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I N T R O D U C T I O N 

One of the most fundamental questions in psychology is the 
general problem concerning the ways in which the organism copes 
with the complex structure of its environment. How are the stimuli 
from outside dissected into informational units; how many units 
can a human subject handle in a certain period of time and store 
for a shorter or longer duration; to what kind of perceptual units 
does the subject respond? All these questions have a bearing on 
the one general problem of how the human subject deals with in
formation. 

The study of the manner in which information from the environ
ment i s assimilated can follow several different courses . P r o m i s 
ing possibilit ies have thus presented themselves in the field of 
reaction t imes , perception, and memory. Common to all these 
approaches is the problem of isolating the elementary units which 
a r e involved in these processes and which a re dealt with as units 
by the reaction, perception or memory system. These units must 
be seen as corresponding to the aspects of an object that are as
similated independently of each other by an observer. In this study 
which is concerned with visual perception we shall r e s t r i c t the 
te rm perceptual element for an aspect of this kind. 

That the study of perceptual elements is of crucial importance 
appears from the fact that already from the very beginning of the 
development of psychology theories have been developed and ex
periments have been conducted on this subject. It i s t rue to say 
that the experimenters in this field have not explicitly used the 
t e rm perceptual element, but it is apparent implicitly in their 
work that their investigations were ultimately aimed at the kind of 
elements we have in mind. We shall continue with a brief survey 
of the various types of study that deal with the subject matter at 
hand. 

Gestalt psychologists have established that perceptual elements 
a re not formed by concrete parts of figures. Indeed, the perceptual 
impression of an object is not only determined by i ts concrete 
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parts but also by the interaction between the parts. These psycho
logists furthermore investigated the different types of interaction 
among component parts of a figure and on these they based the 
formulation of the well-known Gestalt Laws. 

Attneave (1957) showed in the case of randomly constructed 
polygons that almost the complete variance obtained in a judged 
complexity task could be accounted for by a weighted combination 
of the following measures: the number of sides, symmetry, angu
lar variability and the ratio of the square of the perimeter to the 
area. These findings only cover randomly constructed polygons. 
For patterns of a different nature, other variables will be involved 
in the assessment of their complexity, as was noted earlier by 
Attneave (1954). The knowledge of these variables is still very 
limited and they do not allow quantification at this stage. 

Shannon and Weaver (1949) introduced - in a non-psychological 
context - a general method for determining the amount of informa
tion. Their measure can be applied in experiments on perception 
on the condition that all possible stimuli are known to the subject 
and that the presence of a stimulus is determined only by a certain 
constant - sometimes conditional - probability which is also known 
to the subject. In many cases, such as in experiments on pattern 
perception, it is almost impossible to find out which stimuli are 
being anticipated and with what probability they are being expected 
by the observer: clearly, the subjective probabilities do not nec
essarily match the probabilities introduced by the experimenter. It 
is thus almost impossible to arrive at unambiguous measures of 
information which are relevant to psychology (Green and Courtis, 
1966). Moreover, the method proposed by Shannon and Weaver is 
applicable in psychology only in cases such as discrimination be
tween patterns and not in cases where we wish to describe i r re 
spective of the set in which the pattern occurs, the specific infor
mation inherent in the pattern itself. Our study is directed towards 
the specification of information of the latter type. 

It is clear from many experiments that the amount of informa
tion a human subject can transmit equals approximately 2.5 bit per 
"dimension". This means that he is not able to categorize stimuli 
that differ e.g. only in intensity, into more than 6 or 7 classes *. 
It also appears that when a stimulus object is varied in more than 
one aspect (dimension) the maximal amount of transmitted infor
mation (in bits) is much greater than 2.5 bit although somewhat 

* ƒ is approximately 2.5 bit = ^logif; К is approximately 6 or 7. 
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less than the sum of the maximal amounts of information per di
mension (Pollack, 1953; Anderson and Fitts, 1958). 

Erikson and Hake (1954) used three completely correlated var
iables simultaneously. Physically speaking there is only one di
mension in such a case, so that one might expect the maximal 
amount of information transmitted to be 2.5 bit. Nevertheless they 
found a maximal value of 4.12 bit in their tests of perception. Ap
parently the subject was able, in this case, to use 17 different 
categories for one of the variables rather than only 6; this im
provement must be ascribed to the support of the two additional 
cues. From this result it follows that as long as dimensions are 
perceptually independent, addition of such dimensions increases 
the total discriminative ability and the amount of information that 
can be assimilated. These results show above all that perceptual 
dimensions constitute cardinal factors in the process of transmit
ting information. It may be understood from the preceding that for 
MacKay (1950) there was reason to distinguish between two forms 
of information, viz.: structural information or logon content and 
metrical information or metron content. The logon content is re
lated to the number of dimensions or degrees of freedom; the 
metron content is concerned with the number of categories that 
can be distinguished by the observer within each dimension or 
logon. The metron content can be assessed by means of Shannon's 
selective information theory. 

The decoding technique proposed by Oldfield (1954) builds upon 
the process of chunking. The fact that chunks are formed has been 
shown in the literature especially in the case of long-term mem
ory: very frequent or vitally important objects are linked onto a 
certain symbol (word) due to a learning process. In spite of the 
fact that a chunk formed in this manner may convey a very large 
amount of information it appears even so that a human subject is 
able to assimilate almost simultaneously approximately 7 of these 
content-loaded symbols, e.g. 7 digits (i.e. 7 χ 3.2 bit) or 7 letters 
(i.e. 7 ж 4.4 bit) or 7 Chinese characters (i.e. 7 x 1 1 bit). 

In the above paragraphs we have looked at the "perception 
units" that are prevalent in the literature. The type of "perception 
unit" that bears upon the intrinsic information of patterns is the 
object of our study. As an information unit in the above sense we 
shall use the logon concept proposed by MacKay. The crucial 
problem now is to determine which types of logon are concerned 
and to what degree they apply. Only when we have obtained satis
factory answers to these questions, shall we be able to specify the 
perceptual elements of a certain object for a certain sense organ 
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and thus assess the number of information units (logon content) 
involved. 

In Chapter I we shall examine the general requirements of a 
perceptual system for assimilating objects with maximal effi
ciency. Starting from these general requirements we shall deter
mine the properties of the information assimilation process and 
the perceptual elements inherent in the system. On this basis we 
shall subsequently develop a method for specifying the perceptual 
elements within such an efficient perceptual system and for 
assessing the logon content contained in visual patterns, which can 
be deduced from these perceptual elements. In Chapter Π we shall 
discuss the verification of our deductions by means of experiments 
and in Chapter ΠΙ we shall consider to what extent our theory is 
generally supported by various perceptual phenomena. In Chapter 
IV we shall look into the question whether the specification of in
formation as it follows from our theory does not also result from 
other theories and we shall examine to what extent our experi
mental results would also provide support for these alternative 
theories. 



C h a p t e r I 

T H E O R E T I C A L P R O P O S I T I O N S 

§ 1. Efficiency propositions 

In developing our coding theory we start from the assumption 
that the human perceptual system is based on efficient principles. 
Working on this assumption we shall further indicate the proper
ties of such an information assimilation system and of the percep
tual elements inherent in this system. These properties will be 
formulated in the form of propositions that must be regarded as 
working hypotheses. Although it is not possible to demonstrate the 
correctness of these hypotheses in a theoretically irrefutable way, 
we shall attempt in this section to show that there are sufficient 
grounds to deal with them as working hypotheses. 

The efficiency of a perceptual system is manifested in particu
lar by those characteristics that enable it: 
a) to represent an object in a minimal number of perceptual ele

ments; 
b) to discriminate maximally between and within objects. 

Regarding the first point, let us consider a perceptual system 
which, like human vision, is equipped with a "retina". Assume 
further that a perceptual element is understood to be that part of 
an object which is assimilated by one separate receptor of the 
retina. It would then follow that for any object acting as a stimulus 
as many data would have to be assimilated by the perception sys
tem as there are receptors in this regina; in human vision this 
would reach absurd proportions in that 4,000,000 effective recep
tors would be involved. 

However, if a perceptual element corresponds to an independent 
or unequal datum of the object, then the number of data of the fig
ure at the very most totals the number of receptors in the retina; 
generally it will be less, for to all equal aspects only one single 
perceptual element will correspond. In order to represent an 
object the perceptual system will generally only need to record a 
smaller number of data of the object. Thus the information storage 
capacity of this perceptual system is greatly increased. 

In a system in which the perceptual elements correspond to the 
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parts of the object that are assimilated by separate receptors, it 
would moreover be impossible to detect the similarity of a pattern 
of dots and the same pattern of dots that has been rotated a few 
degrees or that has been shifted a few millimetres from its origi
nal position. This kind of perceptual system should hardly be cap
able of detecting similarity between objects. 

We shall now consider further the properties of the perceptual 
elements that, as we have seen above, represent clusters of com
pletely correlated or equal data of an object. Such perceptual 
elements may be divided into complex and non-complex types. 
Non-complex perceptual elements, by definition, possess indepen
dent as well as indivisible properties. Complex perceptual ele
ments comprise groups of perceptual elements with non-complex, 
independent and indivisible properties. 

For a comparison of the efficiency of perceptual systems with 
complex and non-complex perceptual elements respectively, it is 
necessary to equate the conditions under which they operate. For 
this purpose we let the number of possible perceptual elements of 
both systems be P. The complexity of complex perceptual elements 
is determined by the value of r, which expresses the number of 
non-complex properties that comprise a complex perceptual ele
ment. We shall further present both systems with objects that con
sist of wxr non-complex qualities. If we assume, moreover, that 
an object is determined by a permutation * of these non-complex 
qualities (in which the same quality may occur more than once) 
then a perceptual system with the above mentioned complex per
ceptual elements may discriminate only Pn such objects, whereas 
for a system with elementary perceptual elements this total would 
be (JM)r such objects. 

A system with non-complex perceptual elements has a greater 
capacity of discriminating within objects and therefore possesses 
a greater associative ability than a system with complex percep
tual elements. Indeed, the latter system is, contrary to the first, 
never capable of detecting similarity between two objects that 
possess e.g. only one common non-complex quality. 

We may propose the following: 

Proposition I. A perceptual system is efficient if it registers ob
jects in terms of non-complex properties of these objects. 

Let us next consider a perceptual system that only needs to de
code a number of entities in as far as their quantitative relation
ships, in this case, their structural aspects are concerned. These 
entities might then be represented by the quantitative relationships 

* This will become apparent at a later stage (see p. 7). 
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between each possible pair of entities. In many cases Proposition I 
would not then have been applied, for the relationships that are 
equal for several entities would have been recorded not in one, but 
in many perceptual elements (contrary to the independence princi
ple of Proposition I). Even if relationships occur, which in certain 
respects are equal, there must, according to Proposition I be at 
least one perceptual element which corresponds to that aspect that 
is common to them all. Thus each entity may share in several 
perceptual elements and is generally not confined to one. Since the 
aspects of one entity, each relating to one perceptual element, 
differ from each other quantitatively and not qualitatively, and 
since these aspects are determined by all the relationships be
tween the entities, it is efficient, once a perceptual element has 
been determined, to subtract the corresponding quantitative rela
tionship from the total structure of the entities. In so doing, the 
perceptual system avoids the error of registering overlapping 
perceptual elements. 

This procedure has an added advantage in that, not until the 
transformation of the relations between all the entities has been 
made in this manner, will it be clear which indivisible and inde
pendent aspects qualify for the next perceptual elements. Gener
ally the decoding process has a greater efficiency when a percep
tual element is formed by an aspect that the majority of the enti
ties have in common (Proposition I). If, once again, the remaining 
structure is reduced by such a perceptual element, a new remain
ing structure with a still poorer information content is generated. 
The process will continue in this way until the whole structure has 
been rendered structureless by means of the described transfor
mations. This assimilation process is characterized by the se
quential step-by-step procedure of decoding: each specification of 
information proceeds from a structure which itself is the result of 
a preceding information specification. This leads to the formula
tion of our second working hypothesis: 

Proposition II. A perceptual system is efficient if in the assimila
tion of objects with quantitative interrelationships each step in the 
information specification process proceeds from the result of the 
previous specification of information. 

We shall name Proposition Π the Hierarchy Proposition. In the 
next section we shall examine a number of examples. As a result 
of its procedure, the assimilation of complicated, highly struc
tured figures will take much time. Such figures may be of vital 
importance or occur very frequently. If, however, there exists a 
separate perceptual element for each of these figures, the assimi
lation time will be reduced to a minimum. Thus, in spite of the 
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complexity of such a figure, we may assume only one perceptual 
element to correspond to it. On this basis we might suggest a third 
proposition: 

Proposition HI. A perceptual system is efficient if the perceptual 
elements each represent one object completely, so that a fast de
coding of that object is attained. (Efficiency with regard to char
acter i s t ic a exclusively, to the detriment of character i s t ic b.) 

To the extent that a perceptual system functions in accordance 
with Proposition Ш, it will operate at a high speed, but on the 
other hand, as we have deduced above, it will be characterized by 
a very poor discriminative ability and a very poor associative 
ability. When discussing the specification of information of figures 
in the pages to follow, we shall, therefore, proceed from Proposi
tion I and Proposition Π only. Since we might expect the applica
bility of Proposition Ш in familiar figures we shall, in the r e 
maining part of this study, try to avoid familiar figures. 

In the following section we shall determine the perceptual ele
ments of s t ructures, in particular of visually perceived figures. It 
will appear that, in as far as we proceed from Proposition I and 
Proposition Π, these perceptual elements correspond to a certain 
type of logon. 

§ 2. Specifying the information 

In this section we shall attempt to deduce which aspects of vis
ual patterns function as perceptual elements in an hypothetical 
perceptual system to which we ascr ibe the above mentioned eco
nomic principles. In order, at a later stage, to be able to test the 
feasibility of such a perceptual system by means of experiments, 
we must also direct our attention to a quantitative value that can 
be deduced from these elements of perception, namely the amount 
of information of visual patterns. This indeed we have established 
as corresponding to the sum of the perceptual elements of visual 
patterns. We shall proceed as far as possible from the "efficiency 
theorems" worked out in the previous paragraph, in order that our 
deductions do in fact bear on an economic system of perception. 
For the sake of psychological relevance, we shall in a few in
stances also draw upon the knowledge of human perception: these 
excursions, however, a r e not essential to our problem. An exam
ple of this is the following. It appears from experiments (Berlyne, 
1966; Attneave, 1954; Barskii, 1962) that in a figure the points 
conveying information a r e generally not situated in the homogen
eous fields of the figure. For this reason we shall at present not 
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only restrict ourselves to visually perceived figures, but further
more limit our discussion to the contours of such figures. More
over, according to Proposition I, we are justified in assuming that 
an efficient perceptual system only handles independent and un
equal properties, i.e. contrast points, of a figure. What we mean 
by equal and unequal will be clarified as this study proceeds. 

We shall begin by considering the simplest contour a "point". It 
is clear that a point, as it is studied here, is not infinitely small, 
but corresponds to the "grain" of the retina. 

The location of a point is usually given in terms of two co
ordinates: horizontal and vertical (Theorem I: independence). Im
plicit in this is that the use of a fixed system of co-ordinates is 
allowed. However, experiments such as those of Sherif (1958) show 
that a fixed point of light in a dark room gives the subject the im
pression of a moving point of light (autokinetic effect) and it is 
therefore more natural to presume that in human perception there 
does not exist an absolute system of co-ordinates completely in
variant with respect to the outside world. In this case the informa
tion of one single point lies exclusively in the actual presence of 
the contour point. 

Let us now consider two adjacent points, p and q. 

ti 
• W 

Experiments by Witkin (1948) with the Rod-and-frame test, 
which show that certain people do not allow themselves to be mis
led by the surroundings when determining the vertical, give us 
grounds for presuming that there does exist in human visual per
ception a more or less fixed direction of reference. This may 
easily be understood in the light of the fact that the human organ
ism can always revert to the direction of gravity. Let us assume 
a base-axis with such a direction of reference running through 
point/». The distance from p to the base-axis then equals 0. Let 
us express this distance as A{p). Since a distance always implies 
the presence of a point, we are justified by Proposition I (inde
pendence) in allowing only one of these two interdependent proper
ties of a point to count as a perceptual element. In consideration of 
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the discussion to follow, we shall choose the distance A [p) as the 
perceptual element. That A(p) equals 0 does not imply that a point 
withA(p) = 0 contains no information. Summing up then, A(p), with 
A(p) = 0 symbolizes the information that i s contained in the p r e s 
ence of point p. Point q is determined if the distance from q to the 
above mentioned base-axis is given. This applies of course on the 
understanding that the perceptual system follows the s e r i e s of 
points e.g. from left to right. The information of p and the infor
mation of q can thus be expressed a s A{p) and A{q). We shall 
henceforth use the notation A{p), A{q). 

We shall now consider a figure of 3 points, p, q and r, adjacent 
and in line. 

The figure will contain 3 units of information, namely: A{p),A{q), 
A{r). 

In the specification of information we have up till now only made 
use of Proposition I. We have sought the minimum number of in
dependent propert ies of the figure necessary for its complete de
scription. Before determining the information of the figure above 
according to Proposition Π, we shall discuss how we a r e to deter
mine the information of a figure in general. We can visualize a 
figure as built up of a number of aspects and variations; these 
would have to be subtracted from the figure in order to make it 
disappear. The elements of an efficient perceptual system c o r r e 
spond, as we have seen (Proposition I), to independent and indivis
ible aspects or variations of a figure. We shall therefore equate 
the information of a figure to the number of operations - corre
sponding to independent and indivisible aspects - which must suc
cessively be applied in order to rob the given figure of its content 
(Proposition II). Naturally we shall choose a method such that this 
result will be reached with the least number of operations. A most 
suitable method of calculation is that of differentiation because it 
can be applied to al l the data simultaneously (Proposition I). We 
shall now apply it to the data by which the above figure i s r e p r e 
sented. These data a r e : A(p), Afa), A(r). From the drawing it i s 
evident that A(p) = Q, A(q)=A(q) and AÌr) = 2A(q). The operations 
necessary for the assessment of information a r e : 
1. differentiation: A(q)-A(p), A(r)-A(q)·, this equals: 

A(q) - 0, 2A(q) - A{q)= A(q), А(д); 
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2. reduction: A(q)-* 0; 
3. reduction: 2 —* 0. 
Operation no. 1 corresponds to the discovery that the points are 
aligned. Operation no. 2 symbolizes the registration of the direc
tion of the line. Operation no. 3 symbolizes the registration of the 
length of the line. Operations no. 2 and no. 3 proceed from the re
sult of the first operation (Proposition Π). Because each operation 
corresponds to an independent and indivisible aspect of the figure, 
the straight line consisting of three aligned points conveys three 
information units. 

These three operations also apply to two points that are not 
adjacent: 

? 

The necessary operations are: 
1. differentiation: A{q)-A(p) = A(q); 
2. reduction: A(q) —« 0; 
3. reduction: A(p-q)—< 0. Note: A (fi- q) = distance between p and q. 

