstein‘s engagement with the philosophy of science yielded a number
of dividends, one of the most important for an understanding of his way of
doing science being his reflections on the place of so-called “principle
theories” and “constructive theories” in physics. Einstein first introduced
this distinction in a 1919 article in the Times of London, although the
associated method was at work in his physics from at least 1905. If
anything explains Einstein‘s singular capacity to make progress where
others were blocked, it is his stress on the relative importance of principle
theories.

The “principles” constituting a principle theory are high-level empirical
regularities, like the Boltzmann principle, the conservation of energy, or,
most important for Einstein, the principle of relativity and the light
principle. Ultimate understanding in physics is provided by a constructive
theory, which provides an ontology and a model, a picture, for the physical
processes we seek to understand. Nineteenth-century mechanical models of
the ether would be good examples; in the same category go the big-bang
theory, the liquid-drop model of the nucleus, and the Copernican, geocentric
model of the planetary system. But Einstein believed that there was too
much premature model building in physics. The problem is that there are so
many possible models (remember the lesson of Duhemian underdeter-
minationism) that one does not know how to choose, and so the inertia of
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past practice takes over, inclining one to comfortable old models quite apart
from their intrinsic scientific merits. Just think how long it took physicists
to overcome their need for mechanical models of the ether.

Progress is more likely to be made, on Einstein‘s view, by first
identifying a set of principles, like conservation of energy or the relativity
principle, that can then act as constraints in the search for constructive
models. Thus, for example, whereas Lorentz‘s electrodynamics is
constructive from the start, replete with assumptions about the fundamen-
tally electrical nature of all matter and about the ether that is to be the
medium in which electromagnetic energy lives, Einstein sets out to create
an “Electrodynamics of Moving Bodies* (the title of his first 1905 paper on
special relativity) not with an ontology, but with a pair of empirically well-
confirmed principles, the relativity principle and the light principle. The
relativity principle says that the laws of physics should take the same form
in all reference frames moving relative to one another with a constant
velocity. The light principle says that, if the velocity of light in one frame
is ¢, then its velocity in all frames moving with a constant velocity relative
to the first will be the same, so that the velocity of light will be
independent of the state of motion of the source. The apparent incompatibili-
ty between these two principles is resolved by introducing the Lorentz
transformations in place of the Galilean transformations. And then one has
one‘s constraints. For now any acceptable constructive theory must satisfy
the relativity and light principles, along with all of their many consequenc-
es, including length contraction, time dilation, and the equivalence of mass
and energy. Any constructive theory not satisfying these principles, like
Max Abraham's electron theory of matter, can be ruled out from the start.

As employed by Einstein, the doctrine of principle theories was a
powerful engine of progress in physics (Howard 1990b). The strategy that
worked so well in the case of special relativity appears again and again: in
his work on the foundations of statistical mechanics, his work on the
photon hypothesis, his years-long struggle with the quantum theory, his
development of general relativity, and his failed, but not fruitless search for
a unified field theory.

There are other unique features of Einstein‘s intellectual style that time
does not permit me to discuss here. Foremost among them is his
commitment to a methodological principle of univocalness, according to
which an acceptable scientific theory must determine for itself a unique
model, or, failing that, the arbitrariness in the determination of models must
be kept to a minimum (Howard 1992; Wertheimer 1945 168-188). As with
the doctrine of principle theories and constructive theories, we find that what
helped Einstein to understand so clearly a very deep point about scientific
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method was precisely his immersion in the literature on methodology and
philosophy of science.

Need I point out that there is a lesson to be learned here by teachers of
physics, or any science, for that matter. It is the lesson stressed by Einstein
in his letter to Thornton: “A knowledge of the historic and philosophical
background gives that kind of independence from prejudices of his
generation from which most scientists are suffering. This independence
created by philosophical insight is—in my opinion—the mark of
distinction between a mere artisan or specialist and a real seeker after truth.”
If we want to train a new generation of young Einstein’s, here is a necessary
condition. We need to rethink, from the ground up, the way we teach
science. Einstein would not have been Einstein were it not for his study of
Mach and Hume, Kant and Poincaré, Duhem and Avenarius. We need to
teach our students to do more than solve problems; we need to teach them
how to think, and think deeply. That requires philosophical sophistication.

Why Do We Need Geniuses?

What about the antecedent of the last conditional, “if we want to train a
new generation of Einstein’s?” Do we? Most of you will probably say that
training geniuses is a foolish and unrealistic goal, which it is. But I hope
that, like me, you feel a moment of discomfort and embarrassment when
you give that answer. I hope that you notice and then are somewhat shamed
by the sense of dread, the sense of urgency with which you repudiate that
goal. Why do we feel this way? Something more is at work here than
pedagogical common sense.

