
Neuropsychologia 44 (2006) 1519–1523

You can play 20 questions with nature and win: Categorical
versus coordinate spatial relations as a case study

Stephen M. Kosslyn ∗
832 William James Hall, 33 Kirkland Street, Harvard University, Cambridge, MA 02138, United States

Available online 19 April 2006

Abstract

Alan Newell famously asserted that “You can’t play 20 questions with nature and win” (Newell, A. (1973). You can’t play 20 questions with
nature and win. In W.G. Chase (Ed.), Visual information processing. New York: Academic Press.), and specifically focused on the futility of
studying binary distinctions. However, the distinction between categorical and coordinate spatial relations representations has turned out to be
fruitful. In this brief article, the categorical/coordinate distinction is treated as a case study, as a way to address a more general point, namely
how to play 20 questions with nature and win. The key to studying binary distinctions may lie in the ways this one differs from previous ones.
First, from the outset this distinction was cast within the context of a theory of a more general processing system; second, it was formulated
from the perspective of multiple levels of analysis within a processing system, and thereby bridges characteristics of information processing with
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haracteristics of the brain.
2006 Elsevier Ltd. All rights reserved.

. You can play 20 questions with nature and win

Alan Newell famously asserted that “You can’t play 20 ques-
ions with nature and win” (Newell, 1973). In the game of 20
uestions, one player thinks of an object or situation, and the
thers attempt to guess it by asking a series of binary questions:
s it living? is it an animal? is it domesticated? Each question
educes the search space, and eventually a questioner can pounce
n just the right answer. In his classic paper, Newell argued that
his game is a bad model for how science should be conducted.
pecifically, he decried the tendency of psychologists to formu-

ate and test binary distinctions—such as those between episodic
ersus semantic memory, serial versus parallel search, and grad-
al versus all-or-none learning. He argued that more often than
ot such distinctions are illusory, and after an enormous amount
f research ultimately all we know is that nature resists clear-cut
inary divisions.

At the time that Newell wrote his article, he could make a
trong argument for his case; the outcomes of the great debates
hat centered around such binary distinctions typically were
nconclusive. Thus, in his view, this strategy was not advanc-

ing psychological science, knowledge was not accumulating.
Newell urged us to abandon efforts to study binary distinctions,
and instead suggested another approach. We should consider
how to fit the available data together into a single coherent story.
And in his view, the best way to do this is to attempt to build
computer simulation models that mimic human performance.

I wonder how Newell would have regarded the growing
research literature on the distinction between categorical ver-
sus coordinate spatial relations representations. On the face of
things, we seem to have a plethora of evidence against his general
point. The distinction between the two types of spatial relations
representations is a binary distinction if there ever was one, but it
is leading to solid evidence that two distinct types of representa-
tions exist. But even so, I do not believe that Newell was entirely
off-base. This particular binary distinction, and the research that
supports it, differs in crucial ways from most previous efforts to
formulate and investigate binary distinctions in psychology.

In this brief article, I wish to take a step back, and consider
why the distinction between categorical and coordinate spatial
relations representations has turned out to be fruitful. I treat the
categorical/coordinate distinction as a case study, as a way to
∗ Fax: +1 6l7 496 3122.
E-mail address: smkosslyn@wjh.harvard.edu.

address a more general point, namely how to play 20 questions
with nature and win. I will argue that this binary distinction dif-
fers from previous ones in two fundamental ways. First, from the
outset this distinction was cast within the context of a theory of a
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more general processing system; second, it was formulated from
the perspective of multiple levels of analysis within a process-
ing system, and thereby bridges characteristics of information
processing with characteristics of the brain.

2. Drawing distinctions within processing systems

There was a fundamental problem with most (if not all) of the
binary distinctions that Newell railed against (summarized in a
table on page 288 of his article). Namely, the distinctions were
formulated independently of concerns about how the putative
representations or processes would operate within the context
of a more general processing system. In contrast, from the start
the distinction between categorical versus coordinate spatial
relations representations was cast within the context of a more
general processing system.

In what follows I will begin with two abstract principles that
guided the theorizing effort, and then briefly outline the theory
itself.

2.1. Two guiding principles

The approach to theorizing rested in part on the following
two principles.

2.1.1. Divide-and-conquer
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evolution, learning, or a combination of the two. But these
systems are not “modules” of the sort proposed by Fodor (1983).
Fodor’s modules are independent, in the sense that the workings
of one cannot affect the inner workings of another. However,
given the nature of the neuroanatomy of the brain, we are better
off conceptualizing processing in terms of neural networks—
which may share some cortex and some types of processing.
Moreover, we should expect “leakage” between these systems.

