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Science

and

the mind

all seem to be concerned
about simplicity. Psychologists,
like other scientists, are

impressed by simple explanations. We
ask: why accept complicated theory X,
when simple account Y fits the facts just
as well? And our intuitions that simple is
best are also expressed in methodological
injunctions to ‘apply Occam’s razor’,
adopt a principle of parsimony, and to
avoid explanations with ‘too many
degrees of freedom’. Scientists frequently
admit to being guided by ‘aesthetic’ cri-
teria, preferring ‘beautiful’, ‘elegant’
theories, and such aesthetic intuitions
appear to be closely bound up with
judgements about simplicity. For exam-
ple, what makes Ptolemaic astronomy
turn out to be so ugly is the need to add
in the complexity of all those epicycles.
A preference for simple explanations
extends beyond science. Juries are unim-
pressed by convoluted explanations of a
defendant’s whereabouts or actions. The
more complex the story becomes, the
more ‘epicycles’ are added to fit the evi-
dence and the more implausible it starts
to sound. And a preference for simplicity
applies in our attempts to understand the
everyday world around us — when a
light goes out suddenly, I assume that the
bulb has blown; but it could be that an
intruder has very quietly entered the
house, hit the light switch, and hidden

Ptolemy of Alexandria

themselves in the shadows. This is possi-
ble; but wildly implausible. I'll put my
money on the simpler explanation.

Finally, consider aesthetics. I've al-
ready mentioned aesthetic judgements
about scientific theories, but aesthetic
judgements quite generally seem sensi-
tive to simplicity. From our pleasure in
‘economy of language’ to our preferences
for the symmetries of a snowflake rather
than the muddle of a lump of mud, sim-
plicity appears to be a guiding aesthetic
principle. Simplicity is not, of course, the
whole story about aesthetics — simple
shapes like a plain white square seem to
hold little aesthetic interest — but it
seems to be at least part of the story.

Why do we care about simplicity? I
propose that this is because the search for
simplicity is a fundamental goal of cog-
nition — and that this is an appropriate
goal, not for aesthetic reasons, but in
view of profoundly utilitarian concerns.
Simple patterns, hypotheses, explana-
tions or theories, are the most reliable
patterns, hypotheses, explanations or
theories. ‘Most reliable’ can be spelled
out in various ways: the most likely to be
true; providing the most accurate predic-
tions; or providing the best basis for
deciding how to act. So simplicity is not
just aesthetically appealing — it is of cru-
cial practical importance.

Quantifying
simplicity

We all have intuitions about what is
simple and what is complex. But a theory
of simplicity needs to explain these intu-
itions, rather than taking them for
granted. Over the last 30 years, a beauti-
ful (yes, simple!) theory of simplicity has
been developed in mathematics and
computer science, under the somewhat
forbidding name of Kolmogorov com-
plexity theory. This theory is little known
in psychology, but has, I will suggest,
important psychological applications.

In essence, Kolmogorov complexity
theory defines the complexity of an
object as the length of the shortest
description that uniquely specifies that
object. The idea is that simple things
have short descriptions; complex things
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Figure 1: Patterns of varying simplicity. Note that (b) seems intuitively more
complex than (a). This may reflect the fact that specifying (b) requires specifying
‘discontinuity’ between the third and fourth columns. Similarly, (c) seems simpler
than (d). Specifying (d) requires specifying the inversion between black and white
between the left and right halves of the figure. (e) is simple and its symmetries
make it easy to specify briefly. (f) appears to be least simple, and does not have a
short description. It was generated by flipping a coin. In general, simple patterns
appear to be those which can be specified briefly.

have long descriptions. But, as stated,
this formulation falls victim to the cele-
brated Richard-Berry paradox. Consider
the following description:

the smallest natural number that

cannot be uniquely specified in less

the twenty words of English (1)

There must be infinitely many num-
bers which cannot be described in less
than 20 words, because there are infi-
nitely many natural numbers, but only
finitely many descriptions in English of
20 words or less. So out of this infinite set
of numbers, one must be the smallest —
call it N. But now note that the descrip-
tion in (1), which contains just 16 words,
does uniquely specify N. This contradicts
the definition of N, which states that N
cannot be specified in less than 20 words.
Hence the paradox!

Kolmogorov complexity avoids the
paradox by a simple restriction — that
descriptions must be sets of instructions
which, when followed, will lead to the
construction of the object described. That
is, descriptions are computer programs,
and the Kolmogorov complexity of an
object, K(x), is the length of the shortest
computer program that will generate x.