In this way we can also analyse any straight line of any length. 
E.g. the straight line below, consisting of 6 adjacent points may be 

represented by: 0, A(q), 2A(q), 3A(q), 4A(q), 5A(q). To this we 
may apply the following operations: 
1. differentiation: A(q) - 0, 2A(q) - A(q), etc. = A(q), A(q), A(q), 

A(q), A(q); 
2. reduction: A(q) —> 0; 
3. reduction: 5 —» 0. 
The information of this line consisting of 6 adjacent points in line 
equals 3 in accordance with the procedure set out above. Again, 
the third operation corresponds to the length, the second operation 
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to the direction of the line. In the second operation we made use of 
Proposition I. Indeed, the reduction A (q) —> 0 was not only applied 
to one A{q) but to all five A{jq)s. Operation no. 1 was performed in 
order to enable us to apply Proposition I in operation no. 2. In the 
first operation distances are transformed into differences {A(q)) 
between distances. These differences correspond to the angle sub
tended by the line joining the centres of two adjacent points and the 
base-axis, for if we term this angle Q, then Q = arc sine(A(^)/2r), 
where 2r equals the distance between the centres of two adjacent 
points. 

•Сііеолй 

angles instead of differences in distance. We shall therefore pro
ceed on the understanding that in the perceptual system under dis
cussion differences in distance are always transformed into the 
angles that correspond to them. Consequently no information unit 
is involved in this transformation. After all, equal and unequal dif
ferences in distance correspond respectively to equal and unequal 
angles. This correspondence does not exist in the case of distances 
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and differences in distance: here transformation does account for 
a unit of information. In order to express a line in not more than 
three terms, the latter transformation only becomes necessary 
when the line consists of more than three points. Only if this is the 
case it will be appropriate to make use of angles. Because figures 
with any relevance in psychology will nearly always include 
straight lines consisting of at least three points *, we shall hence
forth proceed from angles - and therefore also from operation 
no. 1. 

As we shall further restrict ourselves to figures that contain at 
least one straight line of 3 or more points, we may dispense with 
operation no. 1 (transformation of distances into angles), opera
tion no. 2 (direction) and operation no. 3 (length) in order to sim
plify the specification of information: after all, we are in the first 
place concerned with differences between amounts of information 
of figures. We shall from now onwards refer to these three infor
mation units as units of frame information. 

* This is not only the result of properties inherent in the figure, e.g. 
"noise", or a poor drawing of the figure, but it is also the result of the 
limited discriminatory powers of the sense organ. Every visual percep
tion system is characterized by a certain grain. The sense organ cannot 
discriminate within the size of a point corresponding to such a grain. 
This in itself gives us sufficient grounds to postulate that a circle is 
perceptually apprehended as a polygon built up of straight lines of at 
least three points. Let us therefore look at the circumference of a circle 
in greater detail. We shall assume that the straight elements of a circle, 
physically speaking, do not consist of more than two adjacent points: 

Such a pair of points is formed by s and t. Since these points have the 
"just noticeable" size for the sense organ concerned, it is necessary that 
the points r and и fall entirely outside the shaded band - having the same 
width as a point - if they a r e to be registered by the sense organ as de
viating points. Since, as the figure shows, this cannot be the case, a 
c ircle is represented by a sense organ as a polygon of straight lines, 
each consisting of at least 4 points. 
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The figure 

as also the figure 

/ =0 

1 = 0 

will from now onwards be ascribed 0 information units (/=0). 
In various figures equal lengths of line occur more than once, 

e.g. in 

As the lengths of line a re all the same, the frame-information of 
length too applies to all these lengths of line (Proposition I). For 
the sake of simplification, we shall henceforth res t r i c t ourselves 
to figures composed of lines of equal length unless otherwise 
stated. Lines of this kind will be called the contour elements of a 
figure. Similarly, our figures will have a finite extent. Moreover, 
according to what was agreed with respect to the units of frame 
information, it applies that the direction of one of the contour 
elements ca r r i e s no information. For this reason we may arbi t 
rar i ly choose one of the contour elements of a pattern as coincid
ing with i ts base axis. For the sake of simplicity we shall, where 
possible, choose the extreme left hand contour element - the 'first1 

element of the figure — as the base axis. 
The figure 

ƒ = 1 

•—'"" base-axis 

then, is represented by the angle a, i.e. the angle subtended by b 
and the base-axis . The operations called for in this figure a r e : 
1. reduction: a—* 0. 
And so: 1=1. 
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The figure A^Ä'·'"" 

/ ^ 7 = 2 

Λ...ί.. base-axis 

is therefore now represented by the angles α, β. 
Operations: 
1. reduction: α —• 0; 
2. reduction: β —» 0. 
And so: / = 2. 

We shall now make a few remarks on the information of angles, 
each taken separately. There is only a limited number of angles 
that can be distinguished perceptually. As a result, all distin
guishable angles will occur relatively often and so, according to 
Proposition ΠΙ it is of economic interest that in the perceptual 
system each different angle is immediately registered as a sepa
rate entity. The information of each angle is in this manner stored 
in chunk form. We shall let this apply also to lengths and numeri
cal values. Thus the storage of information of an angle, length or 
number can be reduced to one single act instead of a series of ap
proximating acts as is the case in the selective information theory. 

Let us study the specification of information of a regular poly
gon in which the angles between two successive lines equal a: 

/ 3 * '·. ƒ = 2 

base-axis 

r 
If we follow the contour of this figure, starting from point p, we 
meet the following series of angles subtended by the sides of the 
polygon and the base-axis: 0, a, 2a, 3a, 4a, 5a, 6a, . . . , »a. 

Operations: 
1. differentiation: α-O, 2a-a, 3a-2a, etc. =a, a, a, a, a, a, a, etc. 
2. reduction: a —* 0. 
Angle a is also determined by the number (w) of angles of this 
polygon. The second operation could be replaced by: n—»O. As we 
proceed it will appear that the operation α -»0 has a general use
fulness. 
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Thus for such regular polygons as the following 

I =2 

we may state 1=2. 
Where differentiation constitutes one of the operations, it is 

generally necessary to specify the information of the first value of 
the series to be differentiated. Otherwise it would be impossible to 
deduce the original series from the final result of its differentia
tion, and the information specified would be ambiguous and there
fore not represent the figure. In order to avoid this ambiguity, we 
shall agree now that in the differentiation operation to follow the 
first value of the sequence to be differentiated equals 0, unless 
otherwise stated. 
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The figure 

О 
is represented by the angles: 0, a, 2a, 3α, 4a, . . . , net. The re
quired operations are: 
1. differentiation: a-O, 2a-α, 3α-2a, . . . , па- (и- 1)α = α, α, α, α, 

α, α , . . . , a sequence of η a's; 
2. reduction: re—· 1; 
3. reduction: a—· 0. 
And so / = 3. 

whose representation corresponds to the following sequence of 
angles: 0, a, 3a, 6a, 10a, 15a, . . . , »a, requires the following 
operations: 
1. differentiation: α-O, 3a-a, 6a-3a, etc. = a, 2a, 3a, 4a, etc. 
2. differentiation: 2α-a, 3a-2a, etc. = a, a, a, a, a, etc. 
3. reduction: a —> 0. 
And so / = 3. 

At this stage we shall introduce a different type of operation. 
The following figure comprises a finite number of steps; to the 
angles a, j3 which occur here, | a | = | β | applies. We shall restrict 
ourselves for the time being to figures with the latter two proper
ties so as to obtain a clearer outline of the specification of infor
mation. 
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The figure may be represented by the angles: α, β, α, β, α, β, α, β, 
α, β, α, β, α, β, α, β. α = 0 ο . β = 90°. 

Let us substitute Q for α,β with the result: Q, Q, Q, Q, Q, Q, Q, 
Q. The operations to be applied are: 
1. reduction: 8 - 1 (8 Q's);. 

furthermore: Q — 0, i.e., ία, β} —· 0, thus: 
2. reduction: a —» 0; 
3. reduction: β —* 0. 
And so / = 3. 

According to Proposition I, the operations no. 2 and no. 3 apply 
to each Q. Moreover, the properties of Proposition Π become evi
dent: the operations performed with respect to α, β are subordinate 
to those with respect to Q,Q,Q,... , etc. That Q is equal only to 
{α, β} and not to {β, a} is expressed in the order of operation no. 2 
and operation no. 3. 

From the above the following rule may be derived. If a 'contin
uous' pattern, in which no repetitions occur, contains χ units of 
information, a 'continuous' figure consisting of 2 or more repeti
tions of this pattern will contain x + l units of information. 

The figure drawn above may also be looked at in another way. 
If in any series the occurrence of СУ's and ß's is given and if the 
length of the series is also given, then the simplest series of an
gles that satisfies the conditions is the following series: 

α, β, α, β, α, β, α, β, α, β, α, β, α, β, etc. 

As we have seen, the perceptual system represents this series if 
it has stored the information contained in the following changes: 
1. reduction: и -* 1 (и = number of a's and ß's); 
2. reduction: a — 0; 
3. reduction: β —» 0. 

With regard to the specification of information of the figures to 
follow, it is important to note that the numbers of ß's located be
tween the a's constitute the series 1, 1, 1, 1, etc. The value 1 we 
shall from now on term the base value because a series consisting 
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of these base values lacks further information than that contained 
in the three operations above. The practicability of this approach 
will become apparent when we deal with our new figures. 

Before we proceed, a few remarks on our use of symbols should 
be made. The number of numbers will henceforth be denoted by a 
dash above the number, e.g., the series 4, 4, 4 is decoded as fol
lows: 
1. reduction: 3 —» Τ (5 equals the number of 4 ,s); 
2. reduction: 4 —· 0. 
Similarly, the number of quantitative properties will be denoted 
by two dashes above the number. And so on. As an example, 
3. 3, 3, 3, 3 is decoded as follows: 
1. reduction: 5 — Ϊ (5 is the number of S's); 

-2. reduction: 5 —· Ö. 
The figure 

7 = 5 

is represented by the angles: 0°, 90°, 0°, -90°, 0°, 90°, 0°, -90°, 
etc. Operations: 
1. düferentiation: 90°-0 o , 0 o -90°, -90°-0 o , 0o-(-90°), etc. = 

90°, -90°, -90°, 90°, 90°, -90°, -90°, 90°, etc. 
Let us substitute Q for 90°, -90O, and Q' for -90°, 90°; result: 
Q, Q1, Q, Q', Q, Q1, etc. 

2. reduction: η — 1; 
3. reversal: (?' —* Q. 

The operations with respect to Q are: 
4. reduction: 90° — 0; 
5. reduction: -90° — 0. 
And so / = 5. 

It will readily be understood that in the case of this as well as 
all the following figures the operation no. 1, by which the angles 
(H) are transformed into angle differences (H.V.), provides us with 
a very efficient procedure. Consequently we shall in future start 
with this operation and symbolize it by H-*H.V. We shall also 
represent figures directly by means of angle differences. 

The reversal operation no. 2 corresponds to the property of 
symmetry. 

The figure 

will, by means of the operation: 1. reduction: H—>H.V., be repre-
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sented by the angle differences: β,α, α, β, α, α, β, α, α, β, a, a, etc. 
The numbers of ot's interposed between the ß's constitute the se
ries 2, 2, 2, 2, 2, 2, etc. The information, contained in the devia
tion of these pairs from the base value 1 (see p. 18) is expressed 
by the operation: 
2. reduction: 2 —* 1. 
According to Proposition I this change applies to each 2 in the se
ries. The result is: 1, 1, 1, 1, 1, 1, 1, etc. As we have seen (p. 19) 
this series lacks further information than that contained in three 
operations. Two of them are: 
3. reduction: β —* 0; 
4. reduction: a—· 0; 
while the third, an operation on the length of the pattern, does not 
apply here since the above figure has no end. 
And so / = 4. 

The operation no. 2: reduction 2 — 1, corresponds in this in
stance only to the numbers of a's, whereas an operation of this 
kind for previous figures dealt with both a's and ß's. Thus the ac
tual reduction 2—»l has here a different content. Ingenerai, each 
operation includes not only our formal notation, such as 2—1, but 
also the attachment of this to a specific value. 

That the series of angle differences begins with a β and not with 
an α is expressed in the order of the operations 3 and 4. In gen
eral, then, the numbers appearing in the derived series, in this 
case: 2, 2, 2, 2, 2, etc. relate to the value dealt with in the second 
of the subordinate reductions, here: α —· 0. 

The figure 

may, by means of the operation: 1. reduction:H—>H.V., be repre
sented by the angle differences: β, α, β, α, α, β, α, β, α, α, β, α, β, 
α, α, β, α, β, α, α, etc. The numbers of a's interposed between the 
ß's constitute the series: 1, 2, 1, 2, 1, 2, 1, etc. The numbers of 
I 's interposed between the 2's constitute the series: T, 1 ,1 , I , 1, 
1. T, etc. The series 1, 2, 1, 2, 1, 2, 1, 2, etc. is thus robbed of 
information by means of the operations: 
2. observation *: a 1 occurs; 
3. reduction: 2 —» 1. 

* An observation in this and all following instances refers to the presence 
of a number in the ser ies that has reached this phase of transformation. 

О 
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The operation dealing with length information does not apply. 
The se r ie s now become: 1, 1, 1, 1, 1, 1, 1, etc. This ser ies , again, 
lacks information if the following operations a r e performed: 
4. reduction: β —« 0; 
5. reduction: α —· 0; 
and the length information. The latter, however, again does not 
apply. If operation no. 3 had been omitted, the present operations 
would have corresponded to the previous and not to the above 
figure. 

Assume now that the numbers of interposed a ' s a r e : 2, 0, 1, 2, 
0. 1, 2, 0, 1, 2, etc. Operations: 
1. reduction: 2 —> 1; 
2. reduction: 0 —· 1. 
These operations correspond to the se r ie s 2, 0, 2, 0, 2, 0, 2, 0, 2, 
0, etc., i.e., to the figure: 

It i s therefore necessary that there should be an operation in 
which is expressed that a 1 occurs in the s e r i e s : 
3. observation: a 1 occurs. 
Should the following operations also take place, 
4. reduction: Η — H.V.; 
5. reduction: и —» 1; 
6. reduction: β —» 0; 
7. reduction: a —» 0 (и = 5); 
then these would represent the following figure: 

t U . 

The figure 

may be approached in yet another manner. It may, by means of the 
operation: 1. reduction: H —H.V., be represented by the angle dif
ferences : α, α, β, α, α, β, α, α, β, etc. The numbers of ß's in ter
posed between the a ' s constitute the se r i e s : 0, 1, 0, 1, 0, 1, 0, 1, 
etc. 
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The numbers of I ' s interposed between the noughts constitute 
the se r ies î , ï , î , î , Ï , etc. It now remains , in accordance with 
our procedure, to specify that O's and I ' s appear in the ser ies and 
that the se r ies begins with a 0. This information is implied in the 
operation: 2. observation: a 0 occurs. Indeed, if the ser ies had 
contained only O's, this observation would have been superfluous. 
If values other than O's or I ' s were to occur in the se r i e s , these 
would be dealt with in a separate specification. Thus, if we r e 
serve the observation, a 0 occurs, to the se r ies 0, 1, 0, 1, 0, 1, 
etc. there will be no ambiguity. Using similar arguments, we can 
r e se rve the observation: a 1 occurs, to the se r ies 1, 0, 1, 0, 1, 0, 
etc. The remaining operations a r e : 
3. reduction: α —· 0; 
4. reduction: β —· 0. 
And so I = 4. 

Generally we have been satisfied with the operations: 
1. reduction: β —> 0; 
2. reduction: a —> 0, 
which give the resul t : 0,0. 
The number (2) of noughts in the se r ie s 0, 0 is implied in the fact 
that there a r e two operations already performed. Therefore the 
operation 2—» Ö that would be required to annihilate the information 
conveyed by this duality is superfluous. 

The figure 

may, by means of the f irs t operation: H—»H.V., be represented by 

the angle differences: β, β, α, β, α, α, β, α, β, β, α, β, α, α, β, α, β, 

β, α, β, α, α, β, α. The numbers of a ' s interposed between the ß ' s 

constitute the se r i e s : 

0, 1,2, 1 , 0 , 1 , 2 , 1 , 0 , 1 , 2 , 1 . 

If for the moment we disregard the I ' s , the se r i e s becomes: 

0, 2, 0, 2, 0, 2. 

Transformation into the se r i e s : 0, 0, 0, 0, 0, 0, requi res the fol
lowing further operations: 
2. observation: a 0 occurs; 
3. reduction: 2 —· 0. 

Replacement of the deleted I ' s into the transformed se r ies 
gives the se r i e s : 

0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1. 
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For this the required operations are: 
4. observation: a 0 occurs; 
5. reduction: 6 — 1; 
6. reduction: β — 0; 
7. reduction: a —· 0. 
And so I = 7. 

The question could be raised as to why, in operations no. 2 and 
no. 3, the series 0, 2, 0, 2, 0, 2 is transformed into the series: 
0, 0, 0, 0, 0, 0 instead of into the series: 1, 1, 1, 1, 1, 1. The rea
son is that in the latter case the information contained in the rela
tion between the original I 's and the I's generated in the series 
0, 2, 0, 2, 0, 2 cannot find expression because both types of I 's can 
no longer be distinguished in the substituted series. 

In some cases it is more efficient to remove a partial series, 
which by means of operations has been rendered void of informa
tion, from an original series rather than to substitute back into it. 
For example, the figure 

may, by means of the operation: 1. reduction: H—»H.V., be rep
resented by the angle differences: α, β, α, α, β, β, α, α, β, β, a, a, 
β, β, a, ¡i, α, β, β, α, α, β, β, α, α, β, β, α, α, β, α, β, etc. The num
ber of terms between the underlined a's and ß's form the series: 
14, 14, 14, 14, etc. 
2. reduction: 14 — 0; result: 0, 0, 0, 0, etc. 
The underlined a's and β's form the series α, β, α, £, α, β, α, etc. 
3. reduction: и —· 1; 
4. reduction: а —· 0; 
5. reduction: £ —· 0. 

If, now, we remove the annihilated series a, Q, a, £, a, j3, etc. 
from the original series, we obtain the series: β, α, α, β, β, a, a, 
ß, ß, α, α, β, β, α, α, β, β, etc. 

Let us substitute Q for β,a and Q' for α, β; result: Q, Q', Q, Q', 
Q, etc. 
6. reversal: Q» -> Q; result: Q, Q, Q, Q, etc. 

(the operation: η -» 1 is already mentioned in operation no. 3) 
7. reduction: β —» 0; 
8. reduction: a — 0; 
and so / = 8. 
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Similarly, it is possible to introduce a partial se r ie s into a 
given s e r i e s . The specification of the information i s completely 
analogous to the case just i l lustrated. 

We have now dealt with the principles of our method of specify
ing information. We shall summarize these as follows. The infor
mation of a series of values is equal to the minimum number of 
operations which must successively be applied to render a given 
series void of information, i.e., to Hransform it to 0'. Of these 
operations the first is applied to the given ser ies , the second is 
applied to the resul t of the first operation, the third is applied to 
the result of the second operation, and so on (Proposition Π). This 
hierarchy of operations is partly due to the "abstraction — opera
tion - substitution technique", a technique which entails 
(i) the temporary abstraction of a certain se r ie s from a given 

ser ie s of values; 
(ii) subsequent operations such that this se r ie s is rendered void 

of information; and finally 
(iii) the replacement of this s e r i e s in its transformed appearance 

into the original position within the given s e r i e s . 
It may sometimes be more efficient to remove a s e r i e s from the 
original ser ies or to introduce a ser ies into the original. An ab
stracted se r ie s can itself function as a new starting ser ies ; i .e., 
such an abstracted se r ie s may also in its turn undergo an abs t rac
tion-operation-substitution procedure, and so on. A ser ies which 
is to be abstracted may be a closed section of the starting ser ies 
or it may be made up of intermittent values in it or it may derive 
from the totalled numbers of some or all of the values in the 
starting ser ies . 