2.2. Aspects of a theory of high-level vision

These two principles (as well as others reviewed by Kosslyn
& Koenig, 1992), led me to formulate a sketch of a general theory
of high-level vision. This theory was rooted in basic findings
about neuroanatomy and neurophysiology (Kosslyn, 1994). For
present purposes, only four aspects of the theory are relevant:

1. Visual buffer: First, visual input during perception is orga-
nized in a series of brain areas in the occipital lobe, which
I have grouped into a single function structure called the
visual buffer. These areas are topographically organized, such
that the pattern of activation over the surface of the cortex
(roughly) preserves the pattern of activation on the retina.
Most of the connections among neurons in these areas are
short and inhibitory, which facilitates demarcating the edges
of objects (which is important for figure-ground segregation).
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The first principle is divide-and-conquer. According to this
rinciple, complex tasks never are accomplished by a single
rocess, all in one swoop. Rather, most tasks are treated as if they
re combinations of simpler sub-tasks, each of which is grappled
ith by a separate aspect of the overall processing system.
In the case of visual perception, the brain has clearly divided

rocessing of object properties, such as shape and color, from
rocessing of spatial properties, such as location. Gross and
ishkin (1977) argued long ago that this division of labor

fforded a neat solution to two problems. On the one hand, we
eed to be able to recognize objects when their images fall in
ifferent parts of the visual field (or on the retina). This is accom-
lished by ignoring location in the system that processes object
roperties—the so-called “ventral system”, which runs from the
ccipital lobe to inferior temporal cortex. The ventral system
lays a central role in recognizing objects. On the other hand,
e need to know where an object is located in order to reach for

t or navigate with respect to it (approaching or avoiding it, as
ppropriate). Such processing is accomplished by using the very
nformation that is discarded by the ventral system. Location is
egistered by a system that processes spatial properties—the so-
alled “dorsal system”, which runs from the occipital lobe to
osterior parietal cortex.

Thus, the two problems (recognizing objects in different loca-
ions and being able to specify location) have contradictory
equirements—and it is rather elegant that the brain deals with
ach in a separate system.

.1.2. Weak modularity
The second principle is weak modularity. The brain has

umerous specialized systems, which exist either courtesy of
The output from the visual buffer is a representation of edges
and regions of an object (or objects, if a scene is being seen).

. Object properties processing system: Output from the visual
buffer flows into the ventral system, where it is compared to
stored visual memories. If a match is found, the object (or
part of an object) is recognized.

. Spatial properties processing system: Output from the visual
buffer also flows into the dorsal system, where location and
other spatial properties are computed.

. Long-term associative memory: The outputs from the object
properties processing and spatial properties processing sys-
tems converge on long-term associative memories. Such
memories specify the spatial relations among objects or parts
of objects. For example, a “landmark” consists of an object
in a specific location relative to other objects. To identify a
landmark, information from both processing streams must be
used.

The theory also specifies subsystems used in to carry out
op-down search, should first-pass bottom-up processing not be
ufficient. Although such mechanisms are crucial when objects
re viewed in impoverished conditions (e.g. partially occluded,
n poor lighting), they are not central to the present discussion
nd so I will not address them further.

.3. A problem in vision and a possible solution

The distinction between the ventral and dorsal systems makes
ense from the perspective of the two principles briefly outlined
arlier, divide-and-conquer and weak modularity. We saw ear-
ier that the existence of the ventral and dorsal systems allows
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the visual system to solve certain fundamental problems, namely
recognizing objects in different locations (by discarding location
information) while at the same time promoting navigation and
reaching (by specifying location information). Let us now extend
the logic of this approach to another problem that confronts
the visual system. Many objects can be contorted in different
ways, and thus project numerous shapes. For example, consider
a human form crouching, standing on tip-toes with arms raised
high, or balancing on one leg. How can the visual system iden-
tify objects when they can project an almost infinite number of
images?

One possibility is suggested by essential features of the the-
ory just reviewed. First, note that no new parts are added to
the image when the object is contorted in its many and varied
ways, although some parts may be occluded (entirely or par-
tially). Thus, if a sufficient number of individual parts can be
recognized, this is a strong indication that a specific object is
present. Second, and this is the crucial part, the spatial relations
between parts remain constant if they are described in a relatively
abstract way. Consider the spatial relation between the forearm
and upper arm when a person assumes different postures. If that
relation is described as “connected by a hinge”, the same spatial
relation applies when the arm is bent a little bit, straight, or bent
more than 90◦—or when it is at any other angle. Thus, if the
forearm and upper arm are described as “connected by a hinge”
(with the parts being recognized in the ventral system and the
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two sorts of processing may be implemented in the brain. And
in fact, many studies have shown that the left hemisphere is rel-
atively better at encoding categorical spatial relations, and the
right is relatively better at encoding coordinate spatial relations
(Laeng, Chabris, & Kosslyn, 2003).