The image of the genius is not found in every culture, nor has it always
been a part of ours. It has its roots in the Romantic period. Part of the
reaction against the Enlightenment, the image of the genius developed in
the writings of Schelling and Schlegel exalts the heart over the head, feeling
over reason. Still, it has a cognitive aspect, for the product even of artistic
genius is often thought, as by Schopenhauer, to be a kind of understanding
or insight, deeper and more profound than what reason alone can attain.
Great poetry, great paintings, great music are distinguished by their giving
us new ways of apprehending the world. The kind of insight thus attained is
thought to involve a directness, an immediacy that distinguishes it from the
mediated knowledge produced by the apparatus of the senses or the

. principles and categories with which reason operates. In this respect; the

understanding that is the product of genius is like the direct knowledge of
God sought by the mystic. So it is not surprising that the vocabulary of
genius borrows heavily from the mystical, gnostic, and kabbalistic
traditions. Like the mystic, the genius is carried outside of himself (I mean
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deliberately to use a gendered vocabulary here). For all that the heart is
ruling the head, the bodily sense dissolves before the intellectual or spiritual
union with the one, the all, die blaue Blume, or whatever. Millenarian
imagery also comes to the fore—peace, harmony, the union of opposites.
All of these features are carried along when the imagery of genius is
transplanted from the realm of art to the realm of science.

One other feature stands out in our culture‘s manipulation of the image
of the genius. It is that the genius is always an individual, a lonely figure
acting alone. Inspiration, like God’s grace, falls upon the individual, not the
community. Great art, like great science, is not committee work. It is,
instead, the fruit of the isolated artist‘s lonely labors, late at night, alone in
the garret. That is certainly part of the Einstein legend. But the individual-
ism of genius is not the possessive individualism at the heart of the
democratic political tradition deriving from seventeenth-century thinkers like
John Locke. No, it is the authoritarian individualism whose ugly side we
know only too well in the twentieth century. The artistic genius, and the
scientific genius, is the Nietzschean blond beast, the new Christ, vouchsafed
a glimpse of God'‘s truth and bending the will of generations in its name.
And so the image of the genius is coeval with the great man theory of
history in the hands of thinkers like Thomas Carlyle. Here we confront the
unsavory side of the Romantic reaction to the Enlightenment.

The connection to authoritarian individualism perhaps explains why the
vocabulary of “power” so commonly attaches itself to the figure of the
genius. The genius has a powerful intellect. Genius produces powerful
images, powerful theories. Einstein‘s genius gave us power over nature.
Hitler’s genius gave him power over people.

It is the power of genius that, I think, explains why most of us idolize
the Einsteins of the world. Let us be frank with one another. Most of us are
namby-pamby, pusillanimous, liberal intellectuals who can‘t bend even our
colleagues, our children, or our wives to our wills, let alone whole nations.
We would love it if we could command large audiences for our theorizing,
but most of us would be grateful if we could just pry a few dollars out of
NSF. Why do we idolize an Einstein? Why do we identify with him? What
more gratifying fantasy of prestige, power, authority, and control? Why do I
want to be like an Einstein? Why, so that everyone will look up to me and
defer to my judgment. So that nature will yield itself to palpation by my
mind. This is the “padron” syndrome in the life of the mind. It is not
unrelated to the child’s fascination with dinosaurs.

Does it trouble you that I spoke, a moment ago, about “bending our
wives to our will?” The gendered discourse is, again, deliberate. I think it a
fact, and a telling fact, that women are not drawn to the image of the genius
in the same way as men, for the genius embodies a characteristically male

H
L

6. The Nature of Scientific Genius 129

fantasy of intellectual power and control. Perhaps it is best that we not ask,
at the moment, about the anxiety that energizes this fantasy.

I prefer a less authoritarian, more communitarian model for the life of
the scientific mind, not only for moral and political reasons, but also
because it is closer to the truth about how the scientific intellect functions.
Einstein was no lonely genius, struggling by himself in his garret at night,
waiting for that moment of inspiration or mystical insight. That is not
what made him a great thinker. He was very much part of a community, a
circumstance essential to his accomplishing what he did. He profited from
reading the work of others in the scientific journals. Even during his
loneliest years at the patent office, he sought out others on whom he could
try out his ideas. There is frustratingly inconclusive evidence of Mileva
Mari¢’s having collaborated on some of the earliest work on relativity
(Stachel, et al. 1987: xxxix,225,282). In later years, he always worked with
the help of an assistant, frequently coauthoring papers, almost always
debating his ideas at length with those whose Jjudgment he respected.

