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IHTKODUCTION

Herman Hudwig Ferdinand von Helmholtz (1821-1894) 
was one of the scientific geniuses of the nineteenth cen- 
tury» He was extremely versatile 3 and made important com- 
trihutions to the fields of physiology5 physics 9 psychology5 
and mathematicso Perhaps the most outstanding character
istic of Helmholtz was his talent for "bringing his vast 
learning to hear upon a single subject9 as he did in his 
studies of hearing and vision*.

The purpose of this paper is to investigate 8 from 
a philosophic standpoint» Helmholtz® general theory of 
perception* I shall attempt to analyze and evaluate his 
theory in relation to the problems which the theory tried 
to solve j and shall undertake to show that this investiga
tion concerns both the philosophy and the psychology of 
todays in that it relates closely to current controversies 
in these fields* The controversies have to do with the 
sort of problems that can or cannot be solved by scientific 
theories of perception3 and the role of logic and mathe
matics in the formulation of psychological relationships 
as expressed in such theories*

The historical importance of Helmholtz” theory of 
perception is very great* First of all* the theory has
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had considerable influence on later scholars $ both 
directly and indirectlyo Ernst Machs Ernst Cassirer^ and 
Bertrand Russell are representative of philosophers many 
of whose ideas derive from Helmholtza while the names of 
psychologists who are in one way or another indebted to 
Eelmholtz would probably cover several pages» And even 
more important is the unique position of Helmholtz in 
history as a symptomatic representative of two conflict
ing traditions in philosophy and psychologys that of 
British Empiricism and that of German Kantianisms* She 
influence of the first tradition was transmitted chiefly 
through the writings of John Stuart Mill; the second was 
transmitted to him in various ways, but perhaps most im
portantly by way of his teacher$ Johannes Mueller.?

Although we shall not attempt to decide which of 
these traditions most strongly influenced Helmholtz $ nor 
to determine in detail which of the two traditions most 
influenced the different aspects of his theory of percep
tion => we shall find it illuminating9 in cases where there 
seemsoto be a conflict of ideas in his theory9 to ascer
tain the extent to which the conflict is due to the in- 
compatability of the two traditions $ as reflected in those 
ideas» Also3 we shall sometimes find it useful to compare 
Helmholtz8 ideas with those of recent scholars8 simply to 
illustrate the similarities and differences having



significance for



G E L m m  i

HELMHOLTZ8 PROBLEM

Why did Helmholtz think a theory of perception was 
needed? In the first place9 we should note that although 
Helmholtz did sponsor a general theory of perception$ he 
did not ever formulate that theory in any thoroughly sys
tematic fashion9 and it is doubtful whether he ever for
mulated carefully the problem to which it was directed*
His failure to do these things certainly does not count 
in favor of his theory9 and the extent to which it is 
damaging to his theory is a matter to be revealed through
out the course of discussion in this present paper* What 
constitutes careful and systematic formulation is$ of 
course3 itself a debatable issue*

Most of what Helmholtz says about the problem of 
perception suggests that he thinks the problem is almost 
identical with that of space-perceptiom* The evidence 
indicates that Helmholtz believess in other wordss that 
so far as perception presents a scientific problem, it 
may be defined as an experience of objects as spatially 
related and according to which objects are correctly 
identified with respect to their spatial relationships;

. .  4



so that an explanation sufficient to account for percep
tion would be one sufficient to account for veridical ex
periences of things as spatially relateds and conversely* 
For example9 Helmholtz states the following by way of in
troduction to one of his better-known discussions of per
ception 3 viz* 5 a chapter entitled "Concerning the Percep
tions in Generalj" which occurs in the third volume of 
the famous treatise on

The sensations aroused by light in the nervous 
mechanism of vision enable us to form conceptions 
as to the existence9 form and position of external 
objects* These ideas are called visual perceptions*
Q O p P O P P P P P O P  P O O P  0 0.0 P O O Q O P P

In this part of the subject = » * we shall have to 
investigate the special properties of retinal images«, 
muscular sensationsf etc* ? that are concerned in the 
perception of a definite position of the observed 
object9 not only as to its direction but as to its 
distance; how the perception of the form of a body 
of three dimensions depends on certain peculiarities 
of the images j and under what circumstances it will 
appear single or double as seen by both eyes3 etc* 1