In short, here is an example of a situation where 20 ques-
tions seems to be working. At the first cut, we divided the
entire system into two coarsely defined subsystems, distinguish-
ing between the object-properties-processing ventral system
and the spatial-properties-processing dorsal system. At the sec-
ond cut, we focused on the dorsal system, and now divided
it into two more finely characterized subsystems, which com-
pute categorical versus coordinate spatial relations representa-
tions.

So far, so good. This approach does seem to allow us to
play 20 questions with nature and make progress. But why?
In the following section, I consider fundamental assumptions
that underlie this approach.

3. Bridging levels of analysis

So far, Newell might not take issue with the thrust of my
observations; after all, he strongly argued that researchers should
formulate theories of general processing systems. But now we
definitely part ways. A second major factor contributed to the
failure of the earlier distinctions, and to the success (so far!)
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patial relation produced in the dorsal system), outputs from the
entral and dorsal systems can produce the same descriptions
or different contortions of the form—and those descriptions in
urn can match the same representation in long-term associative

emory.
I called this sort of abstract relation a categorical spatial rela-

ion, because it specifies categories (Kosslyn, 1987). A category
s an equivalence class; for instance, if you hold one hand next
o the other, the first will remain left or right of the second no

atter how high, low, or far away it is from the other hand.
nce assigned to the category, the spatial relations are treated

s equivalent, with any differences (e.g. between a bent versus
utstretched arm) ignored.

However, the dorsal system cannot compute only categorical
patial relations representations. Such representations are use-
ess for another key role of the dorsal system, namely reaching
nd navigation. Knowing that a table is “in front of” you (a cate-
orical spatial relation) will not help you walk around it, or pull
our chair up to it. In these cases you need precise metric infor-
ation, and you need such information relative to your body,
part of your body, or relative to another object that serves as

n “origin”. I have called this sort of representation a coordi-
ate spatial relation, given that it requires a metric coordinate
ystem.

A central part of the theory is the idea that categorical spatial
elations representations typically can be captured by a word
r two, and the left cerebral hemisphere is better than the right
t such processing. In contrast, coordinate spatial relations rep-
esentations are essential for navigation, and the right cerebral
emisphere is better than the left at such processing. Thus, one
f the first predictions tested hinged on assumptions of how the
f the categorical/coordinate one. This factor rests on the type
f theory—namely one that spans multiple levels of analysis.
ewell had no particular use for the brain in this theorizing,
ut as was just illustrated, I have found neuroscientific data to
lay crucial roles—both in formulating and in testing theories
f cognitive processing.

.1. Levels of analysis

The approach I advocate is based largely on that of Marr
1982), but adapted in various ways to be more appropriate for
ognitive processing rather than vision per se. Following Marr, a
undamental characteristic of a theory of a processing system is
hat it begins with an analysis of the task to be accomplished. In
he case of the categorical/coordinate distinction, the hypothesis
hat separate processing systems are used in the two cases rests
n an analysis of the purposes of each sort of representation.
arr (1982) stressed the importance of developing a theory of

he computation. In Marr’s conceptualization, the theory of the
omputation is a theory of what a process computes. Such a
heory is an argument for the existence of a specific process.
owever, and this is a key point, the argument for the existence
f a specific process was cast within the context of a system as
whole. Marr stressed that separate processes work together to
ccomplish any complex task.

The theory of the computation can be conceptualized as spec-
fying a black box, which takes a specific input and produces a
pecific output; this output in turn is used as input to yet other
rocesses. But to understand the nature of the transformation
rom input to output, we need to consider what goes on inside
his box. The theory must also specify the nature of the internal
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representations and the processes used to interpret and transform
those representations.

Marr treated this aspect of the enterprise as another level of
analysis, which required a different sort of theory than that cast
at the most abstract level. According to Marr, whereas a theory
of the computation describes what is computed, a theory of the
algorithm specifies how it is computed. An algorithm consists
of a step-by-step procedure that guarantees that a certain output
will be produced on the basis of a certain input.

Finally, algorithms are implemented in hardware (on a com-
puter) or “wetware” (in a brain). The level of the implementation
specifies how an algorithm is physically realized. For example,
the fact that the posterior parietal lobes and dorsolateral pre-
frontal lobes are richly interconnected with large fiber tracks
implies that the two areas work together (in at least some cir-
cumstances). This observation seems particularly relevant to the
encoding and use of spatial relations representations (e.g. Baciu
et al., 1999; Kosslyn et al., 1998).

3.2. Interdependence among levels

Marr sometimes wrote as if a theory at one level of analysis
could be formulated with only weak links to theories at the other
levels. However, computations rely on algorithms, and those
algorithms have to operate in a brain that does some things well
and other things not so well (e.g. as fast as it is, the speed of
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key; the goal of producing the same representation for objects in
different contortions versus providing input to guide motor sys-
tems was at the heart of the distinction between the two kinds
of representation. At the level of the algorithm, conceptualiz-
ing processing within the context of the larger system played a
central role; the fact that object properties and spatial properties
are processed separately provided a key constraint on the theory
of what is computed and how such computation proceeds. And,
finally, the idea that the two cerebral hemispheres would differ
for the two kinds of processing not only helps to specify the
nature of the representations and processes, but also offers one
way to test the hypothesis.

