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• az értelmezéshez modellt konstruálunk

• a modell valózsínűségeket használ

• a modell a feladattól független
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2.ökológiailag releváns 
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Summary

Humans develop richmental representations that guide their
behavior in a variety of everyday tasks. However, it is un-
known whether these representations, often formalized as
priors in Bayesian inference, are specific for each task or
subserve multiple tasks. Current approaches cannot distin-
guish between these two possibilities because they cannot
extract comparable representations across different tasks
[1–10]. Here, we develop a novel method, termed cognitive
tomography, that can extract complex, multidimensional
priors across tasks. We apply this method to human judg-
ments in two qualitatively different tasks, ‘‘familiarity’’ and
‘‘odd one out,’’ involving an ecologically relevant set of stim-
uli, human faces. We show that priors over faces are struc-
turally complex and vary dramatically across subjects, but
are invariant across the taskswithin each subject. The priors
we extract from each task allow us to predict with high preci-
sion the behavior of subjects for novel stimuli both in the
same task as well as in the other task. Our results provide
the first evidence for a single high-dimensional structured
representation of a naturalistic stimulus set that guides
behavior in multiple tasks. Moreover, the representations
estimated by cognitive tomography can provide indepen-
dent, behavior-based regressors for elucidating the neural
correlates of complex naturalistic priors.

Results

Human performance in a wide range of individual perceptual
tasks has been shown to be close to that of an ideal observer
that combines sensory evidence with prior expectations ac-
cording to the rules of Bayesian inference [11]. Moreover,
many perceptual illusions have been shown to arise from the
influence of priors in the face of sensory uncertainty or ambi-
guity [12]. Thus, characterizing priors for natural stimuli and
understanding how they are used is central to the study of hu-
man perception.

The priors we use for simple one-dimensional variables,
such as speed of movement for visual objects [3] or direction

of sunlight [13], have each been carefully characterized in the
context of a specific perceptual task. However, surprisingly
little is known about the nature of priors for complex, high-
dimensional real-life stimuli, such as faces, and whether
such priors depend on the task in which they are employed.
The task dependence of priors, in particular, addresses a
fundamental assumption of the Bayesian paradigm that has
so far gone untested: to allow for efficient learning and power-
ful generalization, natural priors should be shared across tasks
such that the same prior can be used in many different situa-
tions, predicting task independence. Conversely, demonstra-
tion of a prior in only a single task leaves open the possibility
that the behavioral effects attributed to that prior are instead
caused by idiosyncratic response strategies elicited by the
task and thus the real prior may be different from that assumed
[14, 15]. In order to test the task independence of priors, we
need to compare the priors used in different tasks that operate
on the same stimulus set. To do so requires us to overcome a
major obstacle: the lack of any method for extracting poten-
tially complex, high-dimensional priors for naturalistic stimuli
across different tasks.

Cognitive Tomography
Herewe develop a novel Bayesian approach, cognitive tomog-
raphy, that can be applied to a wide variety of behavioral tasks
by allowing simple discrete choices to be used to reveal
detailed and quantitative information about a subject’s per-
sonal, potentially complex and high-dimensional mental repre-
sentations. The term ‘‘cognitive tomography’’ is motivated by
the isomorphism with traditional structural tomography in
which a detailed high-dimensional physical structure is recon-
structed from a sequence of low-dimensional measurements
(derived from mathematical integrals over the underlying
structure) by solving the ‘‘inverse problem’’ [16]. Analogously,
our method reconstructs an individual subject’s representa-
tional structure using a sequence of simple discrete choices
(arising frommathematical integrals over the underlying struc-
ture) by explicit inversion of a model describing how re-
sponses depend on mental representations.
We start with the idea that objects can be described by

multidimensional features, and a subject’s prior over a class
of objects is a probability distribution over those features
[17, 18]. For example, the feature space we use is based on
the physical appearance of a large sample of human faces
scanned in three dimensions and is constructed along the first
two principal components of their geometrical structure [19].
Figure 1A (top) shows this feature space as well as the prior
of a hypothetical subject plotted in this space: gray scale indi-
cates the probability, according to the subject, with which a
face represented by each location belongs to the class of
familiar faces. To avoid terminological confusion later, we
will refer to a subject’s prior as their ‘‘subjective distribution,’’
and in line with other studies of perceptual priors, we assume
that it affects perceptual decisions without necessarily being
explicitly accessible by the subject. The key element of our
approach is that we explicitly treat the subjective distribution
as an unknown quantity that cannot be observed directly
and thus needs to be inferred from observable behavior. For
this, we use ‘‘ideal observer’’ models that link subjective distri-
butions to behavior, and by inverting these models using

4These authors contributed equally to this work
5These authors contributed equally to this work
*Correspondence: m.lengyel@eng.cam.ac.uk
This is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original author and source
are credited.
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S egy hazavihető tanulság

14Orbán Gergő http://golab.wigner.mta.hu

az agy a külvilág értelmezésekor automatikusan felépíti, és 
— ha szeretnénk, ha nem —  
felhasználja annak modelljét 
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