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When scientists choose one theory over another, they reject
out of hand all those that are not sinple, unified or
explanatory. Yet the orthodox view of science is that

evi dence al one shoul d determ ne what can be accept ed.

Ni chol as Maxwel | thinks he has a way out of the dil ems.

There is one point about the nature of science on which

al nost all scientists agree. |In science evidence al one
determ nes what is to be accepted as scientific know edge.
Not hi ng substantial about the nature of the universe can be
accepted permanently as a part of scientific know edge

i ndependently of evidence, |let alone in violation of the

evi dence. Considerations that have to do with the sinplicity,
unity or explanatory power of theories may influence
scientists in deciding what theories to accept and reject.
But this does not nean, according to this orthodox view, that
sci ence assunes permanently that the universe itself is
sinple, unified, or conprehensible.

Thi s orthodox conception of science, taken for granted by
the scientific community and the public alike, exercises an
i mrense influence over the way science is pursued, taught and
understood. But it is untenable! Elenentary considerations
show t hat sci ence cannot proceed in this way.

Ot hodoxy refuted

Any scientific theory, however well verified

enpirically, there will always be infinitely many rival
theories which fit the avail abl e evidence just as well, but
whi ch make different predictions, in an arbitrary way, for
as yet unobserved phenonena.

For exanpl e, Newtonian theory (NT), has, as one such
rival, a theory which asserts that everything occurs according
to NT until mdnight, at which point gravitation abruptly
beconmes a repul sive force. Another rival theory asserts that
everything occurs according to NT except for systens
consi sting of 1000 tonne gold spheres in a spherical region of
outer space of 1 mle radius, in which case gravitation obeys
an inverse cube law. Gossly ad hoc rival theories of this
type can be made even nore enpirically successful than NT by
addi ng on postul ates which, independently, nake successf ul
enpirical predictions. (A theory is ad hoc if it asserts that
for some specific kind of phenonenon quite different | aws
hol d.)

One could set out to refute these ad hoc rival theories
experinmentally, but this would need an infinitely long tinme to
conpl ete because there are infinitely many such theories. So,
if science really did take seriously the idea that evidence



al one deci des what theories are to be accepted and rejected,
scientific know edge woul d be drowned in an infinite ocean of
enpirically equally successful rival theories. Science would
come to an end.

Why does this not happen in scientific practice? The
reason is that, in practice, two considerations govern the
acceptance and rejection of theories in science: first,
consi derations of enpirical success and failure; and second,
considerations that have to do with the sinplicity, unity or
expl anat ory power of the theories in question. To be accepted
as a part of scientific know edge, a theory nmust satisfy both
considerations. In other words, it nust be both enpirically
successful and sinple, unified, or explanatory in character.

Theori es accepted as a part of scientific know edge —
i ncludi ng NT, classical electromagnetism quantumtheory and
Einstein's theories of special and general relativity —
satisfy (nmore or |ess adequately) both considerations. They
are anmazingly successful in their capacity to predict
observabl e phenonena, and at the sane tinme they are
astonishingly sinple, unified and expl anatory.

However, the infinitely many enpirically successful
rivals to these accepted theories all fail to satisfy the

second consideration. In other words, they may fit al
avai |l abl e evidence just as well as - or even better than - NT
or Einstein's theories, but they fail, quite drastically, to

be sinple, unified and expl anatory. These rival theories al
assert that, for sone as yet unobserved kind of phenonenon,
sonmething entirely peculiar and arbitrary occurs. These
rivals, which have not as yet been refuted enpirically, are
rejected by scientists, not on enpirical grounds, but because
they are grotesquely ad hoc, and grotesquely lacking in
sinplicity, unity and expl anatory power.

This is why science is not, in practice, buried
beneath an infinite nountain of rival theories, all of which
fit all available evidence just as well as accepted theories,
if not better. The reason is that alnost all of the rivals
are horribly ad hoc.

But now cones the decisive point. In persistently
rejecting infinitely many such enpirically successful but
grotesquely ad hoc theories, science is in effect making a big
per manent assunption about the nature of the universe, to the
effect that it is such that no ad hoc theory is true, however
enpirically successful it may appear to be for a tine.

Wt hout some such big, permanent assunption as this, the
enpirical nethod of science collapses. Science is drowned in
an infinite ocean of enpirically successful ad hoc theories.
However, as we saw above, the key thesis of the orthodox view
is that science nust make no permanent assunption about the
nature of the universe, independently of evidence. Thus, this
ort hodox conception of science is untenable.



Hi erarchy of assunptions required

So if science nust make sonme kind of big assunption about
the nature of the universe to be possible at all, what
precisely ought it to be, and on what basis is it to be nmade?

My proposed solution to this fundanmental problem
confronting the scientific enterprise is set out in ny book
The Conprehensibility of the Universe (Oxford University
Press, 1998). M solution has not yet been generally
accepted, but it goes sonmething like this. W need to see
sci ence as adopting a “hierarchy” of increasingly
i nsubstantial cosnol ogi cal assunptions concerning the
conprehensibility and knowability of the universe. At the
top of the hierarchy there is the assunption that the universe
is such that it is possible for us to acquire sonme know edge
of sonething - an assunption so insubstantial that it could
not be rational for us to reject it in any circunstances
what soever. Lower down in the hierarchy we adopt those
assunpti ons which appear to be the nost fruitful fromthe
st andpoi nt of pronmoting the growmh of enpirical scientific
knowl edge. These include the assunption that the universe is
conprehensible in some way or other and, nore specifically,
and next down in the hierarchy, the assunption that the
uni verse is physically conprehensible. Those scientific
theories that are accepted are the ones that are nost
successful enpirically, and that best accord with the best
avai |l abl e assunptions concerning the conprehensibility and
knowabi l ity of the universe.