4. Leveraging multi-level theories

Why is it important that scientists be able to play 20 questions
with nature and win? One reason is simple: cognitive process-
ing is extraordinarily complex, and we must find ways to gain
traction in studying it. Think of a really large apple, which is
too big to get your mouth around; to eat it, you need to cut it up
into small, bite-size morsels. If we cannot ask relatively simple
questions, such as those posed by binary oppositions, we may
never be able to get a grip on the overwhelming complexity of
the human mind.

In this context, I argue that multi-level theories, which bridge
from information processing to the brain, should play a special
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rain processes pales when compared to computer operations).
n addition, as evolution progressed, older parts of the brain often
ere relatively preserved—new areas were added, but the old
nes rarely were redesigned from scratch. If you want to rebuild
boat at sea, there’s only so much you can do about changing

he hull—you have got to keep afloat all the while you modify
he vessel. Thus, the newer portions had to work with the older
nes, which may not have been optimal for the final product (cf.
llman, 1999).
In short, characteristics at each of the levels of analysis affect

heorizing at the other levels—and hence a powerful approach
o theorizing about cognition requires that all three levels of
nalysis be considered at the same time. It is important not to
ose sight of the fact that these are levels of analysis of the same
hing—the brain. Even the most abstract level is still a descrip-
ion of brain function. Hence, it should not be surprising that the
ifferent levels of analysis must be viewed as interdependent.

Nevertheless, Marr’s approach underscores the importance
f theorizing about what processing is for, of specifying the
elation between abstract characterizations of processes and the
epresentations and processes that carry them out, and of charac-
erizing the way representations and processes are implemented
n the brain—and, more generally, the importance of discovering
he relations among events at different levels of analysis.

And here is where I think the approach to studying cate-
orical versus coordinate spatial relations most strongly parts
ays from the approaches adopted for studying the dichotomies

n Newell’s “do-not-do” list. The current approach depends on
heorizing at all three levels of analysis, and on coordinating
hose aspects of the theory. At the level of what is computed, the
nalysis of the purposes of the two kinds of representations was
ole in playing the science game of 20 questions. Such theories
ave three properties that I find especially inviting.

First, they lead researchers to collect different sorts of data.
or example, the categorical/coordinate distinction has been
tudied using connectionist models (e.g. Jacobs & Kosslyn,
994; Rueckl, Cave & Kosslyn, 1989), neuroimaging (e.g. Baciu
t al., 1999; Kosslyn et al., 1998), studies of brain-damaged
atients (Laeng, 1994), studies of patients who have had one
r the other cerebral hemisphere temporarily anaesthetized
Slotnick, Moo, Tesoro, & Hart, 2001), and divided-visual-field
ehavioral methods (e.g. Hellige & Michimata, 1989; Kosslyn
t al., 1989 for review, see Laeng et al., 2003). Although any
ne method has problems, different methods have different
roblems—and thus converging evidence from different meth-
ds has particular power. To the extent that very different sorts of
ata converge to document a distinction, that distinction garners
trong support.

Second, when theorizing on the basis of such varied types
f data, there are more constraints on the theory. Moreover,
ulti-level theories must respect qualitatively different sorts

f constraints simultaneously. Perhaps paradoxically, the more
onstraints that are available the easier it is to theorize, even
hough it is more difficult to fit all the constraints together within
common framework. The added difficulty is a virtue, which

eads the theorist to reject what could have been possible con-
enders. Moreover, it is easier to formulate studies to distinguish
mong relatively few theories than a very large number.

However, perhaps the most important aspect of this approach
s that it invites accumulation of research findings and theo-
etical distinctions. I expect future research on this topic to
ecome more deeply integrated into general theories of object
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recognition and reasoning (e.g. Laeng, Shah & Kosslyn, 1999),
and to make deeper contact with theories of language. In fact, I
would not be surprised if the distinction between categorical and
coordinate spatial relations provides insight into how linguistic
categories bridge to perceptual representations.

Newell was troubled not simply by the failure of most binary
distinctions to lead to fruitful research, but also by the lack of
accumulation of such results. He had the sense that research
was not accumulating to paint a coherent overall picture, but
instead isolated fragments of knowledge were being collected.
The multi-level approach avoids this problem in part because it is
rooted in the brain. To the extent that we can begin to illuminate
what the brain is doing during a specific type of task, we are
likely to be able to integrate those results with what it is doing
in other types of tasks. The brain is, after all, a single organ.
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