Of further significance in the attempt to clarify 
the way in which Helmholtz conceived his problem is the 
fact that he called his theory "the Empirical Theory" (die 
emniristisohe Theorie)» to emphasize its opposition to what 
he called "the Hativist Theory" (die nativistische Theorie * 
sometimes translated also as "the intuition Theory" or the 
like)* In discussing the issue between his theory and the

*1 Hermann von Helmholtz, Treatise on Physiological 
trans* James PoC* Southall (Hew York: Dover Pub-



Eatflvist Theory3 Helmholtz states that s to the question
"What produces the notion of separation in space?" s

some physiologists 9 following the lead of Johannes 
Muellers would answer that the retina or skin9 
"being itself an organ which is extended in space 3 
receives impressions which carry with them this 
quality of extension in space; that this concep
tion of locality is innate; and that impressions 
derived from external objects are transmitted of 
themselves to corresponding local positions in 
the image produced in the sensitive organ* We 
may describe this as the Innate or Intuitive 
Theory * * * »2

In another places Helmholtz contrasts his theory with the 
view that "it is necessary to assume a system of innate

$apperceptions that are not based on experience
%with respect to space relations*” (My italics*)

We conclude3 then3 that spatial relationships are 
essential to Helmholtz1 implicit definition of variables 
of perception9 insofar as perception poses the problem for 
which Helmholtz endeavored to provide a scientific explana
tion with his theory* That spatial relationships would not 
be sufficient to delimit variables of perception goes with
out saying 9 since Helmholtz certainly believed that other 
things are spatially related without being connected in 
any way with perception* Unquestionably he meant psycho
logical spatial relationships instead of physical spatial 
relationshipss but it should be noted that in order to be

^Hermann von Helmholtz, Popular Scientific lectures 
(Hew York: Dover Publications, Inc<9  ^ V *  9  .

^Treatise on Physiological Optics0 III, 10



incorporated into a scientific theory9 the notion of the 
psychological as opposed to the non-psychological stands 
in need of precise formulation just as much as does the 
notion of the perceptual as opposed to the non-perceptual; 
the mere presupposition of such a distinction on a common- 
sense level is not adequate for scientific purposes0

In spite of its scientific ambiguity9 however, we 
must be content at this point to say simply that Helm
holtz* conception of perceptual variables amounts in part 
to one of spatial as opposed to non-spatial variables, and 
in part to one of psychological as opposed to physical 
variableso In succeeding chapters we shall look more 
closely at these concepts, considering first what it is 
that Helmholtz thinks might be non-spatialo Further 
clarification of Helmholtz8 problem cannot be attempted, 
however, unless at the same time we examine Helmholtz8 
theory itself„ Even so, our task becomes more and more 
difficult, chiefly because Helmholtz used various terms 
either inconsistently or in ways that allow for a wide 
range of interpretations0 Nor does the fact that Helm
holtz8 original work was written in German help matters* 
These difficulties are pointed out by the translator of 
Helmholtz8 treatise on physiological optics, where the 
translator states, in a footnote to his translation of 
certain terms and their definitions, that he is



dissatisfied with the translation hut believes "it is 
doubtful whether the author himself is scrupulously care
ful o o O to distinguish these shades of meaning always 

4exactly0"
For the present ? let us begin by stating Helmholtz 

problem in preliminary fashion, as that of -providing a

variables to be explained are variables standing in psycho
logical spatial relationships to one another in such a way 
.as W  be veridically "correlated" with variables standing

until we have examined Helmholtz* entire theory will it be 
possible even to begin to understand why Helmholtz con
ceived of his problem in this way, and why he did not, for 
instance, conceive of perceptual variables as variables 
psychologically temporally related to one another also, 
rather than merely psychologically spatially related*

In examining Helmholtz* theory and comparing it 
with other theories of perception, particularly theories 
of spaee-perception, we might do well to remember the ad
monition of JV von Kries in the appendix to the English 
translation of the Physiological Optics

that while we are right in thinking of the whole 
theory of the perception of space as connected

4Ibido <, p0 lie



with a series of philosophers whose theories should 
he considered as successive phases of a continuous 
development? it would he a thorough mistake to re
gard these theories as successive attempts to solve 
one and the same prohlem05