The character of the operations is determined by Proposition I. 
According to this proposition operations must be chosen in such a 
way that they a r e not divisible and do not overlap. F r o m this it 
can be concluded that the efficiency of an operation is the greater 
the more values of the starting se r ie s a r e encompassed. The 
operation which shows this feature fully is the differentiation 
operation. An operation which should be distinguished from the 
above, is that in which the order of the values i s reversed ( ' re
versa l ' operation) (p. 19). Also conforming to Proposition I a r e the 
operations: reduction of a certain value to 0 or reduction of a 
number to 0 or 1 (base values, see p. 18). The latter types of 
operation apply to all the values or numbers given in the original 
se r ie s and indicated in the derived se r ie s (Proposition I). Substi
tution of transformed values or numbers may only be made if the 
inter-relat ionships of the values or the numbers in the starting 
se r ie s a r e , by means of operations, deprived of information. In 
those cases where the numbers 1 or 0 and at least one other num-
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ber occur, it is necessary to apply the following operation, obser
vation: "a 0 occurs" or "a 1 occurs", in order to avoid ambiguity 
(see p. 22). 

In this discussion we have for the sake of simplicity excluded 
the three information units of a straight line. As a base-axis we 
generally choose the line that the hypothetical perceptual system 
first scans. In relation to this base-axis it determines the angles 
of the figure. The series to which the operation first described 
here is applied is generally formed by the series of angle differ
ences, this in turn derived from the angle series by the differen
tiation operation Η - Ή . ν . 

The figures that follow will serve to illustrate the application of 
Proposition Π in the procedure of specifying the information. 

The figure 
,—I I = 9 

_ . _ ,—M—, —ILl I e+c. 

may, by means of the operation no. 1: reduction: H—»H-V., be rep
resented by the series: α, β, β, α, α, β, α, β, β, α, β, α, α, β, α, β, 
β, α, α, β, a, j3, β, etc. The numbers of ß's interposed between the 
a's constitute the series: 2, 0, 1, 2, 1, 0, 1, 2, 0, 1, 2, 1, 0, etc. If 
we disregard the I ' s , the series becomes: 2, 0, 2, 0, 2, 0, 2, 0, 2, 
etc. Transformation of this series into the series 0, 0, 0, 0, etc. 
requires the operations: 
2. reduction: 2 —> 0; 
3. observation: a 0 occurs. 
Replacement of the deleted I 's into the transformed series gives 
the series: 0, 0, 1, 0, 1, 0, 1, 0, 0, 1, 0, 1, 0, 1, 0, 0, etc. The 
assessment of information with respect to the quantitative relation 
between the I 's and the O's is as follows. 

We may express the series of the numbers of I 's that are inter
posed between the O's by: Ö, I , I , I , 0, I , I , ï , Ö, Ï , 1, ï , Ö, Ί , I , I , 
etc. _ _ 
4. reduction: 3 —* I [3 is the number of I ' s ] ; 

result: 5, T, Ö, I , Ö, I , Ö, T, etc. 
5. observation: a Ö occurs; 

result: 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, etc. 
6. observation: a 0 occurs; 
7. reduction: и —· 1; 
8. reduction: a —· 0; 
9. reduction: β —> 0. 
And so / = 9. 
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Here we have a clear illustration of Proposition Π (see the 
operations nos. 3, 4, 5 and 6). 

We may approach the latter figure in yet a different manner. As 
we have seen, the numbers of β's interposed between the a's in 
this figure constitute the series 0, 1, 2, 0, 1, 2, 1, 0, 1, 2, 0, 1, 2, 
1, etc. If we assume Q = 0, 1, 2, 0, 1, 2 then the series becomes: 
Q, 1, Q, 1, Q, 1, Q, 1, etc. Operations: 
1. reduction: и — 1; 

Q — 0. This requires 7 operations. The operation H-*H.V. is 
included in these 7 operations (see p. 21). 

9. reduction: 1 —· 0. 
And so ƒ = 9. 

The figure 

7 = 10 

I U I — et«. 

may, by means of operation 1. reduction: H—>H.V., be represented 
by: α, β, α, β, β, α, α, β, α, β, β, α, β, α, α, β, β, α, β, α, α, β, α, β, 
β, α, α, β, α, β β, etc. 

Let us substitute Q for: α, β, α, β, β, α, α, β, α, β, and <?' for 
β, α, β, α, α, β, β, α, β, α; result: Q, Q', Q, Q\ Q, etc. 
2. reversai: Q' — Q, 

resuit: Q, Q, Q, Q, Q, etc.; 
3. reduction: η —· 1, 

result: Q. 
The numbers of ß's interposed between the a's constitute the se
ries: 1, 2, 0, 1, 1. 

The operations with respect to Q become: 
4. observation: a 1 occurs; 
5. reduction: 2 —» 1; 
6. reduction: 0 —· 1; 
7. observation: a 1 occurs; 
8. observation: a 1 occurs; 
9. reduction: a—* 0; 
10. reduction: β — 0; 
and so / = 10. 

The figure 
/=9 
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is represented by the angle differences: α, α, β, α, β, β, α, α, β, a, 
β, β, α, β, α, β, etc. The numbers of ß's interposed between the a's 
constitute the series: 0, 1, 2, 0, 1, 2, 1, 1, 0, 1, 2, 0, 1, 2, 1, 1, 
etc. 

Let us substitute Q for 0, 1, 2. The series becomes: Q, Q, 1, 1, 
Q, Q, 1, 1, etc. 
1. reduction: 2 —• I (2 is the number of Q's and I 's), 

result: Q, 1, Q, 1, Q, 1, etc.; 
2. reduction: η — 1, 

Q - 0: I(Q) = 6 (see p. 21); 
3. reduction: 1 —» 0. 
And so I = 9. 

The figure 

may, by means of the operation no. 1: H—*H.V., be represented 
by the series: α, α, β, β, α, β, α, α, β, α, β, α, β, β, etc. 

The numbers of ß's interposed between the a's constitute the 
series: 0, 2, 1, 0, 1, 1, 2, 1, 1, 1, 0, 1, 1, 1, 1, 2, etc. If we dis
regard the I 's , the series becomes: 0, 2, 0, 2, 0, 2, 0, 2, etc. 
2. observation: a 0 occurs; 
3. change: 2 -> 0. 

Replacement of the deleted 1's gives the series: 0, 0, 1, 0, 1, 1, 
0, 1, 1, 1, 0, 1, 1, 1, 1, 0, 1, 1, 1, 1, 1, etc. 

Further operations: The numbers of 1's interposed between the 
O's constitute the series:_ Ö, 1, 2, 3, ?, 5, 6, T, etc. 
4. differentiation: ï -Ö, 2 - 1 , 3 -2 , etc. = I , 1 ,1 , I , T, etc., 

result: 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1; 
5. observation: a 0 occurs; 
6. reduction: η —* 1; 
7. reduction: a —· 0; 
8. reduction: β —· 0. 
And so / = 8. 

Since, as we have seen, the information of a straight line cor
responds to that of two non-adjacent points, it is evident that the 
information of a pattern of points in an efficient system is equal to 
the information of the pattern made by joining the points in such a 
way that this pattern conveys the fewest units of information of all 
possible patterns made by joining the points (see p. 14). 
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The figure, made up of the corner points of a square, 

1 = 2 

contains an /=2, because, though other patterns may be drawn 
joining these points, the relevant figures 

1 = 2 

I =2 

contain the fewest units of information. An exception to this rule is 
the assessment of information of three or more points, in line but 
not adjacent, e.g., 

The information of this figure is, namely, equal to 1, not 0 (name
ly the information conveyed by the number of points). 

A figure consisting of points placed irregularly and joined by a 
continuous line as in the following example 
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contains as many units of information as there are angles. Opera-

α — 
ß -
γ - , 

б -> 

e -» 
etc 

0 
0 
0 
0 
0 

К, moreover, the contour elements are not equal but all of irregu
lar lengths, the information units will total twice the number of 
angles. 

According to the above rules for the assessment of information 
of point figures, a figure composed of S random points thus con
tains (S - 2) + (S - 2) = 2S - 4 units of information. It would be more 
correct to state that if the information of S points equals 2S-4, 
these S points would occupy random positions. 

If regularities occur in a figure, as in the case of most of the 
figures looked at so far, then the amount of information of that 
figure is smaller than 2S - 4. Most of the operations corresponding 
to these regularities are possible only if all the data such as an
gles, lengths, colours, etc., are known - and in the case of the 
perceptual system, recorded. Often all the data are required in 
order to arrive at the most efficient assumptions or to discover 
the regularities with the widest application. Operations corre
sponding to the above regularities in a figure are, for instance, 
differentiation operations which isolate differences between many 
original data (e.g. angles) from the starting series. The more 
operations of this nature occur, the more will the number of 
operations be in relative minority to the number of original data. 
Since information is registered only in the form of operations, the 
original data (e.g. angles) may, once the operation has reached 
completion, be forgotten. We shall presently consider cases in 
which even certain operations may be forgotten (p. 35). 

In a series of information reducing operations, some operations 
must follow a certain sequential order (Proposition П). According
ly the series may be subdivided into groups of operations within 
which the order of performance is arbitrary but between which 
this order is essential. These groups of operations constitute a 
hierarchy and as such they correspond to a hierarchy of structures 
that can be distinguished in the figure: substructures and super
structures. As the number of operations of an entire series is 
equal to the total sum of the number of operations in each separate 
group, the information of the figure concerned equals the total 
amount of information contained in the substructures and super
structures. 
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A few examples of the latter conclusion will follow. The figure 

/ = 8 

i s composed of the two partial s t ructures 

b В 7 = 5 

1=3 

_π_π_π_π_Λ etc. 

substructure supers tructure 

The information of A, according to our deductions, may be defined 
a s : IA = IB + 1С = 5 + 3 = 8. 

In general, however, the amount of information (8) thus com
puted will need further correction. In the present case there is a 
difference in length between the contour elements b and с of figure 
В and of figure C, respectively. Consequently the addition of one 
unit of information is necessary to deal with this difference. Thus 
the information totals 9. However, since the length of the partial 
s t ructure В is included in the operations concerned with the par
tial s t ructure C, the end information, i.e., information of the 
length, of В should be subtracted from the computed information 
total. The result, therefore, is that figure A contains, finally, 8 
units of information, as we have already deduced (p. 23). 

We shall continue with further applications of the formula deal
ing with the hierarchy of s t ructures . 

The figure 

/ = 5 

• · 
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is composed of the partial s t ructures : 

В С 

substructure supers tructure 

IA = IB + 1С + 2. 
The added units originate from the differences in length and 

direction that exist between the contour elements of С and B. 
IA = 2 + 1 + 2 = 5. 

The figure 

Δ Δ 
7 = 6 

Δ Δ 
A 

is composed of the partial s t ructures : 

Δ" 
В 

substructure 

IA = ГВ + 1С + 2 = 6. 

1 = 2 

• m 

С 

superstructure 
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Composition of the compound figures 

Δ Δ 
/=6 

Δ Δ 
В 

substructure 

results in: 

• · 
1 = 

• m 

• · · · 
• · · · С 

superstructure 

Δ Δ 
Δ Δ 

Δ Δ 
Δ Δ 

Δ Δ 
Δ Δ 

Δ Δ 
Δ Δ 

Δ Δ 
Δ Δ 

Δ Δ 
Δ Δ 

Δ Δ 
Δ Δ 

Δ Δ 
Δ Δ 

Δ Δ 
Δ Δ 

Δ Δ 
Δ Δ 

J = 13 

Δ Δ 
Δ Δ 

Δ Δ 
Δ Δ 

ΖΑ=/В+/C+ 2 = 6 + 5 + 2 = 13. 
The added units again originate from the differences in length 

and direction that exist between the contour elements of figures В 
and C. 

Another way of obtaining the same result is: 

/A = /(Δ) + д : :) + /(: :) + /(.·.) + 2 + 2 + 2. 

The sequence of different lengths of line may also act as the sub
structure of a given pattern of angles. (The same would apply to 
sequences of colours, tones, etc.) 

The following figure, in which the lengths of the contour ele
ments are unequal, will illustrate this. 

The figure ^ j _ ^ 
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may be represented by the angle sequence α, β and the length se
quence a, b, с 

The information corresponding to the angle sequence totals 2. 
As agreed upon, this includes the information of one length of line 
(frame information of length). Therefore, of the 3 lengths, a, b 
and c, only 2 lengths, e.g. b and с contain information. The infor
mation of the above figure, therefore, contains 2 + 2 = 4 units. 

The procedure of specifying the information in the case of a 
succession of lengths is exactly the same as in the case of angles. 
(This would apply also to colours and other attributes in which a 
sequential succession is thinkable, as for example melodies or 
physical movements.) 

A further possibility is that partial structures are inter-depen
dent. In such cases it is of course essential that overlapping infor
mation units are not counted twice (Proposition I). In order to 
prevent this type of error in the specification of the information of 
lengths and angles, the best course to follow is to combine both 
the length sequence and the angle sequence in one representation 
of the figure. For example, the figure 

ι—u—u—u—u I 
may be represented in angle differences: 

β, 0, β, α, α, β, 0, β, α, α, β, 0, β, СУ, α, β, 0, β. 

If the lengths of the contour elements are not each other's multi
ples, it is advisable to let the frame information length equal the 
largest common factor of the lengths occurring in the figure. 

The figure 

I 1 I 1 I 1 I 1 / = 5 

A 

consists of the partial structures: 

I 1 1 = 2 1 = 1 

В С 

substructure superstructure 

Therefore it applies that /A = /B + 1С + 2. 
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The added units originate from the differences between the 
measurements of figures В and C, 1С = 1 (p. 28). 

On this basis we can work out the information of the following 
figure: 

D D _ J Π 
/=6 

This figure differs in one respect from the previous figure, namely 
that the contour elements of В and D vary. This variation may be 
represented by the s e r i e s : b, d, b, d, b, d. 

The operations appropriate to the latter s e r i e s a r e : 
1. reduction: и — 1; 
2. reduction: b —» 1; 
3. reduction: d —» 0. 
The operations no. 2 and no. 3 a r e superfluous because they have 
already been considered in the original figure (i.e. the previous 
figure). Consequently the information of the latter figure i s found 
to be: 

7 = 5 + 1 = 6 . 

For the as sessment of information of the figure 

D D D D D D D D 

1 = 8 

D D D 
the above figure of five repeated squares (/ = 5) may again serve a s 
a starting point. The operations that have to be added a r e related 
to the lengths of the contour elements of the partial figures. The 
variations may be represented by means of the following s e r i e s : 
a, b, b, a, b, b, b, a, b, b, a, b, b, b, etc. 
1. reduction: 2 —· 1; 
2. reduction: 3 —· 1; 
3. reduction: b —· a. 

Until now we determined the information of a figure by proceed
ing from the sequence of angles and lengths of line constituting the 
figure. However, it may sometimes be appropriate to proceed 
from the sequence of operations that represent the figure (Propo
sition П). With such a se r ie s of operations we may deal in the 
same manner as we have done so far. The assessment of informa
tion by means of these operations, however, is only appropriate if 
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regular relationships - leading to information reduction - occur 
between the primary operations concerned with angles. It is better 
still if we restrict the application of this method to operations or 
to groups of operations which require a certain order completion. 
As we have already shown, these correspond to partial structures 
forming a hierarchy amongst themselves. These will be denoted by 
means of dashed Greek letters: Я, Д, ψ, etc. As an example we 
shall now calculate the information of a square of squares. For 
this we shall first look at the square: 

1 = 2 

a (square) 
7(5) = 2 (p. 16) 

/=3 

a, a (square of squares) 

Operations: 
1. reduction: 2 — 0 (2 a's — 0 Ws); 
2 
_'}cx—* Ö (s—» Ö entails two operations, see above) 

And so I(ö, a) = 3. 

/=3 

S, δ, a (square of squares of squares) 

Operations: 
1. reduction: 3 —» 0; 
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In this paragraph we have sketched the basic outline whereby 
assessment can be made of the amount of information conveyed by 
objects and stored by an economic perceptual system. The out
lined procedure does not only apply to visual objects but to objects 
of any kind, as long as they may be described in sequential terms 
and as long as they are not subject to the application of Proposi
tion ΠΙ. As in the case of the values of the original angle series, 
so the units of information developed here are subject to sequence 
order. Also to this sequence order corresponds information, which 
we have not yet brought into discussion. Indeed each different or
der of the same operations corresponds to a different figure. How
ever, the question arises as to whether this "information" should 
be regarded as extra information, for in the actual recording of 
the information the order is implied. (We shall return to this at a 
later stage.) Moreover, if we do consider this "order information" 
as extra information, the total amounts of information (i.e. the 
number of operations plus the "order information") correlate with 
the number of operations. This is so because the number of possi
ble orders of operations increases with the number of these oper
ations. Therefore we shall disregard this "order information" in 
the rest of our study. 

As we have already remarked, each of the operations includes 
not only our formal notation but also its attachment to a specific 
value. If we were to supply our notation with symbols so that these 
may distinguish within the same notation operations of different 
types, then it would be possible merely on the grounds of the know
ledge of these notations supplied with symbols to reconstruct the 
original figure. For this, only few symbols would be needed since 
a great deal of information about the attachment of notation to 
value is expressed in the order of the operations. 
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T E S T I N G T H E T H E O R E T I C A L P R O P O S I T I O N S 

In the previous section we have deduced theoretically with which 
and with how many units of information a stimulus presents itself 
to a perceptual system, assuming that this perceptual system 
functions efficiently. In this chapter we shall investigate to what 
extent the human perceptual process corresponds to the procedure 
of the efficient perceptual model outlined above. In the present 
section we shall investigate this correspondence by comparing the 
amount of information of certain stimulus patterns, deduced from 
the model, to quantitative data collected from the actual human 
perception of these stimulus patterns. Since in the development of 
our theory we have excluded metrical information, we have kept 
this metr ical information as small as possible in the patterns used 
for experiments. As in the preceding chapter, we shall generally 
r e s t r i c t ourselves to visual perception. 

F i r s t of all we shall discuss those of our experiments that sup
port our theory and then we shall examine those of our experimen
tal settings that have not produced positive resul t s . In the follow
ing pages, the patterns used will be denoted by le t ters . In the Ap
pendix may be found a list of all these figures, together with their 
respective s tructural information, as determined by means of the 
calculations that our theory prescr ibes . 