So a description like (1) is not
allowed: partly because it is stated in
English, rather than a programming lan-
guage where there is a precise
interpretation of the language as a set of
instructions; and crucially because it
does not provide a procedure which pro-
duces the number which it describes. So
the paradox disappears.?

The paradox removed, we have a def-
inition of simplicity (or rather,
complexity) as the shortest computer
program that generates an object. So, the
strings 111111111111111111 and
101010101010101010 are simple — they
have short descriptions as a string of ‘1s
or alternating ‘1’s and ’‘0’s. But the
sequence 1001110101101101000100 is not
simple, as it follows no pattern. It can
only be specified by simply listing it ver-
batim (in fact, it was generated by
flipping a coin), and hence no brief
encoding is possible. Figure 1 shows
some examples of simple objects as com-
pared with complex objects.

Three immediate concerns regarding
this definition of simplicity naturally
arise. The first is that, if simplicity is
shortest description length, then surely it
matters in which language we write our
descriptions. Surprisingly, Kolmogorov
complexity is language-invariant. A cen-
tral and remarkable result in
Kolmogorov complexity theory states
that K(x) assessed in one language will
be the same as K(x) assessed in another
language, up to a constant. This is what
justifies talking about the Kolmogorov
complexity of an object. But, nonetheless,
the constant, by which description
lengths may differ, may be large enough
to be important in many psychological
contexts. Thus, a detailed psychological
theory of similarity requires an account
of how information is represented by the
mind. Much of perceptual and cognitive
psychology is concerned with providing

evidence about the nature of mental rep-
resentation — so it should be possible to
use this evidence to constrain a psycho-
logical theory of simplicity. But, as we
shall see below, the approximate lan-
guage-invariance  of  Kolmogorov
complexity means that we can make a lot
of progress in developing psychological
theory without having to make specific
assumptions about mental representa-
tion.

The second concern is that the mathe-
matical notion of  Kolmogorov
complexity refers to the shortest possible
description of an object, but the cognitive
system may not be able to find that
shortest description. For example, the
digits of the expansion of  are simple (a
short program will compute them), but
they appear to be completely random to
the cognitive system (indeed they even
appear random to intensive statistical
analysis — the digits of  pass all known
tests for randomness). The cognitive
system cannot find the shortest possible
description for an object; but it can
choose the shortest description that it can
find. So a cognitive notion of simplicity
must inevitably only approximate the
ideal notion of simplicity given by the
mathematical theory of Kolmogorov
complexity.

The third concern is that all this dis-
cussion of computer programs sounds
rather unpsychological, and hence may
appear to suggest that Kolmogorov com-
plexity cannot apply to human
cognition. But, in this context, the notion
of a computer programming language is
very broad — all that is meant is that the
language of instructions can be followed
by some mechanistic procedures (and
the brain presumably embodies mecha-
nistic procedures, even though these are
astonishingly complex and little under-
stood). In addition, we require that the
language with which information is rep-
resented by the mind is ‘universal’. But,
despite its rather imposing name, the
constraint that the language must be uni-
versal turns out to be surprisingly weak,
and almost all psychological theories
about how the mind represents informa-
tion meet this constraint. In sum, despite
its unpsychological sound, the notions of
Kolmogorov complexity may nonethe-
less apply to human cognition.

Having outlined how simplicity can
be quantified, I now consider why sim-
plicity matters: specifically, simple
explanations are, other things being
equal, more likely to be true than com-
plex explanations.

Simple = most
probable

I started by noting that people find
simple explanations the most believable.
The more convoluted and elaborate an
explanation, the less likely it seems. But
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can this intuition be justified? It turns out
that it can: simple explanations have,
other things being equal, the highest
probability of being true. Suppose that
we have data, D, and a set of hypotheses
about that data. The most likely hypoth-
esis is the hypothesis, H, that has the
greatest probability, given the data. In
symbols, this is the H that maximises
P(HID). Bayes’ theorem, a standard the-
orem of probability theory, states that:

P(HID)e<P(DIH)P(H) (2)

That is, the probability of the hypoth-
esis given the data is proportional to the
product of the probability of the data
given the hypothesis and the prior prob-
ability of the hypothesis. By elementary
mathematics, the H that maximises (2) is
the same as the H that minimises (3):

-log,P(D|H)-log,P(H) (3)