We must also emphasize that5 just as we found it 
necessary to give only a provisional formulation of Helm
holtz * problem, so we must begin with a merely provisional 
and somewhat superficial account of his theory, particular
ly since that is virtually the same form in which it was 
ever stated by Helmholtz himself0 From a first brief 
presentation, we shall go on and try to develop the theory 
in as much detail as is necessary to determine exactly what 
Helmholtz meant or3/when this is impossible, to discover at. 
what point or in what respects Helmholtz' own ideas are 
essentially muddled0

^Ibido, p0 641o



CHAEPER II

SMSATIGHS

One must give careful consideration to Helmholtz * 
own statement that3 "the fundamental thesis of the empi
rical theory is: The sensations of the senses are tokens
for our consciousness a it heing left to our intelligence

6to learn how to comprehend their meaningo"
The statement informs us that sensationss whatever 

else they might he9 are.tokens— -signs that possess meaning 
or referenceo Two items of importance at the level of ex=» 
planation in Helmholtz6 theory9 then3 are first8 sensory 
variabless and second; referential relations* In this 
chapter, emphasis will be placed upon the first item, 
although it will prove increasingly difficult to discuss 
sensory variables without discussing their referential re
lationships also* We shall discover, moreover, that this 
difficulty is not insignificant for coming to understand 
Helmholtz6 theory better*

In what sense are sensory variables distinct from 
perceptual variables, i*e*, are they distinct perceptually, 
psychologically, physically, spatially, temporally, or in

6Ibid*. p* 5 3 3o 10
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some other way? Does their possible relationship of 
reference have any bearing upon the distinction? Let us 
inspect the following as a clue to the way Helmholtz might 
answer these questions:

The attention may be diverted from sensations3 
particularly if they are feeble and habitual; but 
in noting those relations in the external world* that are associated with these sensations* we are 
obliged to observe the sensations themselveso 
Thus we may be unmindful of the temperature- 
sensation of our skin when it is not very keen* 
or of the contact-sensations produced by our 
clothing $ as long as we are occupied with entirely 
different matters* But just as soon as we stop to 
think whether it is warm or cold, we are not in the 
position to convert the feeling of warmth into that 
of coldness * * * *

On the other hand* it may also be that we are 
not in the position to isolate an impression of 
sensation* because * * * the sensation in question 
has been perceived and used by the consciousness*7

Here we find Helmholtz making what could be in
terpreted in several ways as rather paradoxical statements 
about sensations* For one thing* Helmholtz states that on 
occasion "we are obliged to observe" sensations* but that 
on other occasions "we are not in the position to isolate 
an impression of" them* because they have already been 
"perceived*" If we interpret "observe*" "isolate an im
pression of*" and "perceive" to mean the same thing* 
Helmholtz' statement amounts to saying that we are some
times obliged to perceive sensations* but are at other

7Ibid* * p* 1 5*
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times not in the position to perceive them because they 
have already been perceivedo Taking for granted that 
Helmholtz did not necessarily intend that all these ex
pressions be interpreted to mean the same thing3 we may 
still find it difficult to make out their meaning so as 
to be consistent with what Helmholtz has said previously 
about sensations and perceptions0

If we follow the questionable course of accepting 
the English translation at face value9 we must interpret 
"to observe" and "to perceive" sensations to mean the same 
sort of thing as "to observe" and "to perceive" spatial 
objects % but this would make the distinction between sen
sory and perceptual variables into a perceptual distinc
tion 9 ioOe, a distinction that would require that the 
hypothetical subject already be able to do whatever it is 
that he must do in order to distinguish spatial objects» 
This procedure is clearly inadmissibles since it is pre
cisely the ability to do this sort of thing that Helmholtz 
wants to explain by his theory9 and he surely does not mean 
to presuppose this ability in his explanation^ In other 
words9 if the distinction is perceptual9 it is not a dis
tinction 9 and a contradiction resuits«

Whether it is due to Helmholtz or merely the result 
of faulty translation8 then8 we must reject the implication 
of the statements quoted above that the distinction between



13
sensory and perceptual variables is a perceptual distinc
tion* Stills the implication of the passage seems to be 
that the distinction is at least a psychological one— a 
distinction? that is, of which the hypothetical subject as 
well as the theorist is aware, and not one made merely in 
the theorist's mind according to conceptual abstraction*
$he notions of "observing” and "perceiving" sensations as 
described above can hardly be interpreted as physical or 
physiological events, for example, even with allowance 
being made for the inadequacies of translation*