§ 1. Judged complexity 

The first question of concern was whether our theoretical meas
u r e of information corresponds to the subjectively judged complex
ity of figures. We presented 24 students with two sets of simple 
figures. Set A consisted of 24 continuous figures; set В consisted 
of 25 dot figures. These two sets included, in our opinion, a very 
wide variety of figures. Each of the sets was judged separately. 
For this, the subjects were given the following instruction: "Here 
is a set of figures. Sort these into 12 groups in such a way that the 
first group includes the simplest figures, the second the slightly 
more complicated figures, the third the even more complicated 
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figures, and so on. It does not matter how many figures you group 
together. Before you begin sorting, you must attempt as best you 
can to analyse all the figures first. Be sure to keep all the figures 
visible, also while you are sorting. Work at your own speed and 
make well-considered decisions. There is no time limit." There 
was generally no difficulty in understanding the instruction. The 
task, however, was considered a difficult one. Nearly half the 
subjects worked more than 45 minutes at each of the two sets. 
This shows that the task, even when it only concerns simple fig
ures, is far from trivial, and one may predict that the same task 
with rather more complicated figures would be almost impracti
cable. 

It was striking that the longer the subjects took over the task, 
the better sorting results agreed with our theoretical measure of 
information. Often the categorization made by a subject in the first 
few minutes was quite different from his final result. This empha
sizes the fact that not only the final encoding, but also the process 
leading to it, is of importance. 

The final categorization is mainly determined by the number of 
characteristics which ultimately represent the figure completely. 
Our concept of complexity corresponds to this amount. It is im
portant to note that the discovery of the separate characteristics 
does not need to occur in the same manner. Some characteristics 
are spotted quickly; others only with effort. These differences in 
the process of detection might act as an important interfering 
variable in our later experiments where the amount of information 
of figures is related to the speed at which these figures are per
ceived. 

The successive interval method was used to express the results 
of the judging task in internal scale values. 

The correlation (r) between judged complexity of continuous 
figures and their theoretical structural information is 0.97. From 
the results we may conclude that there is a good correspondence 
between the judged complexity and our measure of structural in
formation. 

In order to provide further support for our conclusion, we shall 
now direct our attention to the figures that deviate most from the 
regression line (see p. 39). Before continuing, a comment should 
be made. The experiment could remain restricted to 24 subjects 
because the reliability of the data is very high (the correlation be
tween the results of the first half and those of the second half of 
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Set A: continuous figures 

8 

ъ ч s- 6 i e q ,0 " »ι '3 '» 
Theoretical structural information 

the subjects is 0.98). The following four patterns form an excep
tion to this high reliability: 
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There was a great divergence in the judgment of these patterns. 
Their variance was significantly larger than that of the remaining 
patterns. During the sorting test the judgment of these four pat
t e r n s was changed considerably by each of the subjects. Generally 
these patterns were at f irst judged as being very complicated. As 
sorting continued, however, these patterns were progressively 
grouped with the simpler figures, which would, according to our 
theory, be their proper place. The subjects at first had great dif
ficulty in finding the s tructure of each of these figures. Discover
ing the regularity of the angle sequences (e and q) and detecting 
the starting point of the subpatterns (k and β) both caused great 
difficulty. Subjects who finished their task quickly had generally 
classed these figures with the complicated figures. This is prob
ably the reason why in the graph these figures appear a s being 
judged more complicated than they should have been according to 
our theory and why their judgment showed such divergence. 

Comments and other reactions during the sorting test, as well 
as the relatively wide variance of the judgments, give us grounds 
for assuming that the figures 
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were often inaccurately seen as being identical, with the result 
that the complexity of figure w was judged too low. In this case 
there is no question of a type of encoding that deviates from our 
theory; in fact only partial encoding had taken place because of 
imperfect perception, whereas our theory is clearly based on per
fect perception. 

Figure d / Ν. s* \ and figure i 

were also judged less complex than would follow from our theory. 
An explanation for this may be found in the great frequency of oc
currence in everyday life of the circle, which is a basic constituent 
of figures d and i. Thus it is reasonable to suppose that this circle 
is perceptually assimilated in chunk form, so that only one per
ceptual element corresponds to it. 

Figures 

were generally judged more complicated than would follow from 
our theory. This could be the result of the relatively large "height" 
of these figures. We found the same phenomenon for figure η in the 
experiments with stabilized retinal images (p. 56). 

The explanation of the deviation of the result of figure j will be 
considered in section 2. 
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Set B: dot figures 
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Theoretical structural information 

The correlation (r) is 0.83. 
Here also the judged complexity broadly corresponds to our 

theoretically deduced structural information. To strengthen our 
conclusion further, we shall again examine some interfering var
iables. 

In this set the process of detection is a factor that causes even 
larger deviations than in the case of Set A. Indeed our theory as
sumes, in the case of dot figures, that the perceptual system first 
investigates the manner in which the dots must be joined in order 
that the resulting figure will possess the smallest amount of infor
mation of all the possible figures joining the dots. The energy re
quired for this investigation is greater, the larger the number of 
possible joining patterns that have to be considered. 
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The actual configuration of the pattern will determine the sub
ject's preference for certain connections between dots. In cases 
where the dots constitute clearly distinct groups within a figure, 
the number of preferred dot connections is, for an unknown reason 
(Gestalt principle of proximity), smaller than in those cases where 
such groupings do not obviously occur. If these groups of dots form 
substructures, the subject will not feel the need to explore the 
non-preferred dot connections. The process of detecting the infor
mation units is therefore less comprehensive than in cases where 
the dot groupings do not correspond with the substructures. Thus 
the analysis of the figure 

will require more perceptual energy than the figure 

And yet both figures possess the same structure. That the process 
of detection constitutes a factor causing a large variance, can be 
appreciated if we compare those figures situated clearly above the 
regression line, i.e. 
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with those situated clearly below the regression line, i.e. 

χ 
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As we discussed in the context of the continuous figures, so 
here too it was apparent that, in the course of the sorting task, 
the dot figures ö, â, H, m, 3, g were grouped progressively "bet
ter", i.e. into less complex categories. This "improvement" was 
not perfect, however, which is the reason for the fact that their 
location in the graph indicates a complexity level too high for our 
theory. 

To summarize, we are merely interested in the nature and the 
amount of the non-complex elements of a figure which are ulti
mately registered by a perceiver. Thus we may treat the two fac
tors (i) the process of detection of the perceptual elements and 
(ii) the imperfection of the human perceptual system as interfering 
variables. Through our efforts to attribute the observed deviations 
from the regression line to these two factors, we have found fur
ther support for our conclusion that judged complexity corresponds 
to the structural information that can be assessed theoretically. 

§ 2. Copying task 

It is true that we found a nice correlation between judged com
plexity and theoretical structural information. But as yet we do not 
know whether it is in the first place the amount of information that 
answers to the subjects1 intuitive notion of complexity. For this 
reason we decided to look into a different type of results which can 
reliably be expected to be determined by the human information 
process. 

According to our theory the information assimilation constitutes 
a sequential process. If, therefore, our model applies to human 
perception, then the assimilation of non-complex elements of a 
figure will take more time the more complex the figure is. Conse
quently we investigated the correspondence between the time 
needed for the assimilation process and the complexity as calcu
lated by us. In order to be sure that the figures had been regis
tered properly we used a copying task. We asked 16 subjects to 
copy * 15 figures and we analysed the amount of time they needed 
to apprehend each of the figures sufficiently well to be able to ful
fil the copying task accurately. 

In this experiment the number of figures was limited to 15 be
cause the time required for copying 15 figures is so long that it 

* If a subject appeared satisfied with an inaccurate drawing, this was 
pointed out to him by the experimenter. If it was obvious from a drawing 
that the subject had grasped the structure of the presented figure, his 
drawing was treated as if it were accurate. 
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was considered impracticable to present even more figures. The 
majority of the figures used are identical to those discussed in the 
previous experiment; in order to extend the range of the patterns, 
some new figures were added. The amount of time needed was ex
pressed as the number of times that a subject needed to watch a 
certain figure for a period of 1/3 sec by operating a tachistoscopic 
slide projector. At every stage of his drawing the subject could 
present himself with another exposure of 1/3 sec. We were con
cerned only with the number of these repeated presentations and 
not with the intervals between them, because these depend to a 
large extent on the subject's drawing ability. The latter variable 
was thus eliminated as far as possible from this experiment. 

In the instruction, it was explained to the subject that neither 
the exact size nor the exact number of repeating subpatterns were 
of relevance in the accuracy of the drawing. The reason for this 
instruction is that otherwise the subject would be more likely to 
pay too much attention to details, which in the light of our theory, 
are irrelevant properties of the figure. Thus, as a result of count
ing, the subject might spend more time on reconstructing the 
figure: 

3 

than on reconstructing the figure: 

Our theory, after all, is concerned with the question of which per
ceptual elements are involved in the encoding of visual patterns. 
The energy required to quantify each separate perceptual element 
(in our example, counting) is left out of consideration. 

The results of the copying task are presented in the first graph 
on p. 48. Note: -1 on the abscissa expresses the cancellation of 
the information unit that corresponds to the number of subpatterns 
in the figures. 

The correlation (r) is 0.97. Also from these results there ap
pears to be a reasonable correspondence between the time re 
quired for information assimilation and the amount of structural 
information. 

Subsequently we made up a new series of some more complicat
ed figures, which - as appeared in the sorting tasks described 
above - generally led to results that conflict with our theory. 
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The correlation (r) is 0.08. The arguments proposed above can 
also apply to these anomalous experimental results. These are, 
briefly: 

(i) different detection time for each perceptual element; 
(ii) the imperfection of the human perceptual system; 

(iii) the height of the figure (see p. 56). 
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These variables cause difficulties especially in the case of such 
figures as 

where the subject will have to spend some time during each expo
sure of 1/3 sec in finding the starting point of the subpattern which 
is located higher each time. Only after having found this point, can 
the subject continue to investigate the structure of the subpattern. 
In order to avoid this difficulty one might present the figure con
tinuously; this, however, would entail serious disadvantages. The 
subject might then not apprehend the figure as a whole but e.g. 
simply copy it angle by angle. Moreover the presentation time 
would then in its total include both drawing activities and proces
ses of information assimilation. 

To summarize, the results of the copying task do not substan
tially differ from those of the task involving judged complexity. If 
we disregard the disturbing influence of some interfering varia
bles, we may now conclude moreover that the human information 
assimilation constitutes a sequential process. It is thus also likely 
that the information units assimilated in human perception bear 
hierarchic inter-relationships, since this would be the only rea
sonable explanation for this sequential process. 

§ 3. Fixation time 

If, in the above type of experiment, figures are presented con
tinuously rather than intermittently, the drawing activity of the 
subjects must be excluded. Experiments in which no copying was 
required, while the results did involve complexity, have been con
ducted by Berlyne (1958). He found that the more complex a figure 
was, the longer its spontaneous fixation by the subject. In these 
experiments Berlyne used an intuitive concept of complexity, 
based on an intuitive rank order of complexity; this, however, 
lacked a clear computation procedure. We applied the fixation 
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method with 16 figures to 30 subjects. The figures were presented 
at random aiter the following instruction. "Look at each figure for 
as long a s you need, in order to grasp its s t ructure complexity. 
When you have done this, let me know." The experimenter record
ed this spontaneous fixation t ime. The resu l t s a r e given in the 
graph below. 
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The correlat ion (r) i s 0.83. This i s lower than the correlat ion 
found for the copying task (see p. 47). One reason may be that the 
subjective cr i ter ion for "grasping the s t ructure" is not fixed and 
varies e.g. with attention. 

In order to lessen this objection, we * presented 14 figures in 
pa i r s to 25 subjects. Each pair was exposed 15 sec to each subject 
who was merely given the instruction to look at the figures. In this 
way we determined how much more t ime the subject spent looking 
at the more complex figure of the pair . This time-difference i s 

* This experiment was conducted by Peters. 
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much more independent of the level of attention of the subject; this 
in contrast to the total fixation time analysed in the former exper
iment. It would be reasonable to presume that the level of attention 
determines the fixation time of both figures equally. 

It is possible that differences in the level of attention may still 
exert a disturbing influence, for if the attention level is too high, 
one may expect that the figures will be done with in less than 15 
sec. The result will be a levelling of the separate fixation times of 
any two paired figures. If, on the other hand the level of attention 
is too low, the information of the figures may not be completely 
assimilated in the time available so that the fixation time does not 
reflect the relative complexity of the figures. For this reason we 
took care to keep the sum of the information units of each pair ap
proximately equal (Σ/= 18 approx). We could then assume that the 
subject would adapt his level of attention to this amount. 

The order of pairs of figures was randomized over the subjects 
to avoid any systematic effect. In an attempt to preclude compli
cated effects of learning from our results, we decided to present 
each of these figures only once, so that we only investigated 7 
pairs of figures. Furthermore we made sure that the differences 
in the amount of information - the independent variable in this ex
periment - were 0, 1, 5, 7, and 10 units, and we measured the dif
ferences in fixation time in function of this variable. The amount 
of time the subject spent looking at either of the figures (left vs 
right) was recorded by means of an eye-marker. The results are 
summarized in the following graph. 

-/ / 2 ъ 4 r 6 η- а э '* " 
Difference in theoretical structural information 
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A major objection to this experimental method is that it puts 
serious limitations on the material as a result of the elimination 
of specific learning effects on the one hand and of the equalization 
of the sum of the information units on the other. Moreover, theo
retical objections would arise against pooling the results of sever
al such series in order to obtain a single range of fixation times. 

§ 4. Stabilized retinal images 

Another method of testing our theory was suggested by the 
work of Riggs and Ratliff (1951) and of Pritchard (1960). The for
mer authors found that if the projection of a pattern on the retina 
of an observer does not move in relation to the retina, this pattern 
ceases to be seen after a few seconds. The movement of the eye 
relative to the object is therefore a condition for the constant vis
ual perception of the object. 

In a similar experimental setting, Pritchard (1960) found that 
the duration of visual perception is an increasing function of the 
complexity of the presented pattern. Amongst other things he re 
ported that "spiky figures" were seen for a shorter time than 
"rounded figures" when these were presented in a stabilized man
ner, e.g.: 

Likewise, Evans (1965) found that, with a stabilized presenta
tion, a circle was seen for a shorter duration than an ellipse. Both 
results are in agreement with the information specification based 
on our theory, if we assume that stabilized figures are seen longer 
the more complicated they are. Pritchard worked, as did Berlyne, 
with a merely intuitive notion of complexity. We shall investigate 
whether our concept of complexity is correlated with the duration 
of the visual perception of a fixed retinal image. If this proves to 
be the case, it means that the duration of visual perception is cor
related with the number of operational steps in our information 
specification; this would justify the supposition that the human 
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process on which the perceptual duration is based is analogous to 
the process of information assimilation we have described. In our 
theory we shall leave out of consideration the differences in the 
perceptual energy required for tracing the separate perceptual 
elements. In contrast to the previous experiments, the dependent 
variable in this experiment - the duration of visual perception -
was determined without the subject being aware of the purpose of 
the experiment and practically without him being able to influence 
the experiment. It is probable that we are dealing here with an 
autonomous process that subliminally determines the results we 
are to discuss. Before reporting these results, however, we shall 
look more closely at the setting of the experiment. 

4.1. A p p a r a t u s 

4.1.1. Stabilizer of the retinal image 
The stabilizer (Yarbus, 1954; Gerrits, 1967) consisted of a 

metal tube, 2.9 cm long and 0.8 cm wide, with a small lens at one 
end. Beyond the lens a small transparency could be fixed. The lens 
could be moved upwards or downwards so that the image could be 
focussed on the retina. The other end of the tube was funnel shaped. 
This end stood on the eyeball of the subject who was lying down. In 
order to ensure that this apparatus remained immobile on the eye, 
a low pressure was effectuated in the tube by means of a rubber 
bulb connected to the funnel shaped end by a piece of tubing. The 
area surrounding the lens was connected to a hot water circulating 
pump, which kept the temperature at such a level that no conden
sation could be formed on the lens. 



54 TESTING THE THEORETICAL PROPOSITIONS 

4.1.2. Diffuse light source 
A large box, diffusing white homogeneous light evenly down

wards, was hung above the subject, reposing on his back. The lying 
position of the subject was chosen in order to avoid shifting of the 
stabilizer over the eye. 

4.1.3. Electronic timer 
This instrument was operated by the subject who was instructed 

to press a key. The timer summed the duration of the periods that 
the key was pressed. 

4.1.4. Transparencies 
The transparencies were small circular photographs with a 

diameter of 0.7 cm. The pattern to be presented extended over 
approximately half the diameter. 

4.2. P r o c e d u r e 

The following instruction was given: "When we do the experi
ment, you will be lying down on your back on this bed. This little 
piece of apparatus, in which you will see a small figure, will be 
fixed to your eye by means of gentle suction. Once the apparatus 
has been adjusted the light will be switched off. As soon as the 
light comes on again, you must press this key whenever, and for as 
long as you see anything of the pattern. When the pattern disap
pears altogether, you must not press the key. You must try to re 
frain from blinking, and from any other movements whatsoever 
during the experiment. Lastly, be sure not to fall asleep while we 
are testing." 

The procedure was as follows. A drop of mydriaticum was ap
plied to one eye 25 min before the start of the experiment. This 
preparation relaxed the accommodation muscles and so prevented 
unnecessary movements within the eye. Novesine was given 5 min 
before applying the apparatus; in this way the eye surface was 
anaesthetized. The subject then lay down on his back under the 
light box. The stabilizer was applied to the experimental eye; the 
other eye was completely blindfolded by means of a black path. A 
transparency of a pattern was fitted into the stabilizer, beyond the 
lens. The subject then adjusted the lens to focus the image and he 
was given the key to operate the counter. The lights in the room 
were switched off and 4 sec later the light in the light box was 
switched on. At the same time a sign was given to the subject that 
he was now to follow up his instructions. After 3 min the experi
menter recorded the summed time indicated on the time counter. 
The subject was then given a new transparency on the stabilizer; 
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lights were put out and 4 sec later the subsequent stage of the ex
periment began. The experiment continued in this way until about 
12 pattern t ransparencies had been presented. At the end of the 
session, the subject gave a report of what he had noticed during 
the experiment. No subject was given a second session the same 
day. 

4.3. D e s i g n 

The majority of the experimental sessions were concerned with 
paired comparisons: in one session only two patterns were then 
compared, e.g. pattern A and pattern B. These patterns were p r e 
sented for 3 min each in alternation. This procedure was required 
because of large order effects: as the session progressed, less 
and less of the patterns was seen by the subject. If we represent 
the total appearance time per 3 min of the patterns A and В by α 
and β respectively, we obtain an oscillating, decreasing ser ies of 
values: αβαβαβοφ. Likewise, with other subjects, the se r ie s 
βαβαβαβα i s obtained. For each pair, aß and ßa of the first and the 
second se r ies respectively, we determined the differences {α-β). 
The sign test * was used to determine the significance of these 
differences. If no significance occurred, the comparison of A and 
В was continued. We also determined the values (a - β) of the pa i r s 
ßa and aß of the first and second se r i e s respectively. As previous
ly, we investigated whether for this material the sign test p ro 
duced a significant difference between the a ' s and the /S's. If the 
tes ts on both types of pai rs - one favoured and one counteracted by 
the order effect - were significant, we decided that we would ac
cept this difference as a true difference between the o's and the 
j8's. The resul ts of these experiments were obtained from 6 sub
jec ts . 