I'do not mean to recommend a communitarian model of inquiry. I hated
group projects in college, as did many of you, I imagine. And the idea of a
People’s Theoretical Physics Collective is not very appealing. Insisting on
seeing an Einstein in a social-professional context is not to call for
intellectual communism. But I do think that we need to ask ourselves why
we celebrate individual intellectual accomplishment over the kind of
collaboration that is essential even in the work of an Einstein.

In being so harsh with the image of the genius, I do not mean to
disparage the obvious value of Einstein as an inspiring model, as someone
to emulate. One of the main reasons why I began a career in science was
because I was fascinated by the image of the brilliant, wooly, white-haired
sage of Princeton. I read everything I could about his life and work. We need
models to emulate. That is the way character is shaped, personality formed;
but emulating a noble or heroic figure is not the same thing as indulging in
the fantasy of genius.

There is another unfortunate consequence of our idolizing the figure of
the scientific genius. To the extent that we endow the genius with mystical,
superhuman capacities—and a genius would not be a genius without such
capacities—to that extent we guarantee that the achievements of genius will
be forever beyond our merely human reach and the merely human reach of
our students. We let ourselves off the hook in two ways. First, we have an
excuse for our own failures. Did I fail to become the Einstein of my
generation? That is okay. Lacking an Einstein‘s superhuman capacities, I
could not have become an Einstein in the first place, no matter how hard I
studied, no matter how hard I worked. Second, we have an excuse for failing
to train our students better than we do. So what if none of my students have
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won the Nobel Prize? So what if none of them got into graduate school at
Cal Tech? That is okay. We all know that no amount of training will do the
trick if they do not have within them that spark of genius. It is not my
fault.

For those of us who are teachers, it is important, therefore, that, so far
as is possible, we humanize the achievements of an Einstein. When I
sketched above some of the key ingredients of Einstein‘s distinctive way of
doing physics, nowhere did I stop and say, “And here is where we confront a
stoke of genius.” Everything that I mentioned—his power of concentration,
his excellent training in physics, his wide reading in the philosophy of
science, his ideas about principle theories and constructive theories—all of
these are either normal human capacities or clearly human achievements.
And when one studies any one of his papers closely, nowhere does one find
a discontinuity explainable only by the operation of genius. When one takes
the arguments apart, step by step, one sees where every little piece comes
from. That is not to say that you or I could duplicate the achievements of an
Einstein. Far from it. He was different, and we are not his intellectual
equals. But he was not different by virtue of any superhuman endowment.
Each of his capacities was a very human capacity. If he was a vessel in
which the struggle for eternal truth was played out, then he was a flawed
vessel. He made mistakes, both large and small. He fathered at least one
illegitimate child. He treated his wives and children badly. His romantic
affairs were numerous and legendary. Of course, he had his good side too.
He could be a steadfast friend. He was generous and unfailingly helpful to
younger colleagues. He was untiring in his efforts on behalf of peace, racial
harmony, and social justice. Again, these are all of them, good and bad,
quite human traits.

What made him different was the way he did physics. I would like to
understand the way he did physics, so that I can learn to think the way an
Einstein thinks. And I would like to help my students learn to think in that
way too.
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Notes

1. For more on Einstein’s life and work, see Bernstein 1973; Clark 1971;
Hoffman and Dukas 1972; Pais 1982.

2. See Poincaré 1904a. For the sake of this discussion, I have altered
somewhat the details of Poincaré’s thought experiment. Poincaré’s own
preference was to retain Euclidean geometry, owing to what he regarded
as its inherent simplicity, vis a vis its non-Euclidean rivals, even if
that meant a slight complication of one’s physics.

3. For more on the nature and extent of Duhem’s influence upon Einstein,
see Howard 1990a.

4. For more on the conceptual background to special relativity, see, for
example, Miller 1981.

5. For an interesting recent study detailing an actual historical example of
two empirically-equivalent theories, see Cushing 1994, where the
theories in question are orthodox quantum mechanics under the
Copenhagen interpretation and the Bohm-Vigier type hidden variable
theories.

6. For Einstein’s reading of Mach, see Stachel, et al. 1989:43.

7. For Einstein’s reading of Kant, see Stachel, et al. 1987: Ixii; Talmey
1932: 164. For Einstein’s study of Kant at the Swiss Federal
Polytechnical Institute, see Stachel, et al. 1987: 46,49.