However, what would such a psychological discrimi
nation involve? If psychological spatial relationships are 
the mark of perceptual variables, could sensory variables 
possess such relationships? And if the theoretical condi
tion for the occurrence of perception is the occurrence of 
sensations in referential relationships, would not this 
preclude the possibility that they could be distinguished 
psychologically while yet standing in such referential re
lationships? Helmholtz does indicate that sensations may 
be psychologically distinguished for what they are as 
variables without psychological spatial relationships, and 
that such distinction involves detaching sensations from 
their referential relationships:

Whatever * * •* can be overcome by factors of 
experience, we must consider as being itself the 
product of experience and training* By observing 
this rule, we shall find that it is merely the



14-
Qualities of the sensation that are to he considered as real pure sensation „ „ 0 <>8 (Hy 
italics*)

By way of illustration9 Helmholtz points out that
it is a familiar experience that the colors of 
a landscape come put much more brilliantly and 
definitely by looking at them with the head on 
one side or upside down than they do when the 
head is in the ordinary upright position* In 
the usual mode of observation all we try to do 
is to judge correctly the objects as such * * * *
But the instant we take an unusual position$ 
and look at the landscape with the head under 
one arm, let us say, or between the legs, it all 
appears like a flat picture * * * « At the same 
time the colors lose their associations also 
with near or far objects9 and confront us now 
purely in their own peculiar differences*9

The psychological change in colors that Helmholtz 
describes herenis a phenomenon that has undergone much in
vestigation and caused much discussion by psychologists 
since his time* Today psychologists usually illustrate 
the phenomenon under experimental laboratory conditions 8 
using what they call a 11 reduction screen 5" and they 
generally refer to the psychological difference in-color 
that results as one between ”film colors" and "surface 
colors*"

But although the occurrence of the difference in 
colors must be readily admitted3 we may still question 
whether colors can ever be distinguished psychologically 
as distinct variabless divested of any reference to objects

8Ibid*a p* 1 3* 
^Ibid*„ p* 9 *
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in spatial relationships* The philosopher Ernst Cassirer 
rejects such an inference as unwarranteds

From a psychological point of view3 the sym
bolic ideation first constitutes vision = » „ =
A seeing and a thing-seenoutside of this "sight 3" 
a "hare" sensation preceding all formation3 is an 
empty abstraction*
0 0  o & O O O O  0 0 0  o 0 Q 0 & 0 0 0 0 ' 0 0 0 0

However far we may carry the "reduction" of
colors— however far we may go in divesting color 
of its representative character, its value in 
representing the spatial and objective world—  
we never succeed in tracing it back to a point 
where it becomes a mere "sensation" without any 
intuitive articulation*
0 0 0 0 0 O O O O O 0 0 0 0 0 o 0 0 0 0 o  0 0 0 0It is a mere abstraction to attempt to detach
the phenomenon from this involvement, to apprehend 
°it as an independent something outside of and pre
ceding any function of indication* For the naked 
core of mere sensation which merely is (without 
representing anything)s never exists in the actual 
consciousness; if it exists at all, it is the 
prime example of what William James called "the 
psychologist's fallacy* "10

A basic criticism which will be developed in 
greater detail throughout this paper is that Helmholtz8 
conception of sensations, as psychological variables de
void of reference to objects in physical spatial relation
ships, involves a fundamental conflict* In trying to 
understand the nature of this conflict, we should not 
overlook the fact that Helmholtz sometimes wavered in his 
conception of sensations as psychological elements origin
ally lacking in reference* In one place, for example, he

10lrnst Cassirer, The Philosophy of Symbolic Forms, 
Vol* III: The Phenomenology of Knowledge* trans*, Ralph 
Manheim (Hew Haven: Tale University Press, 1957) , pp* 134-, 135 9 14-1 *
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states that

the tokens which we get "by the sense of sight may 
vary in intensity and in quality3 that is5 in 
luminosity and in color* There may also he some 
other difference between them depending on the 
place on the retina that is stimulated3 a so- 
called local sign* The local signs of the sen
sations in one eye are entirely different from 
those in the other eye*H

Here sensations are said to refer not so much to 
objects as to places* and the implication is that such 
reference is as essential to sensations as is their 
quality* Yet Helmholtz speaks as though the spatial 
character of such reference is acquired subsequently to 
the appearance of the sensations