If the appearance time corresponds to the postulated number of 
sequential operations, it might have been preferable to measure 
only the duration of the f irs t period of appearance of a figure. In
deed, we started by using this method for a few pat terns. However, 
the numerical values thus obtained showed too much variance. It 
might have been useful to determine the average appearance t ime; 
this was however not possible, since our means of measurement 
did not allow us to isolate the regenerations due to eye movements 
(see p . 59). 

* We chose the sign test because it has only two assumptions, viz: that the 
variable under consideration has a continuous distribution and that meas
urements are obtained at an ordinal level. The disappearance times ful
filled both these requirements. 
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4.4. I n t e r f e r i n g v a r i a b l e s 

4.4.1. Extent of figures 
With a straight line and also with a pattern such as pattern p, 

we found that a figure covering more than about 5° was seen for a 
significantly longer duration than the same pattern if it covered a 
somewhat smaller perceptual angle. This effect was also shown by 
Pritchard (1960). For this reason we kept the extent of all the 
patterns constant (at 4o30 ,)· 

4.4.2. Thickness of lines 
We also found that the thickness of the line with which a figure 

was drawn - if below a certain value of approximately 8 minutes of 
arc - was positively correlated with the duration of its visibility. 
For this reason we kept the thickness of the line constant for all 
patterns (at 8 minutes of arc approximately). 

4.4.3. Brightness contrast 
The brightness contrast between figure and background proved 

to be an important determinant of the duration of appearance. 
Faint, greyish lines disappeared sooner and for a longer time than 
darker lines against a light background. We accordingly kept this 
variable constant in all patterns. 

4.4.4. Number of contour elements 
We have never found any significant difference with respect to 

duration of visibility, due to this variable. But there seems to be 
a slight suggestion that an increased number of elements causes a 
small increase in the duration of appearance. We have thus tried 
to keep this variable constant. In the next section we shall return 
to this point. 

4.4.5. "Heightn of figures 
Analogous to the extent we can consider the "height" of a figure 

as an interfering variable. Though we are painfully aware of the 
fact that this is not simply determined by the distance between the 
highest and the lowest points of a figure, we shall all the same 
operationalize this variable in this way because the alternative 
"height" measurements which we constructed provide us no better 
basis. 

It is now clear that there are three main interfering variables: 
the extent of the figures, the number of contour elements and the 
height of the figures. It appears from calculations that it is vir
tually impossible to construct our figures such that these three 
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variables are completely controlled. We therefore chose the fig
ures to be presented in pairs during this experiment in such a way 
that one of the three variables, causing a possible difference in 
appearance time would systematically counteract the confirmation 
of our hypothesis. 

It appeared, moreover, that the heights of two patterns of equal 
extent and with the same number of elements generally differed 
but little when these patterns were of about equal complexity. On 
the grounds of the results of the experiment we gained the im
pression that the height in the latter instance exerts practically no 
influence on the duration of appearance; while if the information 
difference is increased, the accompanying - generally larger -
height difference has a relatively larger effect, much larger even 
than the difference in information. For this reason we have limited 
ourselves in this experiment almost exclusively to the comparison 
of figures with approximately equal complexity. 

4.4.6. Attention 
The question whether "attention" increases the duration of 

appearance requires more specified consideration. In connection 
with the finding of Pritchard (1960) that attention has a positive 
effect on the duration of visibility, we noted the following: 
a. If the experimenter asked the subject to devote his attention 

consciously to the pattern, this was nearly always accompanied 
by an increase in jerking movements of the eye. We know that 
movements of this type in particular increase the duration of 
appearance. 

b. If the experimenter asked the subject to devote his attention 
consciously to the pattern, and if the subject avoided jerking 
eye movements in doing so, we did not observe any difference 
in the duration of appearance. The subject was unable to revive 
an image after its disappearance if he did not move his eye. 

с On the other hand, the subject was unable to make a pattern 
disappear by "a slackening of attention". 
With respect to these observations, though not systematically 

obtained, it will be useful to distinguish two factors that might in
fluence the level of attention. The first factor, fluctuating in these 
tests, is the subject's intention. From b and с it appears that this 
factor certainly does not exert a striking influence on the duration 
of appearance, unless the subject, contrary to the instruction, 
made clearly observable jerking eye movements. The second 
factor can be found in the nature of the object. In our experimental 
situation this factor is most likely found in the familiarity or in 
the complexity of the object. The latter variable is precisely what 
we are concerned with in this study. Where the former variable, 
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the familiarity factor (novelty) is concerned, Pritchard (1960) 
found that the familiarity of a figure increased the duration of its 
appearance. 

A В 

Pattern В was perceived for a longer time than pattern A. In order 
to eliminate this factor as far as possible, we used only "abstract" 
figures, that have a very low frequency of occurrence. 

Contrary to Pritchard's finding, we discovered moreover that a 
stabilized pattern that had never been seen by the subject, initially 
had a somewhat longer duration of appearance than an equally 
complex pattern with which the subject had grown familiar in pre
vious tests. By randomizing the presentation of our pattern, we 
made an attempt to control this factor. The contradiction between 
Pritchard's result and our finding must be sought in differences 
between the types of figures used. 

The decrease in appearance time of a repeated stabilized pat
tern within one experimental session might be interpreted along 
the same lines. However, this decline is so steep that we have 
more reason to suspect that there is another factor responsible 
for this decrease; such a factor might be a clouding effect of the 
cornea due to a lack of oxygen. 

4.4.7. Noise produced by the time counter 
A disturbing interfering variable may be seen in the rattling 

noise of the counting device that was operated by the subject's 
depression of the key. On the grounds of introspective data it may 
be possible that the cessation of this noise functioned as a condi
tioned stimulus for the suggestion of the "absence" of a pattern. 
Indeed, the chance that the pattern was not seen after the noise 
was greater than the chance that the pattern was seen. 

It appeared, however (see p. 64), that the frequency of noise 
bursts gave no indication whatsoever for the complexity of the pat
terns. This gives us reason to assume that the noise had an equal 
effect on the duration of appearance of all patterns. Moreover, an 
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elimination of the noise would not have solved the problem, since 
the sensations of the hand movements on the counter might also 
have functioned as a conditioned stimulus for the impression of the 
absence of the pattern. 

4.5. G e n e r a l p i c t u r e of the e x p e r i m e n t 

During the first 10 sec following the start of its stabilized 
presentation, a figure is generally clearly visible to the subject. 
Soon a point is reached when the figure - totally or partially - dis
appears. It subsequently regenerates, also completely or in part. 
In this manner the impression of the image shows an autonomous 
dynamic fluctuation, in which it is difficult to discover any regu
larities. Usually the parts of the figure that disappear or reappear 
are arbitrary ("random fragmentation"). In the next section we 
shall discuss some exceptional cases where the fragmentation 
does occur lawfully. 

Although large eye movements, clearly observable by the ex
perimenter, cause total regenerations, it may not be concluded 
that each regeneration is the result of an eye movement; in the 
case of partial regenerations this conclusion is even less permis
sible. We shall return to this matter at a later stage. 

There was a striking variation in the number of regenerations, 
even with regard to one and the same figure. Thus we found that a 
stabilized circle, presented for 3 minutes, was seen sometimes 
with hundreds of interruptions and sometimes for a few long peri
ods with a very small number of interruptions only. Yet the sum
med appearance time showed no difference between the two cases. 
We have been unable to establish a correlation between complexity 
and number of regenerations. 

A further striking observation was that the average total ap
pearance time per 3 min often varied considerably from one ses
sion to another. The range of these values lay between 10 and 170 
sec. The large variations observed not only applied among differ
ent subjects but also within the results of one single subject, who, 
as mentioned above, attended one session lasting about 45 min in 
which 12 transparencies were tested for 3 min each. The observed 
variations were probably due to such uncontrolled factors as sleep 
deprivation, use of alcohol, room temperature and preceding 
experiences. 

4.6. R e s u l t s 

The results of experiments concerning stabilized retinal Im
ages are represented in the following graph. 
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Theoretical structural information 

A few remarks should be made with respect to the graphical 
representation. The connecting lines between two patterns indicate 
the fact that we investigated these patterns as a pair within a ses
sion. If the appearance times of two patterns differed significantly, 
we assigned different rank order values. On the basis of these 
rank order differences we arrived at the given rank order of the 
appearance times of the patterns used in this experiment. Only 
those patterns that are connected in the graph and that are situated 
in different rows diferred significantly from each other (Sign test 
/><0.05). The appearance times of figures whose connective lines 
are horizontal, vertical or downward sloping, do not agree with the 
calculations following our theory. 

On the whole it appears from our results that the patterns stud
ied are visible for a longer duration the greater the amount of 
their information as calculated by us. The greater the difference 
in information between two compared patterns, the fewer the pre
sentations necessary to obtain a significant difference. A differ
ence of more than 3 information units would generally require not 
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more than 6 paired presentations (lasting 2 x 3 min each). A dif
ference of only one information unit, however, needed about 5 
times as many presentations. If, from the results, it appeared 
that more tests would be required than this amount, we took the 
duration of appearance of these two figures to be equal. The vari
ance of appearance times of the figures that were assigned equal 
appearance time scores according to this rule was near enough 
the same as the variance of the appearance times of the patterns 
within whose pairs we found a difference. 

It is remarkable that both in the experiments with stabilized 
retinal images, where mainly autonomous processes are at work, 
as well as in the experiments with judged complexity, where main
ly cognitive processes are involved, good correlations have been 
found between their scores and theoretical information. We are 
unable as yet to provide a satisfactory explanation for this. 

In the following pages we shall give further consideration to 
figures whose results deviate from our theory. Notably the pat
terns h and f were visible too long for our theory, when compared 
with the patterns t and ρ respectively. This difference may be un
derstood if one bears in mind the difference in height of the pat
terns h and f on the one hand and that of the patterns t and ρ on the 
other. Patterns h and f are both relatively centred and closed, so 
that the heights of these patterns is much larger than that of the 
patterns t and p. This applies all the more since the base length of 
all the patterns has been kept constant. 

Our motive for introducing the height as an interfering variable 
was formed by the result of the comparison of patterns η and w. 
Although pattern η possessed 9 information units while w had 10 
units, we could not find any difference in appearance time between 
η and w. This has been indicated by a broken line in the graph. A 
plausible presumption would be that a difference in height counter
acted the difference in information. 

A result that deviates from our hypothesis and that we cannot 
explain by reference to the interfering variables treated thus far 
is the following pattern 

/ \ / \ 

q 

while possessing as many as 5 units of information was seen for a 
shorter duration than the square (/=2) that constitutes its super
structure, though for a longer duration than the angular pattern 
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(ƒ = !) that constitutes its substructure. According to these results, 
pattern q should have an information total of about l i units. 

Something similar we found in the case of pattern 

e 

This pattern has 3 units of information, but according to the 
results, its information content should have a value between that 
of an angle (/ = 1) and that of a straight line (/=0), i.e. it should 
possess about ^ unit of information. An explanation for this anom
aly might be found in a lack of interest on the part of the subject 
resulting from the fact that these patterns are broken. This puts 
the observer in a situation where he can apprehend as the object of 
his perception either any one subpattern or the superstructure, bi 
the latter case the appearance time will correspond to the infor
mation of the superstructure; in the former case to that of the 
substructure. If the observer apprehends the pattern alternatingly 
according to one of these two modes, it is apparent that the total 
duration of appearance will correspond to the average of the 
amounts of information of super and substructures. We lack the 
necessary data, however, to test this hypothesis, since the pat
terns e and q are the only non-continuous figures studied in this 
experiment. 

The same reasoning may apply to the appearance time of figure 
s that deviates from our prediction. Also in the case of s, argu
ments are at hand for the assumption that not all information units 
present in this figure are assimilated "spontaneously" - as in the 
case of the figures e and q. Indeed, when asked, after the session, 
what figure s looked like, the subject would generally draw a fig
ure that closely resembled figure o. This may imply that in this 
figure the boundary of "spontaneous" information assimilation is 
reached. To this amount of information Berlyne (1958) applied the 
term "effective complexity". The boundary is not fixed at a cer
tain numerical value, because the type of operation corresponding 
to one information unit co-determines the degree to which the in
formation of an object can be assimilated. With another compari
son this was also the case, as was apparent from the longer ap
pearance time attained by figure g than by figure s. Before the 
latter difference became apparent, however, exceptionally many 
presentations were necessary. 

Summarizing, we may state that two factors inherent in the 
experimental situation cannot be eliminated. These are the extent 
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and height and the limitation of the information assimilation ca
pacity. If we disregard the confusion of the results due to these 
two factors, we may conclude, that the duration of the appearance 
time is a monotonously increasing function of complexity as de
fined above. 

The experiments with stabilized retinal images give rise to a 
question that - though not directly relevant for testing our theory -
may shed some light on the process of information assimilation 
dealt with in this study, namely the question whether we are here 
concerned with a periterai or a central effect. There are clear 
indications for the assumption that the latter is the case. 
a. Cohen (1961) presented a stabilized image to one eye in combi

nation with different conditions. For the other eye, viz: 
(i) no visual stimulation, i.e. darkness; 

(ii) diffuse light; 
(iii) a structured pattern. 
He found that the appearance times under these three conditions 
were 35%, 55%, and 74% of the total presentation time respec
tively. All differences were significant. We may therefore con
clude that one eye influences the other, and indeed in such a 
manner that an over-all increase in the activity of one eye 
augments the duration of appearance of the stabilized retinal 
image of the other eye. According to Cohen this would indicate 
that there is a central factor at issue. However, the argument 
is as yet a weak one. 

b. Gerrits (1967) came to the conclusion, on the grounds of elec
trophysiologic experimental results, that during stabilization 
no "adaptation" occurs in a section of the retinal cells. In other 
words, certain retinal cells continue to fire at a constant rate 
during constant stimulation. 

c. Evans (1965) reported that stabilized patterns may lose straight 
pieces of line in their entirety. If we may proceed from the 
findings by Hubel and Wiesel (1963) in order to explain this 
phenomenon, then this would imply that disappearance phenom
ena are mediated through area 17 or even areas 18 and 19 of 
the striate visual cortex. 

All these observations do not preclude, however, the possibility 
that the appearance duration is the direct result of external eye 
movements. But the latter argument is difficult to reconcile with 
the following phenomenon. Evans (1966) discovered that complex 
stabilized figures are seen less as a whole than simple stabilized 
patterns. This result is contrary to what one might predict if ap
pearance time were determined by the number of eye movements. 
For in this case a complex image would shift as a whole more of
ten across the retina as a result of a greater number of external 
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eye movements. It would, therefore, regenerate more often as a 
whole than would a simple image. This would lead us to conclude 
that in the case of complex figures not substantially more external 
eye movements are made than in the case of less complex figures. 

This conclusion may be further supported by our finding * that 
no correlation exists between complexity and the number of regen
erations. V/e would in fact expect that a larger number of eye 
movements in the case of complex figures would result in a larger 
mean number of regenerations. Obviously, it is the average dura
tion of visibility after each regeneration that is longer for complex 
figures than for figures of less complexity. 

Therefore, in addition to the factor eye movement, there is a 
different, separate factor, e.g. complexity, which determines the 
duration of appearance. This does not necessarily conflict with the 
statement by Gerrits that no regeneration occurs if eye movement 
is restricted **. Indeed, it is possible that an eye movement can 
form a necessary condition for the regeneration phenomena. 

Furthermore it is very unlikely that the sum of the disappear
ance durations directly results from the number of external eye 
movements, because all the disappearance and regeneration phe
nomena described by Pritchard - and to be discussed in part in the 
next section - certainly cannot be explained along these lines. 

The question now is what exactly corresponds to the disappear
ance of a stabilized retinal image. It seems plausible to presume 
that those parts of a stabilized image that are already assimilated 
are not seen any further. All that remains then is the assimilation 
of the remainder. If we now disregard the differences in "percep
tual energies" required for various perceptual elements, then it 
may be understood that the appearance time is a monotonously in
creasing function of the requisite number of information units to 
be assimilated - not simultaneously but sequentially. One would 
predict, however, that the change of the impression of a stabilized 
image as to its form must correspond to the transformation of the 
image that corresponds to the operation concerned. In other 
words, one would expect a "structured fragmentation", predictable 
at any stage on the basis of our theory. This, however, is not gen
erally found to be true: a few exceptions will be treated in the next 
section. In the majority of cases a random fragmentation is ob
served. For this we cannot provide an explanation. 

* Also based on experiments by Povel, who found that complexity is not 
correlated with frequency of eye movements (unpublished). 

** This statement only applies for well-trained subjects. 
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§ 5. Further experiments 

In the following pages we shall present some further experi
ments that, in contrast to the ones discussed so far, did not lead 
to positive results supporting our theory. 

5.1. A f t e r i m a g e s 

In view of the agreement between the phenomena connected with 
after images on the one hand and stabilized retinal images on the 
other (Evans 1965) we were encouraged by Vendrik to check wheth
er the duration of the after image of a figure bears any relation to 
the complexity of that figure. For this purpose we cut a simple 
shape out of black paper. It was pasted onto a screen in front of a 
light source and presented to a subject in a dark room. The pres
entation had a very short duration, achieved by switching on the 
light for 0.1 sec approx. The duration of the after image thus ob
tained did not prove to be shorter than that evoked for a very com
plicated shape in the same manner. 

5.2. R e a c t i o n t i m e s 

In order to gain some insight into the transmission of the struc
tural information of acoustic sequences, we * used as stimuli 
single tone sequences lasting 1 min each and having a different 
rhythmical information content. We took care that the number of 
tones was the same for each different series of sounds which last
ed for one minute. The subjects were instructed to depress a key 
immediately on hearing each tone of the presented series. From 
the results thus obtained from 30 subjects and 16 sound series, we 
determined the mean reaction time for each series and compared 
this with the structural information of the series. The correlation 
between reaction time and information content was extremely 
small (r =0.11) and not significant. 

The principle disruptive interfering variable should probably be 
sought in the limitation of memory. It appeared from introspective 
data that the subjects had discovered almost no rhythmical rela
tionships between the bursts of sound, mainly because they had 
forgotten all but the last five tones and the intervals between these 
tones. This would probably not occur in the case of tone sequences 
in which are varied not in the first place the length of the intervals 
between tones, as in our experiments, but the pitch of the tones, 
as in music. The difficulty here would lie, however, in obtaining 

* The experiment was conducted by Miss Kerssemakers . 
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data on the s tructural information content of such tone melodies 
by measuring reaction t imes . 

5.3. S t r o b o s c o p i e t e s t s 

We have considered the hypothesis that the cri t ical flicker fre
quency (eff) - where between light flashes intervals of darkness 
cease to be perceived - is determined by the limited speed of 
human information assimilation. Proceeding from this hypothesis 
we * investigated whether the complexity of a figure illuminated by 
a se r ies of light flashes co-determines i ts cff. For if the distinc
tion between light and dark as well as the perception of a simulta
neously presented figure correspond to a common process of in
formation assimilation, then the perception of the figure will im
pair the discrimination of light and dark alternations. It would 
then be possible to predict that as more of a figure is perceptually 
assimilated, so the impairment of the discrimination of light and 
darkness sequences increases . If we a re permitted to suppose that 
the more complex a simultaneously presented figure i s , the more 
information will be assimilated by the observer , then we shall 
expect the cff to be lower; for in this case the capacity to d i sc r im
inate between light and dark will be affected. We presented a very 
simple figure with an ƒ=2 in a completely dark room by means of 
illuminating it by flash sequences with a varying frequency to a 
number of subjects. Thus the cff was determined by averaging the 
upper and lower l imits . This cff proved to have the same value, 
independent of the complexity of the presented figure. In this ex
periment the known interfering variables, such as size and white 
a rea were kept constant. On the grounds of this resul t we may 
assume that there i s no interaction between the perception of a 
figure and the discrimination of a light-dark sequence presented 
simultaneously. 