8. For Einstein’s reading of Hume, see Stachel, et al. 1989: xxiii-xxiv. For
his reading of Schopenhauer, see Howard 1993.

9. See Solovine 1987:8-9. For more detailed references on the readings and
further background on the Academy, see Stachel, et al. 1989: xxiv-xxv.

10. For documentaton of Einstein’s acquaintance with these philosophers:
with Mach, see Wolters 1987:130-134; with Schlick, see Howard
1984; with Reichenbach, see Howard 1994; with Vaihinger and
Cassirer, see for example, Einstein to Vaihinger, 3 May 1919
(Bibliothek der Hansestadt Bremen, Autuogr. XXI, 7: C, Vi-1), and
Einstein to Cassirer, 5 June 1920 (EA 8-386); with Russell, see
Russell 1968; with Rosenthal-Schneider, see Howard 1994; with Biiek

and Petzoldt, see Howard 1992.
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COMMENTS

Burnell: Is the kind of self-analysis that Einstein seemed to go through
uncommon among these other people that we consider to be geniuses?
Is it a product of his immersion in the philosophy of science?

Howard: I do not know. He would have denied that there was anything
distinctive about the way he thought.

Cise: I am struck by his detachment from the concrete. It was almost as
though he could transcend ordinary thinking. If he were still alive, what
would he be thinking? Where would he be carrying all of this?

Howard: He had a program of research all worked out. He wanted to pursue
some of the fundamental questions about unified field theory.

The idea of the concrete is another interesting tension in Einstein’s
life. He was quite self-conscious from a young age about his
psychological need to live in that almost Platonic realm of ideas. He
speaks of the peace and beauty of being lost in the world of thought.
That kind of talk comes to the fore usually with some sort of deep
personal emotional crisis. It almost is an escape from his human
failings.

There is another side to this. He also took a great deal of
satisfaction from the concrete contact with the material world. He held
numerous patents for all sorts of crazy inventions. For decades he
worked as a consultant to a German manufacturer of gyroscopes.

Geekie: You spoke of the necessity of making insights and intuitive
connections across disciplines. Do we do our students a disservice by
channeling them into becoming students of one particular discipline? It
is so hard to master a science. Do you really have time to master a
second field?
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Howard: I agree. The broader your experience and training, the more you
enrich your storehouse of images and metaphors and models and ideas
that will then yield dividends in areas far removed from those in which
they originally developed. Einstein’s own early training in physics had
more breadth. He also worked in a variety of domains. But we cannot
conclude there is something rotten about the way we train our students.
People are quite right about the knowledge explosion. If you prepare a
student in one of a variety of fields, the amount of knowledge he or she
must master is immense. We face a need to train specialists. Maybe we
need to rethink our whole culture. Maybe we do not need to train
specialties in the way we think we do. Maybe we would be better off if
we slowed down our progress in these specialized areas a little bit to
allow for some more generalized thinking.

Langdon: To what extent does the notion of genius elevate an individual
beyond the capacity of other individuals?

Howard: Clearly there was something special about Einstein. He is beyond
the norm. But to say that is not to say there is something superhuman
about this individual. If we look at that cluster of capacities that put
him off the normal scale, any one of those capacities is a human
capacity. Any one of those capacities you could find manifested in any
of a number of other individuals. Part of what is different is that he
combines so many of these capacities. But again, what I want to stress
is that each of those capacities is a merely human capacity. There is
nothing that makes him in principle different from the rest of us. I
want to deny the thesis that there is this “spark of the divine” about
him. To that extent, it becomes legitimate for us to ask about
ourselves and our teaching, is this a human capacity than can be
nurtured in our students or in ourselves?

That is the danger. The tendency is so to romanticize the image of
Einstein that we get ourselves off the hook. We find an excuse for not
asking ourselves, “How can we try to nurture this capacity in our
students? How can we try to foster this capacity in ourselves?”

Zimmerman: I am struck by the amount of creativity and curiosity he
demonstrated. What does it take to increase the possibility that an
individual with this potential will have that opportunity to flower?

Howard: I do not have an answer to that question. Einstein hated the first
17 years of his education. He simply left Germany because he could not
abide the Prussian system of education. He then went to a school which
was known as one of the most progressive schools of its day. It
featured an individualized curriculum, a lack of structure in the
curriculum, a lot of freedom, a lot of choice, a close relation between
the teachers and students. He really blossomed in this environment.
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