The Empirical Theory regards the local signs 
(whatever they really may be) as signs the sig
nification of which must be learnt3 and is ac
tually learnt3 in order to arrive at a know
ledge of the external world* It is not at all 
necessary to suppose any kind of correspondence 
between these local signs and the actual dif
ferences of locality which they signify* 12

Close attention here casts much light on the fun
damental conflictj of which Helmholtz seems to have some 
inkling* On the one hand9 he wants to distinguish between 
variables which have reference and variables which do not* 
On: the other hand,, he wants to distinguish between vari
ables which have veridical reference and variables which

11 Treatise on , III, 533o
12

Q



do no to Helmholtz generally evidences a "belief that these 
two distinctions amount to the same thing9 and that for a 
sensation not to have veridical reference to things in 
physical spatial relationships requires that it have no 
reference whatsoever to themo

But this simply is not so<> Variables may not have 
veridical reference to things in physical spatial relation
ships and still have reference to them9 even though it be 
non-veridical9 as, for example5 in illusions and halluci
nations* One may have an hallucination of solid; three- 
dimensional objects just as surely as he may have one of 
two-dimensional or "non-dimensional" objects* In the 
present writer's opinion9 one never has illusions or hal
lucinations of "non-dimensional" objects*

J* von Fries comments in the appendix to the

0 * 6  It is not possible to conceive how a 
spatially ordered perception could be developed 
simply from the non—spatial characteristics of 
the local signs* The truth is that by trying 
to extend empiricism to the apperception of 
space as such, HELMHOLTZ constructed a theory 
which had an hiatus in it and was left hanging 
in the air at the place where it absolutely 
needed to have a solid support*13

In this paper we shall investigate this cleavage 
in Helmholtz' theory further $ and shall try to show that 
a more consistent account of psychological variables is



essential to such variables„ Without disputing the pos
sibility that sensations may well be devoid of reference 
at times 3 we shall argue merely that under such conditions 
sensations cannot be conceived as psychological items0

Another point we shall endeavor to demonstrate and 
develop more fully in succeeding chapters is this: So 
stand in a relationship of reference to things in physical

is the same thing as to stand in
She distinction be

tween the physical and the psychological is a conceptual 
and abstract distinction0 More on this subject will be 
covered in succeeding chapters0

In view of Helmholtz5' failure consistently to dis
tinguish between the demand for variables without reference 
and the demand for variables without veridical reference 3 
it is only to be expected that his concept of “sensation" 
and of "local signs” is not coherent0 We cannot dismiss 
as merely coincidental a similar failure by Mill

to distinguish quite different questions: (a)
How do we come to see things as extended at 
all? (b) How do we come to see that things 
have the size or shape that they do have?« „ „
The answer3 "Bv learning" is quite appropriate 
to question (b) 3 but is utterly inappropriate 
to question (a).14

14I)oW0 Hamlyn 3 Sensation and Perception: A History 
of the Philosophy of Perception (Hondon: Eoutledg"e and 
Segan Paul, 1961T 3 pQ 155»
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fo say that veridical psychological spatial rela

tionships are lacking is simply not the same thing as to 
say that psychological spatial relationships are lacking 
entirelyo To say that sensations lack veridical psycho
logical spatial relationships does not entitle ms to say 
that sensations lack psychological spatial relationships 
entirely,, Stated differently, to say that sensations lack 
veridical reference to physical objects in physical spatial 
relationships does not entitle us to say that sensations 
lack any reference to physical variables in physical 
spatial relationships® It does not make sense to say that 
all reference is learned, but it does make sense to say 
that veridical reference is learned®

In the same book from which the above comments on
Mill were taken s the author remarks that

the dispute between Hativism and Empiricism 
concerning space-perception » » ® turned large
ly on this point ® ® ® ® The issue emerges most 
clearly over the localization of sensations®
0 p < j 0  0 0 0  0 0 < > d 0 0 0 0 0 0 0 0  0 4 ? 0 a 0The local sign theory suggests that sensa
tions are in some way inspected and that the re
sult of the inspection will tell us where they 
are to be located® But finding out that a pain 
is due to something in a specific tooth is a 
matter of objective tests, not inspection of the 
pain; while feeling it to be in that tooth is 
not a matter of having the pain, inspecting it 
and then concluding that it is in that tooth®
It is purely and simply feeling it to be in that tooth®15