5.4. R e c o g n i t i o n t a s k 

In the course of our experimental investigations, many recog
nition tasks have been attempted. General reflections, however, 
have led us to put aside such tes ts as serving no good purpose for 
the determination of the complexity of pat terns , and thus for tes t 
ing theories on information processing. As the case stands, r e c 
ognition need not necessari ly draw upon all the cues present: it 
may sometimes even be realized by the assimilation of one single 
property. Thus the accompanying recognition score offers no 

* The experiment was conducted by Po vel. 
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grounds whatsoever for conclusions on the total number of non-
complex properties of the figure to be categorized. 

To summarize, we may state that striking correlations have 
been found between the amount of information deduced from our 
theory on the one hand, and the results from the experiments on 
judged complexity, copying, fixation time and stabilized retinal 
images on the other hand. The confounding factors affecting the 
experimental data may all be classed under the following two gen
eral characteristics of the information assimilation process: 
a. The limitation of the information assimilation 

This may be due to 
(i) the limitation of the information processing capacity (see 

p. 62); 
(ii) the focussing of the observer's attention, of which some 

examples were discussed above (see p. 40). 
b. The process of detection 

Under this category may be grouped together all processes 
connected with the ultimate encoding of patterns. Relevant 
examples are: 

(i) the registering process, which must be postulated at a 
stage previous to any efficient coding process of a stimulus 
pattern. There is evidence for assuming that the extent and 
height correspond to this process, i.e. the larger the extent 
and height, the more elaborate the process of registration 
(see p. 41). 

(ii) processes whose objective is the detection of perceptual 
elements, such as the discovery of point connections en
tailing least information (see p. 43); or the tracing of the 
starting point of a repeating subpattern (see p. 49). 

(iii) It is very probable that the detection of general principles, 
relating to many elements of a pattern require more per
ceptual energy than the detection of perceptual elements 
connected with only few immediate data. Our experimental 
data seemed to suggest that the detection of especially 
those perceptual elements that entail a differentiation 
operation, required a relatively large amount of energy 
(see p. 40). 

In the following Chapter we shall attempt to compile evidence 
for the qualitative aspects of information specification as proposed 
in the first chapter. 



C h a p t e r I I I 

F U R T H E R E V I D E N C E 
F O R T H E T H E O R E T I C A L P R O P O S I T I O N S 

In this Chapter we shall discuss some perceptual phenomena 
and interpretations of perceptual phenomena that - wholly or 
partly - support our theory. The phenomena to be described have 
been classified according to the three propositions introduced in 
section 1 of Chapter I, on which our theory is based. This c lass i 
fication, however, i s not s tr ict to the extent that some phenomena 
would not be related to more than one proposition. 

The classification according to the three propositions has been 
subdivided, where this was readily possible, into discussions r e 
lated to separate Gestalt laws. These subdivisions do not intend to 
imply different explanatory principles for the discussed phenom
ena: the contrary is true. In some instances the reader will be 
referred back to the operations treated in Chapter I. 

§ 1. Phenomena related to Proposition I 

Proposition I s ta tes that an information assimilation system 
operates efficiently if it r eg i s te r s perceived objects as indepen
dent and indivisible propert ies . A perceptual system functioning 
according to this proposition will begin by provisionally categoriz
ing the information into par ts * within which a maximal uniformity 
prevails and between which a maximal dissimilari ty exists . Indeed, 
in this manner, the operations that refer to within-part differences 
will show the least overlap with those referring to between-part 
differences. That this occurs in human perception is illustrated by 
the following phenomena that a re all related to Proposition I. 

* These may also be constituted of groups of parts. 
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Pritchard (1960) found that the pattern 

if presented in a stabilized manner, was sometimes seen by the 
subject as merely: 

or sometimes as merely: 

Similarly, the pattern: oo 
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was seen sometimes merely as: 

cc 
or sometimes merely as: 

X 
Again, the pattern: 

was seen by the subject sometimes as: 

and sometimes merely as: 

Special cases, for which the above interpretation about the per
ceptual categorization into parts may also be given, will be con
sidered in the next section. 
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1.1. C o n t i n u i t y 

The Gestalt law of continuity may also be seen in the light of 
the above. 

a) The figure 

is perceptually apprehended as a composition of the figures: 

and В 

and not as a conjunction of the figures: 

p' and 

The "points" of figure A are situated more in accordance with the 
expectation of the scanning observer than the "points" of figure A'. 
In other words A contains less information, i.e. it has a greater 
uniformity of direction than A'. The same applies to figures В and 
B'. Internal uniformity within A and within В is thus greater than 
within A' and B'. The classification into A and В is therefore more 
efficient than into A' and B', which accords with Proposition I. Put 
in different words, the sum of the information of A' and B' is 
greater than that of A and B. The next two examples also illustrate 
this principle. 

b) Pritchard (1960) reported that the stabilized pattern: 
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was virtually only apprehended by the subject as either: 

or as: 

c) Gottschaldt (1929) presented one group of subjects with the 
following pattern A as many as 502 times. 

To the subjects of a different group the pattern was shown only 
3 times. Subsequently he presented the pattern В to the subjects of 
both groups, asking them to describe it. 

В 

No difference could be established between the descriptions of pat
tern В made by the two groups. Only one of the 40 subjects noticed 
that figure A was hidden in figure B. Clearly the effectiveness of 
Gestalt laws - in this case the law of continuity - overrules the 
frequency effect. Apparently the visual system prefers Proposi
tion I above Proposition ΠΙ in this situation: figure В is appre
hended as the composition of the maximally different figures *: 

and 

* We assume that the frequency effect of these figures does not play a role. 
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(Proposition I) rather than as a combination of the intended chunk: 

and the remainder: 

The fact that we judge the latter two interlocking figures 

and 

as more complex than the figures: 

and 

supports the hypothesis that also our judgment is in agreement 
with Proposition I. For according to Proposition I a figure must be 
divided into such subpatterns that their non-complex properties do 
not overlap. If an overlap occurs it means that in the information 
assessment certain aspects have been processed twice, with the 
result that the information contained in the component subpatterns 
is greater than necessary. Obviously, this was the case with the 
figures: 
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1.2. C l o s u r e 

The next phenomena to be described may be seen in the light of 
the Gestalt law of closure. We may say according to Proposition I 
that an efficient perceptual system categorizes or apprehends a 
figure in such a way that the number of non-complex perceptual 
elements of the figure is kept as low as possible. This minimaliz-
ing tendency is illustrated by an imperfect perception in instances 
where external circumstances prevent the perceptual process from 
reaching completion. 

a) This occurs when a pattern is presented with a very short 
exposure time. Gestalt psychologists found that the pattern: 

О 
if presented for an approximate duration of 0.01 sec, was seen by 
the subject as a circle without a gap ("closure phenemenon"). 
Clearly, the accurate perception of the pattern presented causes a 
greater "surprise" than the impression of the pattern gained by 
the subject under the experimental conditions; the actual stimulus 
figure does possess less internal uniformity. The information of 
the presented pattern exceeds that of the circle (/=2) by one unit. 
This phenomenon thus emanates from the application of Proposi
tion I. 

b) Pritchard (1960) observed that a stabilized presentation of the 
the figure: 

sometimes resulted in the perception of the figure: 
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Following our calculations, based on Proposition I, the latter pat
tern again carries less information than the presented pattern. 

1.3. Good f o r m 

Gestalt psychologists also found that tachistoscopic presentation 
of the pattern: 

О 
gave rise to the subjective impression of a perfect circle. Under 
the same experimental conditions, the moderately asymmetrical 
pattern: 

О 
gave the impression of the symmetrical pattern: 

• e 
These two phenomena belong to the field of the Gestalt principle 
that describes the tendency towards a good, elementary form 
"eidos". Figures to which we may assign little information along 
the lines of our calculations, are in fact these elementary figures. 
It seems fair to regard "good" figures as carrying little informa
tion. 

1.4. S c h e m a t a 

In accordance to Proposition I the division of a pattern must be 
such that substructures and superstructures have no properties in 
common. Let us illustrate this as follows: 
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a) For the stabilized pattern: 

we found that sometimes only the first or the second half of the 
figure was seen by the subject. Once in all the presentations the 
two halves were seen in alternation, that i s , the subject saw in 
succession the right and left halves without intervention of other 
subpatterns. 

The subordinate figure is here constituted by the subpattern: 

To the supers t ructure corresponds the information about the num
ber of substructures (reduction: n—>0). 

Generally, the substructure discriminated by an efficient ob
server comprises the smallest repeating s t ructure. If this condi
tion is not met, i.e. if the substructure discriminated e.g. consists 
of a multiple of smallest repeating substructures , then the infor
mation unit corresponding to the value of this multiple i s super
fluous. The smallest repeating s t ructure is called a "schema" in 
the terminology * of Hebb (1949). 

b) Also in our experience of daily life it can be said that the 
perceptual process is mediated by such schemata. For example, 
as soon as we have discovered the substructure in patterned wall
paper, there is really not much more t ime needed in order to con
clude that all the wallpaper is composed of these substructures. 
Similarly it would be very easy to detect the presence of a square-
like cell amongst a mass of sixsided cells in a large honeycomb. 
Again, a false banknote is detected all the quicker when laid 
against a genuine note. The comparative testing of information 
requires much less perceptual energy than the assimilation of new 
information, which is in agreement with our procedure of informa
tion specification. 

1.5. S y m m e t r y 

An operation with relevance to a supers t ructure is the r eve r sa l 

* This term, however, has a wider application in Hebb's work. 
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operation applied to the angle-data of a schema ((?'—·(?; see p. 19). 
This operation deprives the figure of its symmetry. This opera
tion too, however, is only possible after the discovery of the 
schema Q by the observer. 

The following finding provides evidence for believing that also 
in the case of human visual perception, redundancy is implied in 
symmetry. Attneave (1957) observed that a pattern consisting of 
random dots was reproduced better than a symmetrical dot pattern 
containing an equal amount of information (and therefore contain
ing more dots). On the other hand he found that a symmetrical 
pattern of dots was reproduced better than a random pattern con
taining the same number of dots. 

1.6. D i f f e r e n t i a t i o n o p e r a t i o n 

Inspection of the following figure: 

leads to the observation that the length of all the contour elements 
have in common that they differ by an equal increment from the 
preceding element. A differentiation operation (see § 2 Chapter I) on 
the length sequence transforms the above figure into the following: 

Our choice of this operation accords with Proposition I because it 
corresponds to one single aspect, common to all the lengths of 
line. If the figure were split into two and each part were subse
quently subjected to differentiation, one more differentiation 
operation would be required in order to render the figure void of 
information than were the operation applied to all lengths at once. 
Human perception seems to follow this differential method as may 
be seen in the description given by our subjects of the one but last 
figure: "a stepped figure with ever increasing steps" or "a stair
way in which each tread-board is a little larger than the previous 
one". 

1.7. I n v a r i a n c e of s t r u c t u r e s 

The fact that we are able to recognize abstract shape corre
spondence between different objects surely provides us with the 
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strongest argument in support of our theory, certainly in as far as 
it is founded on Proposition I. Indeed, if a perceptual system 
records objects in a maximal number of independent aspects, its 
capacity to track down similarities and differences between these 
objects is optimal. We discussed this matter more fully when we 
"deduced" Proposition I. This "associative capacity" is related to 
the Gestalt law on the invariance of structures. According to this 
law, a certain structure will be recognized in spite of rotations, 
enlargements, shifting, pitch differences or the addition of a sub-
pattern or even in spite of its forming a subpattern within a larger 
whole. Thus the triangle drawn to the left in the following figure 
will be recognizable in all the patterns to the right of it: 

And even between such figures as: 

D D D Π D Π 
or between patterns of different modality (e.g. acoustic and visual 
sequences), the relevant correspondences may easily be de
tected. Both the above figures include in their specification the 
same operations reducing the series 2, 1, 2, 1, 2, 1, 2, 1, etc. in 
the series 1, 1, 1, 1, 1, 1, 1, 1 etc., so that in these operations both 
figures are alike. An explanation is not called for if we say that 
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the Gestalt law of shape constancy illustrates Proposition I most 
directly. After all, this law is but a special case of the principle 
of the invariance of structures. 

1.8. D i m e n s i o n a l i t y 

As it appears from many investigations by others (Hake and 
Garner, 1951), the information which man can process amounts to 
about 2.5 bit for one "dimension". In other words, man is able to 
assign stimuli, differing only in intensity, to 6 or 7 categories at 
the most. It is also known that the maximal amount of information 
assimilated greatly exceeds the total of 2.5 bit if the stimulus 
object is varied in more than one aspect (dimension), where these 
are psychologically independent (Pollack, 1953; Erikson, 1954). 
From these results it may be concluded that the human perceptual 
system deals separately with separate attributes of an object, 
usually corresponding to distinct properties. 

§ 2. Phenomena related to Proposition Π 

According to Proposition Π the process of information assimi
lation is an economic process if it follows a certain order, such 
that what is first stored by an observer becomes the framework 
for the perception and the information assimilation of new data; 
this in turn forms a new frame of reference for the following per
ception, and so on. 

The following phenomena and interpretations support our hypo
thesis that Proposition Π is applicable to the functioning of the 
visual sense organ. 

2.1. C o m p l e x i t y and n o v e l t y 

Berlyne (1958) found in paired presentations of figures, that if 
one of the two patterns was new to the subject, this unfamiliar pat
tern would be looked at first and for a longer time than the famil
iar pattern. This was also found to be true for the more complex 
of two equally familiar patterns. To explain the fact that both nov
elty and complexity receive the attention of the subject, Berlyne 
assumed that an observer forms an expectation about the configu
ration of a pattern which is then tested against the pattern and 
corrected; subsequently the corrected hypothesis is re-tested and 
once again corrected, and so on. 

Each new expectation is built upon the corrections of previous 
expectations: We see in this explanation a clear expression of 
Proposition Π. 
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It is worth noting here that Berlyne calls a figure more complex 
as the number of corrections of expectations increases. If we 
agree that an expectation has to be corrected if it deviates from 
the true pattern - or in other words, if it possesses novelty value 
(aspect) for the observer - then we may conclude that a pattern is 
more complex the greater the number of novelty aspects it has for 
the observer. It is clear that there is a strong resemblance be
tween Berlyne's explanation and our theory. The corrections cor
respond in our theory to the operations, also as regards their 
number. 

2.2. " A k t u a l g e n e s e " 

Gestalt psychologists discovered, by means of tachistoscopic 
experiments, that it was possible to distinguish different stages in 
the perception of an object. In the first stage the observer sees 
the object as a whole, but in an unspecified way. In the second 
stage the observer also sees the object as a whole, but as a more 
clearly differentiated shape. In the following stages the object ap
pears progressively better differentiated until the image of the 
object has attained its optimal sharpness of detail. 

A most plausible inference is that the first vague general view 
can be considered as constituting the starting-point for the second 
stage. Similarly, the second stage serves as the outset of the 
third, and so on. We see that Proposition Π clearly applies to this 
process ("Aktualgenese")· 

2.3. T h e w h o l e i s m o r e t h a n t h e sum of i t s p a r t s 

The most important Gestalt law, which postulates that the 
whole is more than the sum of its parts, is also paralleled by our 
theory. Indeed, the operations that follow the lines of our theory 
are concerned ideally with all the parts of a figure. Even where 
this is not possible in practice, the information is still, in accord
ance with our theory, determined not only by operations but also 
by the sequential order of these operations. This means in fact 
that every different presentation of certain identical operations 
corresponds to a different figure. So it is that the manner in which 
operations influence each other also determines the information of 
a figure, as our theory postulates. 

2.4. S t r u c t u r i n g q u a l i t i e s of p e r c e p t i o n 

a) Morinaga (1960) made several important discoveries. In the 
case of a patient, who had been injured in the parietal lobe, he 
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discovered serious perceptual disturbance, as the following exam
ple will illustrate. If the patient was presented with the pattern: 

V ^ 
^ Δ 

he would perceive either a rectangle: 

or one of the triangles of the presented pattern. If the patient re
directed his attention to another triangle, the triangle already 
perceived disappeared from the still presented figure. If we may 
follow the hypothesis (worked on by Visser, 1967) that a patient 
with a certain cerebral damage is able to process only a very 
specific and limited amount of information compared with a normal 
person, then this phenomenon would be in agreement with our the
ory. According to our theory it will be remembered, a rectangle 
contains as many information units as a triangle, viz: /=3. A more 
interesting aspect of the phenomenon described above is that the 
two alternative impressions, the triangle or the rectangle, stand 
in a hierarchical relationship and not at an equal level in the pre
sented pattern; it is in fact a rectangle of triangles. This classifi
cation into sub- and superstructure is in our theory the result of 
the application of Proposition Π, as we have seen in Chapter I. 

On the grounds of experiments and his experience with patients 
suffering organic brain damage, Visser (1967) arrived at the 
opinion that these patients are defective not in the extent but in the 
"intensity" of their field of perception. This "intensity" corre
sponds to the amount of information that the patient can process at 
a time. If a patient is required to look at a large portion of an ob
ject, he sees only broad, general outlines. Only when such a pa
tient looks at a small detail of an object is he able to perceive it 
in the same sharp detail as a normal person would perceive a larg
er part of the object. For the same reason as withMorinaga'scase, 
this phenomenon may be explained in the light of Proposition Π. 

The possibility that a patient with a certain cerebral injury 
lacks the perceptual data that might serve as a frame of reference 
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or superstructure for other possible perceptual data, also fits into 
Proposition Π. Morinaga reports a clear instance of this. One of 
his patients with organic cerebral injury generally indicated cor
rectly the direction of "above" and "below". However, if the pa
tient reclined on his bed, he regarded objects in the direction of 
his head as above and objects in the direction of his feet as be
low. 

The interpretation of the observations discussed above may also 
apply to the phenomenon that patients with organic cerebra l injury 
often overlook the inversion of a figure: they frequently muddle 
the pat terns : 

and 

b) The manner in which objects a r e described by subjects also 
supports the hypothesis that Proposition Π applies in visual per
ception. 

The figure 

i s named "a rectangle with a zigzag contour". 
The figure 

Δ Δ 

might be described as "a square of 4 equilateral t r iangles" . 
The following phenomenon is only indirectly related to our the

ory, in part icular to Proposition Π. 
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2.5. O r d e r and p r o b a b i l i t y 

It is striking that the configuration of billiard-balls on a table 

is judged less probable than the following configuration: 

В 

This is surprising since both positionings are equally likely 
(Ruyer, 1954). The wrong judgment would be explained if it can be 
assumed that the observer bases his judgment on the type of the 
structure instead of on the actual given structure. If indeed struc
tures of the A type belonged to a smaller category than structures 
of the В type, it would be quite natural for an observer to regard 
structure A less likely than structure B. 