What does it mean to assert that the universe is
conprehensible? It means that the universe is such that there
is “something” - God, a tribe of gods, a cosmc goal, a
pattern of physical |aw, a cosm c progranme or whatever - that
exi sts everywhere in an unchanging form |t neans,
furthernore, that the ubiquitous “something” determnes or is
responsi ble for, in sone sense, everything that changes. As a
result, all change and diversity in the world can, in
principle, be explained and understood in ternms of the
under | yi ng, unchanging “sonmething”. |If the “sonething” that
determ nes all change is a unified pattern of physical |aw,
then the universe is said to be physically conprehensible.

The universe is physically conprehensible, in other words, if
it is in principle possible for us, one day, to fornulate a
unified "theory of everything” which is true. Physical
conprehensibility is a special case of the nore general idea
that the universe is conprehensible in sone way or other.

Physi cal conprehensibility

As an el enentary exanple of a possible universe that is

physi cal |y conprehensi bl e, consider a universe that consists
of nothing but the classical electronmagnetic field in the
vacuum (there being no charged particles to create, or be
acted on, by the field). In this rather bleak universe it is
the values of the electric and magnetic fields that vary fron



place to place and tinme to tine. The physical “something”

t hat does not change but that determ nes all change is the
property of the electromagnetic field, the sanme everywhere,
that determines that the electric and magnetic fields change
according to Maxwel | 's equations for the cl assi cal

el ectromagnetic field in the vacuum

Wiy is it legitimate in this case to regard the field as
one unified entity (the el ectromagnetic field) and not two
distinct entities - the electric field and the nagnetic field?
In part, unity arises fromthe symretrical way in which
changes in the electric field produce a nmagnetic field, and
changes in the magnetic field produce an electric field. But
even nore inportant, unity arises fromthe fact that the way
the el ectromagnetic field divides into the electric field and
the magnetic field differs for different reference franes
travelling at uniformvelocity with respect to each other.
(Ignore the awkward point that this universe does not contain
reference frames.) However, according to Einstein's speci al
theory of relativity, nothing of absolute (or theoretically
fundanment al ) significance can depend on choice of reference
frame. W cannot regard the el ectromagnetic field as being
made up of two distinct fields (the electric and nagnetic
fiel ds) because any specific choice of electric and nagnetic
field would be arbitrary, in that it would anmount to an
arbitrary choice of reference frame. 1In short, the
el ectromagnetic field is unified because it exhibits the
symmetry, postul ated by special relativity, of Lorentz
i nvari ance.

Symmetry is, in general, an inportant feature of unity,
and thus of physical conprehensibility. In requiring of a
fundament al physical theory that it satisfies a symetry
principle (such as Lorentz invariance) or a global or |ocal
gauge symretry, we are, in effect, demanding that the theory
accords with a nore or |ess specific conception of unity and
physi cal conprehensibility.

For the universe to be physically conprehensible, it
must, in short, have a unified dynam c structure. It nust
consi st of one kind of entity that interacts by nmeans of one
kind of force. The theory that depicts this unified structure
nmust satisfy appropriate symretry principles. The nore the
uni verse departs fromthese requirenments, the nore physically
i nconpr ehensi ble it becones.

The new orthodoxy?

By adopting this hierarchy of increasingly insubstanti al
cosnol ogi cal assunptions, we naxim ze our chances of adopting
assunptions that pronote the growth of know edge and mnim ze
our chances of taking sonme cosnol ogi cal assunption for granted
that is false and i npedes the growm h of know edge. The hope
is that as we increase our know edge about the world we
i mprove the (Il ower |evel) cosnological assunptions inplicit in
our nmethods, and thus in turn inprove the nmethods thensel ves —



that is principles which specify symretries that acceptable
t heories nmust exhibit.

By i nproving our know edge, we inprove our know edge
about how to inprove our know edge. Science adapts its own
nature to what it |earns about the nature of the universe,
thus increasing its capacity to nake progress in know edge
about the world. In particular, this hierarchical view | eads
to arational, if fallible, nethod for discovering new
fundament al physical theories. Roughly speaking, this nethod
states that when existing fundanmental physical theories clash
wi th one another, we should nodify our ideas about such things
as space, tine, force and physical entities (i.e. particle or
field), in an attenpt to depict a new kind of underlying
theoretical unity that, in turn, leads to a new unifying
physi cal theory.

Sonmething of all this can be discerned in the way
Ei nstein discovered special relativity and general
relativity. Both theories arose out of Einstein's search
for unity. 1In the case of special relativity, Einstein sought
to resolve the clash between Newton's particl e-based
“action-at-a-distance” theory and Maxwell's field theory. In
the case of general relativity he sought to resolve the clash
bet ween Newt oni an theory and special relativity. 1In both
cases Einstein fornul ated physical principles which are al so
nmet hodol ogical: the principle of relativity in the case of
special relativity and that of equivalence in the case of
general relativity. Einstein was also led to nodify

pre-existing i deas about space and tinme. In the case of
special relativity, Newtonian notions of space and tine were
nodi fied to formthe notion of M nkowski an space-tine. 1In the

case of general relativity, flat space-tine beconmes curved.
(For details see N. Maxwell 1993 British J. Philosophy Sci. 44
275.)

This way of doing theoretical physics, which was created
by Einstein, has had an i mense i npact on subsequent physics.
Despite this, physicists still pay |ip service to the
unt enabl e orthodox conception of science with which we began.
Nearly a century after Einstein did his work, it is about tine
the “hierarchical view becane the new orthodoxy. W need a
revol ution in our understandi ng of science.
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