1^Ibid®. p® 154®
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In succeeding chapters we shall find that Helmholtz1 
failure to differentiate between the demand for variables 
without veridical reference and the demand for variables 
without any reference gives rise to further difficulties 
in his theoryq It is to be hoped that a careful analysis 
of these failures will of itself go far toward illuminat
ing not only Ealmholtz * theory, but also the whole point 
at issue between the Hativists and Empiricists,

In conclusion to this chapter9 we submit (l) that 
the distinction between variables with reference and vari
ables without reference amounts to a distinction between 
psychological variables and physical variables? (2) that 
the distinction between variables with veridical refer
ence and variables with non-veridical reference is tanta
mount to the distinction between veridical psychological 
variables9 or perceptual variables proper9 and "illusory" 
psychological variables9 and (5) that Helmholtz * distinc
tion between sensory and perceptual variables confuses the 
distinction in (l) with that in (2),

Mention should be made of the fact that the first 
person to suggest that reference to something beyond it
self is the essential trait of the psychological was 
Franz Brentano (1838-1917)@ who published his ideas in a 
work entitled Psychology from an Empirical Standpoint in 
1874-0 Ehis man is generally regarded as the founder of
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pheBomeBo 1 o gi eal psycho logy o As we shall see later 3 how
ever 3 other philosophers 3 such as R*6K> ©o-llingwo.od, have 
come to a very similar conception in their contention that 
the essence of mind is language*



CHAPTER III

-CAUSAL AED REFERMTIAL 1ELATI0E3

In this chapter we shall discuss and compare 
causal and referential relations as they were used by 
Helmholtz 3 with the purpose of determining whether these 
relations might be similar in ways important to our under
standing of his theory* To facilitate this discussion5 
let us distinguish5 on the basis of conclusions reached 
in the last chapter $ between two main broad types of vari
ables i P variables 5 or those in psycho-spatial relation
ships g including those in l’veridical” psycho-spatial re
lationships ; and ̂  variables, or those in physico-spatial 
relationships9 including all non-pSyeho-spatial variables9 
inside as well as outside the body of the organism con
cerned * Whether such variables should be conceived as 
being in temporal relations also <, is a matter we shall 
have to consider later* At this point we emphasize only 
the necessity to distinguish between two different spaces 3 
psychological space and physical space 9 which we shall call 
also "psycho-space” and "physico-space” or simply "P" and 
"Q” space*

The distinction2 of course9 is the product of
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conceptual abstraction; to a subject whose P space might 
be under investigation there would be no distinction (ex
cept insofar as the subject himself might entertain such 
an abstract distinction for purposes of his own), The 
distinction between the two types of space should no en
gender any philosophical difficulties as long as it be 
understood as an abstract distinction useful for specific 
scientific purposes. On the contrary, such a distinction, 
conceived as abstractj should go far toward resolving many 
difficulties, scientific and philosophic, inherent in 
Helmholtz1 and other theories of perception.

The distinction is strictly analogous to that often 
made by the physicist, when he wishes to show relationships 
between, say, the spatial relationships of certain objects 
and those of their images in the mirror. He must distin
guish between two different spaces, physical space and 
mirror space, for otherwise he finds himself either unable 
to locate mirror images anywhere at all, or else locating 
them in different places at the same time.

Mirror images of candles, for instance, simply are 
not the same sort of things as physical candles, and yet 
they are not fairy-tale fictions either, .They simply are 
abstractions from what candles are that can be touched 
and can burn our fingers; mirror images of candles are like 
candles in many important ways but unlike them in ways
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that are also importanto Mirror images of candles may 
even look different from the candles making the images 5 
as anyone may discover if he takes some candles into a 
fun-house of mirrors 3 hut we all know they usually look 
just the same even when we don't conceive of them as 
identical when we look at them*