The offered explanation would of course only be valid if it can 
be shown that fewer A types occur than В types. If, therefore, we 
compare structure A with structure B, it will be evident that the 
regularity of the configuration in structure A is greater than in 
structure B, or in other words that structure A has a poorer in
formation content than structure B. With the help of our theory we 
can show the plausibility of the statement that the smaller the in
formation content (J), the smaller the number of figures with such 
an information content. 

As we have seen, each unit of information corresponds to one 
operation. Assume that there are К possible different operations, 
each of which, in our concept of information, corresponds to one 
unit of information. The number of patterns containing one infor
mation unit is then K; the number of different patterns containing 2 
information units is then KxK (Proposition Π); and, in short, the 
number of patterns with information / is roughly K1. A specific 
pattern with information / is then one of the КІ possible patterns. 
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Thus the smal ler the information content (/) of a figure, the 
smal ler the number of figures with such an /. 

There i s , however, yet another factor which determines the 
judged improbability, and this is the number of bil l iard-balls on 
the table. 

The position of the billiard-balls: 

/ = 1 

i s more probable than the position: 

/ = 1 

A measure which reasonably approaches the judged probability 
or the judged irregulari ty, and which takes into account both the 
s tructural information and the number of bil l iard-balls, i s given 
by the relative entropy (R): 

R 
H 

Я, 
max 

F o r a configuration comprising S billiard-balls and a s t ructural 
information I, we then have 

R 
2 log K1 

2 log K2S' 2 S - 4 

Since the information content of S points is maximal if these 5 
points a r e situated at random, the s t ructural information in this 
case equals 2S - 4 (see p. 29). An advantage of this measure is 
that in it the information ^logK (see p. 100) does not occur. Indeed 
К is a factor that is difficult to approach, even if we make К equal 
for every information processing stage: this we have done for the 
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sake of simplification, though we are not strictly justified in doing 
so. The formula given here is as yet only very provisional and will 
probably not be applicable to figures in which the metrical infor
mation is not excluded. 

We have thus attempted to show how the judgment phenomenon 
here under discussion may be described in terms of and explained 
by means of our theory. 

§ 3. Phenomena related to Proposition III 

Proposition Ш states that a perceptual system functions effi
ciently if it assimilates a configuration, which has a high frequency 
of occurrence or whose recognition is of vital importance to the 
observer — however complex it may be - as a single entity. In this 
manner a fast decoding of that configuration is attained. We shall 
not go into this in great detail since this proposition is but of sec
ondary importance to our theory and since its application in per
ception is quite obvious. 

We shall now give some examples in which objects with a high 
information content are perceptually processed as simple units or 
chunks. 

a) In the case of snow, an Eskimo would distinguish about 35 
different types, while a Dutchman may be able to discriminate 3 
types at the most. This would imply that each snow type that an 
Eskimo distinguishes has a greater information content than a 
snow type distinguished by a Dutchman. 

b) In the case of very familiar configurations an example may 
be quoted from Pritchard's findings (1960). He discovered that 
when presented in a stabilized manner the following composite 
pattern; 

was seen either as: 
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or as the pattern 

В 
с) An object that frequently occurs or that has a vital import

ance for the observer is generally indicated with one single noun. 
It might therefore be plausible to say that such an object corre
sponds to only one perceptual element. It is nevertheless possible 
to discriminate these single term objects into relatively complex 
and non-complex objects, as for example star w K/ >ƒ a nd point. 
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A L T E R N A T I V E T H E O R I E S 

In this chapter we a r e concerned with the degree to which con
clusions drawn from other theories on perceptual elements para l
lel our own conclusions. If, indeed, it were possible to conclude 
from other theories the same rank order of complexity in the fig
u r e s we have used in our experiments, then these experiments 
would support not only our theory, but also the other theories. We 
shall in this chapter attempt to demonstrate the incompleteness or 
the inapplicability of these alternative theories with respect to 
human perception. 

It was mentioned in the Introduction that Gestalt psychologists 
s t ressed the fact that the perceptual elements of a figure a r e not 
formed by its concrete par t s , but rather by an interaction between 
the parts of a figure. It appears from Chapter ΠΙ that - a s far as 
their content is concerned - the information units specified in our 
theory, a r e in general agreement with Gestalt laws. While the 
focus of attention for Gestalt psychologists is on aspects of con
tent, they do not t reat quantitative aspects of figures in such a 
manner that it allows the derivation of a measure for the s t ruc
tural information of figures that can be compared with our meas
ure . The Gestalt interpretation of visual perception must t h e r e 
fore be discarded as an alternative theory in this context. 

Similar objections - although to a lesser extent - would apply 
to the approach by Attneave (1954, 1957) also mentioned in the 
Introduction. His studies have greatly contributed towards under
standing the variables involved in judging the complexity of a 
specific type of figures (randomly constructed polygons). But 
Attneave's findings remain applicable mainly in the case of figures 
of this specific type. Fur thermore, no attempts have been made to 
apply his resul ts quantitatively with the purpose of determining the 
s tructural information of individual figures. 

Thus only the theories proposed by Oldfield (1954) and by MacKay 
(1956) remain a s suitable for the comparative approach that we in
tend in this Chapter. They will be discussed below. Moreover, we 
shall endeavour to adapt the selective information theory as de
veloped - in a non-psychological context - by Shannon and Weaver 
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in such a manner that it can be used for the determination of the 
s tructural information of figures. Besides, we shall attempt to fit 
our theoretical measure of structural information of figures into 
their information theory. 

§ 1. Oldfield 

We shall s tar t by studying the decoding technique proposed by 
Oldfield (1954). The method is a s follows. If a signal consists e.g. 
of the groups 1101, 0101, and 1011, these groups a r e each r e 
placed by symbols (chunks). The translation into symbols and the 
translated signal will then fully represent the original symbol, e.g. 

signal: 1101110101011101101101011101 
chunking: 1101 = a; 0101 = b; 1011 = с 
translat ion: aabacba 

If necessary, a translation of this kind may again be translated. 
This subsequent translation would then proceed from the result of 
a preceding translation. 

We shall now apply Oldfield's method to some patterns. In doing 
so, we shall always proceed from the angle sequences of these 
patterns. We must note, however, that Oldfield did not quantify 
his method. In order to compare his method with ours , we shall 
first discuss a straight-forward quantification * of Oldfield's ana
lysis by means of a few examples. 

On the left hand side we shall give the information units, Σι, 
following from Oldfield's procedure, while on the right the infor
mation /, according to our calculations, will be shown. 

Representation of the figure: 

aß aß aß aß aß aß aß aß 

a = aß , i = 2 . 

Substitution: aaaaaaaa 

= 8(a) , i = 1 . 

Σι = 3 . / = 3 

* This quantification broadly follows Burl Payne (1966a). 
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Representation of this figure: 

ααββααββααββααββααββααββααββααββ 

α = 2(α)2(β) , г = 4 

Substitution: αααααααα 

= 8(α) * = 1 

Σι = 5 

Representation of this figure: 

aßaßßaaßaßßaßaaßßaßa etc. 

q = сф i = 2 

y = ßa ι = 2 

Substitution: 2x [2(q)Hr)2l,q)2{r)l{q)lir)) 

i = 7 

Σ» = 11 

Representation of this figure: 

ßßaßaaßaaßßa (4x) 

p = §§a г = 3 

q = βαα i = 3 
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Substitution: p qq pp qq pp qq pp qq pp 

r =qqpp 

= 2te)2(/>) г =2 

Substitution: prrr 

= 1Шг) i = 2 

Σι = 10 /=10 

In the following graph the information values are plotted. On the 
ordinate, the Oldfield measures are given for appropriate figures 
and on the abscissa, the values (minus one unit) derived from our 
theory are given for these same figures. 
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The subtraction of one information unit follows from the oper
ation H—»H.V. ( s eep . 19). This operation is not accounted for in 
any of Oldfield's computations, and so we have disregarded it here 
for the sake of proper comparison. Points on the diagonal in the 
graph would represent an equal efficiency for both our and Old-
field's measures . It appears that all the figures a re plotted on or 
above the diagonal: it can be seen that for the group of figures as a 
whole, the Oldfield decoding technique is less efficient than ours. 

The reason for the observed difference is that in Oldfield's de
coding procedure several sources of redundancy have not been 
accounted for. These sources may be broadly summed up a s : 

(i) lawful relationships in the succession of angles, e.g. the r e l a 
tionship which appears on differentiation, as in figure e (see 
§ 2 Chapter I) and in the figures q and T; 

(ii) relationships between non-adjacent angles; this is shown up, 
in our analysis, by the "abstraction — substitution technique" 
as in figures 1 and s; 

(iii) the property of symmetry, as in figure U. 
Even in those cases where these three sources of redundancy 

cannot be found in the angle sequence, but in the se r ies formed by 
numbers of angles or in the ser ies of numbers formed by numbers 
of angles, and so on, they are dealt with in our decoding analysis. 

The most serious objections to the general applicability of 
Oldfield's procedure of information assessment a r i se from the 
phenomena falling under the principle of invariance of s t ructure 
(see p. 78). In Oldfield's procedure the distinction between sub 
and superstructure does not become manifest. 

We have computed the Oldfield information measures for those 
figures of the stabilized retinal image experiments that were suit
able for this purpose. Comparison of the rank order of these val
ues with our rank order of appearance durations revealed that 
there are 7 pairs of figures which do not agree with Oldfield's 
measure while there are 4 pairs in disagreement with our theory. 
The dotted, connecting lines refer to these deviations. 

Similarly, for a number of figures of the judged complexity 
task, the 01dfield-Z¿-values a re compared in the second graph on 
p. 92 with the scale values obtained in the experiment. 

The correlation (r) is 0.91. Though very high, this correlation 
is significantly lower {p < 0.05) than that between our information 
values and the experimentally obtained scale values for the same 
pat terns. 

The obtained difference might be enlarged at will, moreover, 
e.g. by supplementing pattern e with an arbi t rary number of e le 
ments. As appears from the following calculation, 
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Representation of the figure: 

ßaaßaßßaßaßaaßaßaßaß etc. 

p = gfi i = 2 

q = ßa i = 2 

Substitution : 1 (q)2 (p)3 (?)4 (p) 5(^)6 (/>) 

i = 6 

Σΐ = 10 /=9 

The Oldfield information Σί of this pattern e increases with the 
number of contour elements contained in it: where the pattern 
contains e.g. 90 angles, Zi would total 13 units. However, our 
judged complexity experiments would, at least in part, suggest a 
contrary effect, viz., up to a certain extent, this figure is judged 
less complex the larger the number of its elements. No doubt sim
ilar discrepancies could be shown for other figures where those 
types of redundancy play a part which are not accounted for in 
Oldfield1 s decoding technique. 

§ 2. MacKay 

An analysis not substantially different from Oldfield's technique 
is constituted by the Information Flow model by MacKay (1956). In 
this model a certain series of angles is expressed in a number of 
pre-existing elementary series, Sj, S 2 , . . . , S^ Thus the original 
series assumes the form of a new series, e.g. S4, SQ, S3, S5, Si, 
SQ, S3, etc. This series can in turn be similarly expressed by an 
elementary series such as S j , . . . ,S^ . This hierarchic mode of 
expression comes to an end when the resulting expression conveys 
no further reduction of the original, given series. 

It is impossible to calculate, according to this model, the in
formation contained in patterns if the elementary series Si,S2,. . . , 
Sn; Sj, S2, . . . ,5^, etc., are unknown. Each different group of se
ries, S i ,S2, . . . ,SW, etc., would result in a different information 
estimate. Moreover, in general the same objections would apply 
to this analysis as to Oldfield's technique. 
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§ 3. Shannon and Weaver (1949) 

These founders of the information theory quantified the concept 
information in such a way that the content of the term would not 
form a contradiction with the term in common usage. Their basic 
reasoning ran as follows. Imagine that a perceptual system is at a 
certain moment presented with a given object. If the system ex
pects nothing but this given object at that moment it would be rea
sonable to propose that the given object has not supplied any in
formation to the perceptual system. If the given object constitutes 
one of the m known possibilities of equal probability, then this 
object is not immediately obvious to the perceptual system, for it 
is not known to the system which of the m objects is to be expected 
unless it had been given additional information. The amount of in
formation or the "uncertainty" of a given datum thus increases as 
the probability (l/m) decreases, or in other words the information 
forms a monotonous, increasing function (ƒ) of m: 

Hi = f(m) . 

Let us now imagine that the same perceptual system is presented 
a moment later with a second given object (again one of the m 
possibilities *). It would then seem reasonable to say that the total 
information with which the perceptual system is presented is now 
twice as large as in the first case. Thus: 

H1+H2 = Am) + f(m) . 

However, this combination of two given objects is one of all pos
sible combinations of given objects, i.e. one of mxm possibili
ties. Thus it also applies that 

Hl + ^2 - f(mxm) . 

A monotonous, increasing function satisfying both these two for
mulas is the logarithmic function. Thus 

Я = log m . 

If the logarithmic base equals 2 then the information of uncertainty 
(#) is expressed in bits. 

The question now arises as to whether and to what extent we are 
able to use this measure in experimental psychology. Imagine that 
in a certain experimental situation the number of possibilities for 
the observer is determined by the set of patterns used in that ex
perimental situation. However, if this set is made up of only two 

* Let us suppose that this set of possibilities is of a different kind from 
those related to # ^ . 



ALTERNATIVE THEORIES 95 

patterns as would be the case if only one pair of patterns is p r e 
sented, then it would seem that every pattern presented in con
junction with another pattern would have an equal information con
tent for the observer. However, this will be valid only in as far a s 
each of the patterns plays a role as a constituent part of a group of 
patterns and if the actual s tructure intr insic in each of the patterns 
is disregarded. 

In order then to determine the internal information of a specific 
figure we can investigate which set of possibilities is induced by 
a single specific figure. To do this we shall regard a figure as a 
chain of component par t s (e.g. angles). The problem has now been 
t ransferred to the question of how the information of a sequence of 
par t s , such as angles, can be determined. With regard to this, 
various forms of information or uncertainty (H) may be distin
guished, in the case in point #(0) * i s the information of an angle 
in sequence. This information assessment is based on the proba
bility that a certain angle will occur in the se r ie s considered. In 
some cases certain sequences of paired angles (diagrams) may 
occur more frequently in the ser ies than in a random ser ies . In 
order to include these angle sequences in an information measure, 
we must investigate the probability that an angle will occur after a 
certain preceding angle. The uncertainty based on this probability 
is the information of an angle of the se r ie s if the preceding angle 
is known; similarly H(2) is the information of an angle of the se
r i e s if the two previous angles of the se r ie s a re known. H(i) is 
thus the information of an angle if it is known which se r ie s with г 
angles precedes this angle. In all this we a r e presuming that the 
statist ical propert ies of the ser ies with i angles a r e known to the 
observer. 

It can be understood that for a certain pattern the mean H(i) 
remains constant or becomes smal ler, the larger г becomes. 
Clearly, the longer the se r ie s of angles known, the greater will be 
the probability of correctly predicting the subsequent angle, and 
the smal ler will be the average information or uncertainty of this 
angle. The problem now lies in how a measure for complexity may 
be constructed, on the basis of these sequential information val
ues. The information measure, H{i) x the number of angles might 
perhaps be practicable if there were any good reason for p r e 
ferring one certain г above another. This would not yet be an ob
jection if it did not make much difference which value of i is cho
sen. Thus it appears , according to this measure, that for the fig
u r e where i = 6, 

* For the following symbols and calculations see Attneave (1959). 
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the information is equal to 0, in contrast to that of the figure: 

This will become evident if we examine the relationship between 
H(i) and i for both figures. For the first figure 

m 

For the second figure 

H(i) 

A 
This measure, therefore, cannot be used. 

However, the above does give us grounds to examine whether 
the area under the H (г) curve can be used as an information meas
ure. To this area corresponds roughly 
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Σ Я(г) . 
г=1 

К we apply this measure to figures with the same, large, number 
of angles then we shall have: 

=0 

Σ H{i) = Я(» gram) * , 
i=l 

where for », # ( » ) = 0 is always valid. Let w be the number of an
gles of a subpattern. It is now easily deduced that for such а и·, 
Я(и>) = 0. We find that every ser ies of angles with w angles (и· gram) 
occurs equally often in the original s e r i e s of angles. In this case 
we have 

H(u' gram) = ̂ 2 ^ . 
And so 

H(i) = log2M' . 
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The correlation r between this measure and the scale values 
obtained from our judged complexity test is 0.76. This is signifi
cantly lower (ƒ> < 0.01) than that found when testing our theory 
(r = 0.97) and also significantly smaller {p < 0.01) than that of Old-
field's coding technique (r = 0.91). From the preceding graph it is 
clear that this measure is also less in agreement with the results 
of the stabilized retinal image experiments. The dotted connecting 
lines indicate thesediscongruencies. In the case of the logw.' meas
ure there are t times as many of these as in the case of our meas
ure. 

We can easily find examples in which the impracticability of 
this low w measure is still more clearly illustrated, as for exam
ple in the figures: 

ψ^ 
These figures would, according to this measure, be equally poor in 
information content. This obviously cannot be the case; the meas
ure is thus unusable. 

A quantity which has connections with the measures discussed 
above is constituted by the "order of redundancy", i.e. the small
est number of angles + 1 for which the knowledge of these angles 
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implies some or total knowledge of the subsequent angle; or in 
other words, the number of the angles in the smallest series of 
angles of which some series are more probable than others. How
ever, according to this measure, the last figure given would pos
sess as much information as the figure directly preceding it. 

A variation on the quantity discussed above is formed by the 
maximal order of redundancy, i.e. the number of angles + 2 of the 
longest series of angles; knowledge of this does not imply com
plete knowledge of the angle following on this series. This meas
ure also gives absurd results. According to it the last figure given 
would be less complex than the figure preceding it. 

Further examples are not hard to find to illustrate the fact that 
these measures are unusable. 

In the complexity measures described above, the information 
is taken as being dependent on the knowledge of the preceding ele
ments (in our examples, angles); in this way the interactions are 
catered for the calculations. However, it is important to realize 
clearly that only a very specific interaction is included in these 
calculations. There are more relationships bringing about redun
dancy within a figure and these are not accounted for in the com
plexity measures referred to above. Some of these are symmetry, 
regularities in the sequence of angles or the relationship between 
the sizes of the separated angles. By means of the coefficient of 
constraint (Dn), this latter relationship may be determined (Gerst-
man and Newman). The discussed methods of information deter
mination have generally been based merely on the frequencies with 
which certain angle sequences occur in a series of angles; they 
have not been comprehensive. This is ultimately the explanation 
for the inadequacy of these methods. 

What, then, is the relationship of the information theory of 
Shannon and Weaver to our procedure of ascertaining the infor
mation of a figure? The information in bits of a certain given ob
ject is equal to the ^log m where m indicates the number of equal 
possibilities: 

Я = ^log m . 