Most psychologists have, at one time
or another, encountered information
theory, which was widely applied to
understanding perception and cognition
in the 1950s and 1960s. Information
theory deals with how information can
be represented in codes, and considers
properties of codes such as their length,
noise-resistance, redundancy, and so on.
It specifies that (for an optimal code,
which minimises average code length),
probable events are given short codes,
and improbable events are given long
codes. Specifically, for an event x with
probability P(x), the code length is -
logyP(x). But the terms in equation (3)
have exactly this form, so we can inter-
pret (3) as follows:

code length for D in terms of H +

code length for H  (4)

But note that the sum of (4) just gives
the total code length for specifying the
data, D, by means of the hypothesis H.
Specifically, this code has two parts — a
part which specifies the hypothesis, and
a part which uses the hypothesis to spec-
ify the data. The equivalence between (2)

(@ (b)

—

and (4) says that the most probable
hypothesis is also the hypothesis that
provides the simplest (i.e. shortest) over-
all specification of the data. More
informally, the most probable hypothesis
is the one which provides the simplest
explanation. So our intuitive preference
for simple explanations is vindicated —
simple explanations are the most likely
to the true.

Cognition as a
search for simplicity

The story so far: people have a prefer-
ence for simple explanations; simplicity
can be measured by Kolmogorov com-
plexity; and  preferring simple
explanations seems to be a good idea,
because simple explanations are the
most probable. But is there reason to
believe that the mind really does search
tor simplicity?

Perhaps the richest source of evidence
comes from the study of perceptual orga-
nization: how a description of the
structure of a perceptual stimulus is
derived from sensory data. There are
indefinitely many possible descriptions
compatible with the sensory input —
what determines which is chosen? A
description of the structure of the stimu-
lus can be viewed as an ‘explanation’ of
the sensory data — thus, according to the
present account, the best pattern should
be the one which allows the simplest
(briefest) encoding of the sensory data.
This ‘simplicity principle’ (Pomerantz &
Kubovy, 1986) can be traced from Mach
(1959/1886) through Gestalt psychology
(Koffka, 1962/1935) to information pro-
cessing research on perception (Buffart et
al., 1981; Garner, 1962, 1974; Hochberg &
McAllister, 1953; Leeuwenberg, 1969,
1971; Leeuwenberg & Boselie, 1988).

So how does the simplicity principle

(c)

@ (e

Figure 2: Simplicity in filling in occluded objects.

work in practice? Consider how
occluded figures are completed. In
Figure 2(a) the upper left and right lines
are viewed as part of a single line,
occluded by a solid vertical bar. The ver-
tical bar is assumed to continue in a
straight line (see Figure 2(b)), although it
could have any form (e.g. Figure 2(c)).
The straight line is favoured by simplic-
ity. Note that the lower lines, which are
not aligned, are perceived as distinct,
and as embedding into the side of the
vertical bar. This illustrates the Gestalt
law of good continuation — that organi-
zations which allow continuous lines are
preferred; but notice that this can be
interpreted in terms of simplicity,
because locating a single straight line
(which is occluded) is simpler than inde-
pendently specifying two separate
straight lines to the left and right of the
stimulus. But if the two lines are not
aligned, then the simplicity advantage of
postulating the ‘hidden’ line disappears,
and no hidden line is perceived. Figure
2(d) is perceived as a cross, occluded by
a circle (this interpretation is illustrated
in Figure 2(e)); whereas good continua-
tion would lead to the interpretation
shown in Figure 2(f). The preference for
the interpretation shown in Figure 2(e)
follows the Gestalt principle of good
form, but it also follows by assuming
preference for simplicity, because the
cross is simpler than the irregular struc-
ture in Figure 2(f).

A preference for simplicity may
underly not just perception, but also
learning from experience. Learning from
experience, like perception, is a problem
of finding patterns in what are typically
large amounts of complex and often
noisy data. A preference for simple
explanations may guide how we learn
the structure of the environment from
experience. As for perception, there are
existing theories of learning which
assume that learning is guided by sim-
plicity. For example, Brent and
Cartwright (1996) show how structure
within words can be found within iso-
lated words, and Wolff (1977; see also
Redlich, 1993) considers how other lin-
guistic units, such as words and phrases,
can be found automatically. But, less
directly, theories of learning which are
not superficially concerned with simplic-
ity can, nonetheless, be viewed as
maximising simplicity. For example,
learning methods used by connectionist
networks, currently the most popular
models of learning in cognitive psychol-
ogy, can be viewed as maximising
simplicity. Thus, a range of current psy-
chological proposals concerning learning
are compatible with the thesis that the
cognitive system maximises simplicity.

Finally, note that the claim that the
mind searches for simplicity may have a
natural application in understanding
memory: that the cognitive system seeks
to minimise memory load. This leads to
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the prediction that the richer the patterns
that the cognitive system can find in a
stimulus, the more simply it can be
encoded, and hence the better it will be
remembered. This is a ubiquitous find-
ing in all areas of memory research, from
the advantage of memory for words over
non-sense strings, meaningful over non-
meaningful pictures, and comprehensible
over non-comprehensible stories.

In the context of memory, however,
the proposal that the cognitive system
searches for the simplest possible expla-
nation, and that memory load is
therefore determined by the length of
that explanation, may appear to involve
an implausible presupposition: that
memories are stored as briefly as possi-
ble — i.e. with no redundancy. It is often
pointed out that this kind of storage
would be inappropriate, because it
would mean that memories would be
lost if subjected to the slightest damage.
But the link between simplicity and
memory is actually quite compatible
with the claim that memories are stored
in a redundant, robust fashion. It turns
out that the best way to produce a robust
code is first to find the simplest encod-
ing, and then introduce redundancy so
that each part of this code is equally pro-
tected from corruption (Cover &
Thomas, 1992). Thus, for a given stimu-
lus, finding a brief encoding will allow
the construction of a better redundant
representation, which will thereby be
more noise resistant and hence better
remembered.

Conclusion

People are attracted to simplicity — but, we
have seen, this is more than a mere aes-
thetic preference. A preference for
simplicity is a key to choosing the most
likely explanations of the information that
we receive. Hence the search for simplicity
may be an important cognitive goal across
many areas of cognition, from perceptual
organization, to learning, to everyday
reasoning and scientific thinking,
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Footnotes

@ It is interesting to note, though, that

the Richard-Berry paradox does re-
emerge in a mutated form, and that
Chaitin (1974, 1975) has used it to pro-
vide a new and remarkably simple
proof of Godel’s theorem, a central

theorem in modern mathematics.

But, you may ask, what happened to
Kolmogorov complexity? The argu-
ment above just mentioned the more
familiar information theory, instead.
The answer is that the information
theory argument given above is sug-
gestive but not really rigorous
(specifically, no justification is given
for assuming that an optimal code
should be used, and thus that code
lengths should be -log,P(x)). The rig-
orous argument uses the fact that,
under very general conditions, -
log,P(x) is approximated by the
Kolmogorov complexity of x, K(x). In
general, Kolmogorov complexity can
be viewed as a generalization of infor-
mation theory — so the spirit of the
argument given above is correct.
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JOINT CONFERENCE

April 23-25th 1998
The Swallow Hotel, Sheffield.

Evidence in
the Balance

The conference will explore the
place of evidence in
psychotherapy in the light of
legal, scientific and clinical
understandings of what counts
as evidence. A series of
workshops will help participants
to examine and develop the
evidential base of their own
practice. The wvaried kinds of
evidence that outside bodies
may require from
psychotherapists in future will
be discussed. Presenters will be
drawn from law, history,
research and medicine as well
as the psychoanalytic, cognitive
behavioural and systemic
traditions in psychotherapy.

Topics include:
A Lawyer’s View of Evidence- Prof.
John Jackson/ The Sociology of
Evidence- Prof. Michael Rustin/
Randomised Contolled Trials: the
Gold Standard?-  Prof. Simon
Wessely/ Congitive and Cognitive
Analytic Perspectives- Mr David
Alison & Dr Chess Denman/
Psychoanalytic & Systemic
Perspectives- Dr Kevin Healey & Prof.
Jonathan Hill/ Where are we now?
Where are we Going?- Prof. Glenys
Pury & Dr Frank Margison/
Workshops omn: Evidence about
meaning or cause- Prof. Digby
Tantam/ Single case study research-
Dr Graham Turpin/ Hypothesis
testing: CBT-Mr Simon Jaques;
Psychoanalytic- Dr Rob Hale/
Auditing psychotherapy- Dr Mark
Aveline & Prof Jim Watson.
Collaborative research workshop./

Chairs: Dr Bernard Roberts, Dr Chris
Mace, Dr Chess Denman. Workshop
Coordinator : Dr Stirling Moorey.
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