This value corresponds to the minimum number of questions 
that are necessary in order to learn from the respective answers 
the identity of the given object. This minimum is attained only if 
each question builds upon the answer to the preceding question. 
Thus, the information theory of Shannon and Weaver resembles 
our approach in that it too possesses the qualities of proposition 
П. It is thus possible to view our information assessment proce
dure in such a manner that it can be reduced to that of Shannon and 
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Weaver, as follows. Suppose that К different, equally probable 
operations are possible, each of which, according to our concept 
of information, corresponds to one unit of information. The num
ber of patterns possessing one information unit is then K; the 
number of patterns with 2 information units is KxK; in brief, of 
the patterns with information * /there exist roughly K^. A specific 
pattern with information / is thus one of the K^ possible alternative 
patterns. Thus we have: 

Я = 2log K1 = 12log К . 

We note that the Shannon and Weaver expression gives a prod
uct of the two information types that MacKay (1950) distinguished, 
viz. structural information (/) and metrical information (2log K). 
That these two appear in product form is understandable if one 
considers that the structural information represents the number 
of dimensions while the metrical information represents the num
ber of categories per dimension. 

If we were to replace the logarithmic base 2 by the logarithmic 
base К then it would even be possible to state that H = I. In our 
approach, the information of a figure is determined by linked 
choices from the same set of К operations. It is merely the per
mutation of operations that characterizes a figure. The actual set 
of operations does not change, and therefore the members of the 
set may occur very frequently. Where this is the case, the encod
ing of these operations may be considered efficient if it accords 
with proposition ПІ. In other words it is efficient if each operation 
corresponds to not more than one perceptual element, in spite of 
the fact that each operation, according to the Shannon measure, 
contains more than one bit, viz., ^logK bits. 

However, we cannot say that this is also true for human per
ception; to what extent it does apply will still have to be investi
gated. 

The Shannon and Weaver information assessment is applicable 
only in cases where in an experimental situation certain figures 
occur with such a frequency that it is more efficient (proposition 
Ш) for an observer to apprehend each figure in as far as it differs 
from the other given figures, rather than as one of the K^ alterna
tives (K* is a very large number). Situations of this kind occur in 
experiments with letters. The frequency of presentation of unfa
miliar figures needs to be extremely high if the set of given fig
ures is to determine the perception of one of these figures, as 
appears from the experiments done by Gottschaldt (1929). It was 

* From now on we shall res t r ic t the use of Я for the Shannon and Weaver 
information and I for the information in the sense developed in our study. 
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only after 502 presentations of a certain figure had been given that 
one of the 40 subjects referred to it when describing another fig
ure in which it was hidden (see p. 73). 

We have not developed an entirely new information theory: with 
respect to the information theory of Shannon and Weaver we have 
only exposed the structural categories that may fill out the frame
work of their theory and give it a meaningful application. 

A subordinate point of difference lies in the concept of the in
formation assimilation process of the metrical aspects of a figure. 
In our view these are processed in the form of chunks, while ac
cording to Shannon and Weaver, these metrical aspects, or in 
other words non-dimensional quantitative values, of figures are 
transmitted step by step (^log K). 

Conclusion 

When testing the feasibility of the theories discussed above for 
a decoding model of human visual perception, we found that the 
alternative theories offered either insufficient possibilities for 
such a model or compared unfavourably with the theory that we 
developed. 
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S U M M A R Y 

This study is concerned with the manner in which man - as a 
perceptual system - analyses visual patterns. The analysis of the 
s tructure of pat terns is made in t e rms of those pattern aspects 
that a re assimilated independently of each other by the observer. 
These aspects of the structure determine the s tructural informa
tion. Following MacKay, structural information is defined as the 
number and the nature of the independent dimensions necessary 
for the representation of an object. The concept of s tructural in
formation is thus distinguished from the concept of metr ical in
formation which re la tes to the number of categories per structural 
information unit used by the perceptual system. The latter met r i 
cal information measure , which can be determined by means of the 
selective information theory, as introduced by Shannon and Weaver 
is not explicitly dealt with in this study. 

In Chapter I the s tructural information of figures is deduced 
theoretically. The assumption is made that the human perceptual 
system necessari ly functions as an efficient system. The charac
ter i s t ics of a hypothetic efficient perceptual system a re formulated 
in three propositions which, respectively, refer to 
1) the independence and indivisibility of the aspects assimilated as 

information units; 
2) the hierarchy which applies when information units a re succes

sively assimilated; 
3) deviating forms of information processing in the case of f re

quently occurring or vitally important objects. 
In the application of these propositions to determine the s t ruc

tural information of concrete figures a base axis is assumed, hav
ing a specific direction. The ser ies of values formed by the d i s 
tances from the successive points of the figure to this base axis 
represents the figure completely. The amount of information of a 
figure is defined to be the minimum number of permissable opera
tions that must be applied successively in order to deprive the 
given se r ies of its information, i.e. to reduce it to 0. In the theo
ry, we have developed, each of these operations corresponds to 
one information unit. The first operation is performed on the given 
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series, the second on the series that results from the first opera
tion, the third on the result of the second operation, and so on. 
This hierarchy of operations is made possible in particular by 
application of the abstraction-operation-substitution technique. 
This technique implies that from any series of values a certain 
series is temporarily abstracted in order to deprive it of informa
tion, after which it is replaced into the original series, now in its 
transformed appearance. A series which is to be abstracted in 
this way may be composed of a series of adjacent values, of a 
series of non-adjacent values, or of a series expressing quantita
tive properties of these values. 

The nature of the permissable operations is determined by the 
first proposition: the operations must be chosen in such a manner 
that they have a minimal content (indivisibility) and that they do not 
mutually overlap (independence). Consequently it is deduced that 
an operation is more efficient the greater the number of values it 
covers in the series under consideration. To a high degree this 
quality is possessed by differentiation operations and by order 
operations in particular. Other operations permitted by the first 
proposition are "reduction operations" and ''observations". 

The deduction of a rule concerning the relation between sub
structures and superstructures opens the possibility of applying 
our procedure also when determining the structural information of 
"non-continuous figures". 

In Chapter II the theoretically deduced measures of structural 
information are tested in a number of experiments. In a first ex
periment 24 continuous figures were presented for judgment of 
their complexity; a correlation of 0.97 was found between the judg
ments and the theoretical information measure. In a second ex
periment, where 25 dot figures were presented, a correlation 
coefficient of 0.83 was obtained. In a third experiment 15 figures 
were presented for reproduction after tachistoscopic viewing; a 
correlation of 0.97 was found between the number of tachistoscopic 
presentations required for correct reproduction and the theoretical 
information measure. In a fourth experiment 16 figures of differ
ing kinds were presented for spontaneous fixation; a correlation of 
0.83 was found between the spontaneous fixation time and the theo
retical measure of information. Lastly, in a fifth experiment, 
where use was made of stabilized retinal images, an increase in 
complexity was observed to vary with an increasing duration of 
appearance. 

Deviations between the observed data and the theoretical infor
mation measure are ascribed to factors associated with the limi
tations of the perceptual system, attention, size of the figure, and 
the specific nature of each of the information units. 
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In Chapter Ш an attempt is made to support our theory by in
terpreting some important perceptual phenomena - such as are 
contained in Gestalt laws — within the framework provided by our 
theory. 

In Chapter IV alternative theories are discussed. As to Gestalt 
psychology, a comparison has to be abandoned because this theory 
primarily concentrates on qualitative aspects of perception, 
whereas our approach has as yet only been tested quantitatively. 
A comparison of our approach with that by Attneave would be to 
little purpose seeing he identified the sources of variance involved 
in the judgment of complexity only in the case of randomly con
structed figures. The general principles of coding formulated by 
Attneave have, moreover, not been given a place in a model in 
which this complexity is quantified in such a manner that it would 
provide a measure suitable for comparison with our information 
measure. 

Only the theories proposed by Oldfield and MacKay allow such 
comparison. The extent to which deductions from Oldfield's theory 
agree with our experimentally obtained data is investigated. This 
comparison concerns the experiments using stabilized retinal im
ages and judged complexity of continuous figures respectively. In 
both experiments it appears that the information measure derived 
from Oldfield can indeed predict our experimental data; however, 
in both cases it does so less well than our theory. Besides this 
comparison with respect to its predictive value, Oldfield's ap
proach is also considered with respect to its content. It appears 
that his theory - in contrast to ours - does not allow sufficiently 
for relationships between adjacent angles, relationships between 
remote angles, and symmetry. These are, indeed, the objections 
which also apply against the approach by MacKay. 

Finally, an investigation is made into the possibility of deriving 
suitable measures for determining the structural information from 
selective information theory formulated by Shannon and Weaver. 
This generally appears to be impossible. It is only for one of these 
measures that a comparison of this theory with our experimental 
data offers a favourable perspective. As in the case of Oldfield's 
theory, so the measure derived from Shannon and Weaver offers a 
less good prediction of the data from the two experiments than 
does our theory. Inversely, an attempt to express our theoretical 
information measure in the general terms of selective information 
theory appears to be promising. 



SAMENVATTING 

Deze studie heeft betrekking op de wijze waarop de mens — als 
perceptueel systeem — visuele patronen ontleedt. Het betreft de 
analyse van de structuur van patronen in termen van die aspecten 
van de patronen, die onafhankelijk van elkaar door de waarnemer 
worden opgenomen. Deze structuur-aspecten bepalen de structu
rele informatie. In aansluiting op MacKay wordt onder structurele 
informatie verstaan het aantal en de aard van de onafhankelijke 
dimensies die voor het weergeven van een object benodigd zijn. 
Hiermee is het begrip structurele informatie onderscheiden van 
het begrip metrische informatie, dat betrekking heeft op het aantal 
categorieën, dat bij deze weergave per structurele informatie-
eenheid door het waarnemend systeem gehanteerd wordt. Deze 
laatste maat die met behulp van de selectieve informatietheorie 
(Shannon and Weaver) bepaald kan worden is in deze studie niet 
expliciet aan de orde. 

In Hoofdstuk I wordt de structurele informatie van figuren theo
retisch afgeleid. Daarbij wordt uitgegaan van de vooronderstelling 
dat het menselijk waarnemend systeem als een efficiënt werkend 
systeem moet worden opgevat. De kenmerken van een hypothetisch 
efficiënt waarnemend systeem worden in een drietal proposities 
vastgelegd. Deze proposities hebben respectievelijk betrekking op: 
1) de onafhankelijkheid en de ondeelbaarheid van de aspecten die 

als informatie-eenheden worden opgenomen; 
2) de hiërarchie die van toepassing is bij het successief opnemen 

van de informatie-eenheden; 
3) afwijkende vormen van informatie-verwerking bij frequent voor

komende of vitaal belangrijke objecten. 
Bij de toepassing van deze proposities ter bepaling van de 

structurele informatie van concrete figuren wordt uitgegaan van 
een basis-as met een bepaalde richting. De reeks van waarden die 
wordt gevormd door de afstanden van de successieve punten van 
een figuur t.o.v. deze basis-as representeert die figuur volledig. 

De hoeveelheid informatie van een figuur wordt gelijk gesteld 
aan het minimale aantal toegestane operaties, dat successief toe
gepast moet worden om de gegeven reeks informatieloos te maken, 
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d.w.z. te reduceren tot 0. In de door ons ontworpen theorie be
antwoordt elk van deze operaties aan één informatie-eenheid. De 
eerste operatie wordt uitgevoerd op de gegeven reeks, de tweede 
op de reeks die het resultaat vormt van de eerste operatie, de 
derde op het resultaat van de tweede operatie, etc. Deze hiërar
chie van operaties wordt in het bijzonder mogelijk gemaakt door 
toepassing van de abstractie-operatie-substitutie techniek. Deze 
techniek houdt in, dat uit elke reeks van waarden een bepaalde 
reeks voorlopig wordt geabstraheerd, om deze vervolgens aan een 
zodanige bewerking te onderwerpen dat hij informatieloos wordt, 
waarna deze in getransformeerde vorm in de oorspronkelijke 
reeks teruggeplaatst wordt. 

Een te abstraheren reeks kan daarbij bestaan uit een reeks van 
aaneengesloten waarden, uit een reeks van niet-aaneengesloten 
waarden, ofwel uit een reeks die betrekking heeft op kwantitatieve 
eigenschappen van deze waarden. 

De aard van de toegestane operaties wordt door de eerste pro
positie bepaald: zij moeten zodanig gekozen worden dat ze een mi
nimale inhoud bezitten (ondeelbaarheid) en niet met elkaar over
eenkomen (onafhankelijkheid). Hieruit wordt afgeleid dat een ope
ratie efficiënter is, naarmate deze op meer waarden van de uit
gangsreeks van toepassing is. 

Operaties die deze eigenschap in sterke mate bezitten zijn met 
name differentiatiebewerkingen en volgorde-bewerkingen. Tot de 
volgens de eerste propositie toegestane operaties behoren tenslotte 
"reductie-bewerkingen" en "constateringen". 

Door de afleiding van een regel betreffende de relatie tussen 
substructuren en superstructuren wordt het mogelijk met behulp 
van de ontwikkelde procedure ook de structurele informatie te be
palen van niet-aaneengesloten figuren. 

In Hoofdstuk II worden de theoretisch afgeleide structurele in
formatiematen getoetst in een aantal waarnemingsexperimenten. In 
een eerste experiment waarin 24 aaneengesloten figuren werden 
aangeboden werd een correlatie van 0.97 gevonden tussen het oor
deel over de complexiteit van deze figuren en de theoretisch afge
leide informatiemaat. In een tweede experiment waarin 25 punt-
figuren werden aangeboden bedroeg deze correlatie 0.83. In een 
derde experiment werd voor 15 figuren een correlatie van 0.97 be
rekend tussen het benodigde aantal tachistoscopische presentaties 
voor een correcte reproductie en de theoretische informatiemaat. 
In een vierde experiment werd bij 16 uiteenlopende figuren een 
correlatie van 0.83 gevonden tussen de spontane fixatietijd en de 
theoretische informatiemaat. Tenslotte werd in een vijfde experi
ment, dat werd uitgevoerd met behulp van gestabiliseerde net-
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vliesbeeiden, bij een toenemende complexiteit een toenemende tijd 
van zichtbaarheid geconstateerd. 

Afwijkingen tussen de geobserveerde data en de theoretische 
informatiemaat werden т .п. toegeschreven aan factoren die sa
menhangen met de beperktheid van het waarnemend systeem, de 
aandacht, de omvang van de figuur, en de specifieke aard van elk 
der informatie-eenheden. 

In Hoofdstuk ΠΙ werd gepoogd de door ons ontwikkelde theorie 
te ondersteunen door belangrijke waarnemingsverschijnselen - zo
als die b.v. zijn vastgelegd in de gestaltewetten - te interpreteren 
in dit theoretisch kader. 

In Hoofdstuk IV werden alternatieve theorieën besproken. Ten 
aanzien van de Gestaltpsychologie moest van een vergelijking wor
den afgezien, omdat deze theorie zich vooral richt op kwalitatieve 
aspecten van de waarneming, terwijl onze benadering vooralsnog 
slechts in kwantitatief opzicht getoetst is. Een vergelijking van on
ze benadering met die van Attneave zou weinig zinvol zijn aange
zien hij alleen van random figuren variantie-bronnen bij het be
oordelen van de complexiteit van deze figuren aangegeven heeft. 
De door hem geformuleerde algemene ordeningsprincipes zijn niet 
in een model opgenomen waarin deze complexiteit zodanig gekwan
tificeerd wordt dat zij een maat vormt die te vergelijken is met de 
onze. 

Slechts de theorieën van Oldfield en MacKay laten de genoemde 
vergelijkingen toe. Nagegaan werd in hoeverre de afleidingen uit 
de theorie van Oldfield overeenstemmen met onze experimenteel 
verkregen gegevens. Deze vergelijking had betrekking op het ex
periment met behulp van gestabiliseerde netvliesbeelden en het 
experiment waarin de complexiteit van aaneengesloten figuren 
werd beoordeeld. In beide experimenten bleek dat de afgeleide 
informatiemaat van Oldfield onze experimentele data weliswaar 
goed prediceerde; echter in beide gevallen minder goed dan onze 
theorie. Naast dit verschil in predictieve waarde werd de benade
ring van Oldfield eveneens inhoudelijk met onze benadering verge
leken. Daarbij bleek dat Oldfield, in tegenstelling tot onze theorie, 
bij de analyse van figuren onvoldoende rekening houdt met: rela
ties tussen opeenvolgende hoeken, relaties tussen van elkaar ver
wijderde hoeken, en symmetrie. Het zijn met name ook deze be
zwaren die gelden tegen de benadering van MacKay. 

Tenslotte werd nagegaan in hoeverre de selectieve informatie
theorie (Shannon en Weaver) geschikte maten kan opleveren voor 
de bepaling van de structurele informatie. Over het algemeen 
bleek dit niet mogelijk. Slechts ten aanzien van één van deze ma
ten bood een vergelijking van deze met onze experimentele data 
een gunstig perspectief. Evenals bij de vergelijking met de theorie 
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van Oldfield leidde deze aan Shannon en Weaver ontleende maat, 
voor wat betreft de twee genoemde experimenten, tot een slechtere 
predictie dan onze theorie. Omgekeerd bleek het wel mogelijk onze 
theoretische informatiemaat uit te drukken in de algemene termen 
van de selectieve informatietheorie. 



S T E L L I N G E N 

1. Herkenningsproeven zijn voor het toetsen van een structurele 
informatietheorie vrijwel onbruikbaar. 

2. E r zijn voldoende aanwijzingen dat de perceptie van de tijd voor 
wat betreft de aspecten richting en duur op het informatie
opslagproces steunt. 

3. Vooral bij het bepalen van psychologische afstandsmaten tussen 
concepten is het aan te bevelen deze concepten niet op te vatten 
als combinaties maar a ls permutaties van attributen. 

4. Het uiteindelijk cr i ter ium dat de beleving van respectievelijk 
dromen en waken onderscheidt, moet gezocht worden in de 
voorspelbaarheid van de in de beleving plaatsvindende gebeur
tenissen. 

5. In het perceptieproces kan men een fase onderscheiden, die aan 
de betekenis-verlening voorafgaat en die niet van cultuur tot 
cultuur verschilt . 

6. De ontwikkeling van de didaktiek in ons land vereis t een nau
were samenwerking met leerpsychologen dan tot nu toe het ge
val is . 

7. Het hanteren van propedeutische examens als selectiemiddel 
voor voortgezet wetenschappelijk onderwijs, maakt voortduren
de controle op de predicerende waarde van deze examens nood
zakelijk. 

8. In verband met de toenemende ingewikkeldheid m.b.t. sociale 
voorzieningen voor studenten, de inrichting van het wetenschap
pelijk onderwijs en de toekomstmogelijkheden na beëindiging 
der studie, verdient het aanbeveling aan iedere instelling voor 
wetenschappelijk onderwijs één centrum in te richten voor on
derzoek op deze te r re inen en het verstrekken van informatie 
aan belanghebbenden. 

9. Massale demonstrat ies als middel ter bereiking van een politiek 
doel, waarvan de verwezenlijking buiten het directe machts
bereik van het betreffende land ligt, dienen in het huidige tijd
perk van een overwegende polycentrische machtsstructuur als 
een inefficiënt middel te worden beschouwd, dat slechts leidt tot 
ideologisering en radicalisering op het vlak der buitenlandse 
politiek. 

Nijmegen, 8 december 1967 E. L. J. Leeuwenberg 