The differences between mirror images of the same 
object resulting from the reflection of that object in 
different kinds of mirrors9 like those in a fun-house 9 
might seem amusing to the layman but are otherwise of 
little interest to him* To the physicist s however3 and 
to the mathematician on whom the physicist depends 9 such 
differences are significant, not for their amusement 
value 9 but for the way such differences may be present and 
yet leave certain relationships unchanged= Nor are the 
physicist and mathematician interested only in mirrors 
which give the most nearly ”veridical" mirror images; they 
want to understand the "distorted" images also* In gener
al s the physicist and mathematician seek invariant rela
tionships amid variable ones* and may, by sufficient ab
straction , show relationships of functional or conceptual 
identity where others can find only differences* Con
versely, they may, by sufficient abstraction, show dif
ferences where none are found by others*

So it is, we shall contend, with Helmholtz in his



role of psychological theorist $ when he seeks to find 
relations not only among different psycho=spatial or P 
variables alone, and among different physico=spatial or Q 
variables themselvesj but also between the two kinds of 
variables considered separately in abstraction? ioecs be
tween the psycho-spatial variables and the physico-spatial 
variables (where physico-spatial variables are all per
tinent non-psyeho-spatial variables) <, How did Helmholtz 
himself conceive the relation of P variables to ^ vari
ables?

He has indicated so far in our discussion that
such a relation is a referential or symbolic relation; as
he himself puts it %

thus far the sensations have been described as 
being simply symbols for the relations in the 
external wo rid 0 They have been denied every 
kind of similarity or equivalence to the things 
they denoteo Here we touch on the much dis
puted point as to how far our ideas agree in 
the main with their objects. ■» 0
0 Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O P

I shall confine myself <? 0 0 merely to in
quiring what I think should be the attitude of 
an investigator toward these controversieso16

At this point, however3 Helmholtz goes on to indicate
that $ although the relation of the psycho-spatial to the
non-psycho-spatial is in part referential? it also is in
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Our apperceptions and ideas are effects wrought 

on our nervous system and our consciousness "by the 
objects that are thus apprehended and conceived*
Each effect, as to its nature, quite necessarily 
depends both on the nature of what causes the 
effect and on that of the person on whom the ef
fect is produced*17

And how does Helmholtz conceive of causal rela
tions? As logical relations between abstract variables:

She law of causation bears on its face the 
character of a purely logical law * * * * And 
when at length we have succeeded in explaining 
certain natural processes by the law of causa
tion, the conclusions we derive from it are that 
certain masses of matter exist and move in space 
and act on each other with certain motive forces*
But the conception of both matter and force are 
entirely abstract in nature, as is shown by their 
attributes* * * *. Shus the two conceptions are 
inseparable; they are merely abstract modes of 
regarding the same objects of nature in various 
aspects*18 (My italics*)

In.this important passage, Helmholtz directs us to 
a conclusion which to us might seem unavoidable, but which 
Helmholtz himself never quite reached* For we have already 
interpreted referential relations as relations between 
abstract variables and specifically, in Helmholtz1 theory, 
as relations between psycho-spatial and non-psycho-spatial 
variables* If causal relations are also such relations, 
under Helmholtz* own interpretation, then differences be
tween the two kinds of relations must be negligible* Would 
present-day developments in the formulation of scientific

-̂ Ibid*
18Ibido * pp* 33-34-*



theories justify the interpretation of both causal and 
referential relations as relations between abstract vari
ables?

$o answer this question$ we should first note that 
modern philosophers of science generally recognize that 
the old notion of causal relations$ of which we may take 
John Stuart Mill's statement as representative 9 has been 
superseded by the notion of functional relations0 As J0S0 
Mill used the term, "cause” has been defined as followss

All events can be divided into classes in such 
a way that every event of a certain class A is 
followed by an event of a certain class B , which 
may or may not be different from A, Given two 
such events, the event of class A is called the 
"cause" and the event of class 1 is called the "effecto"19

In contrast to this definition, the philosopher- 
logician Alfred larski defines a functional relation thus:

A relation B is called a ©H1-M4HT or BUHGTIOHAL 
KEIATIOH or simply a ETMOTIOIT if, to every thing 
%, there corresponds at most one thing x such that 
xfev: in other words, if the formulas:

x B £ and z B y; 
always imply the formula:

In regard to causal and functional relations, the 
philosopher of science J W o o d g e r  states in a recent

■^Bertrand Bussell, Human Knowledge § Its Score and 
limits (London:. George Allen and Unwin It do, 194-8) , p0 4-71»

^Alfred farski. Introduction to Logic (2nd ed0 revo ; Few York: Oxford University Press, T946) , p 0 980
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publications "It is well known that physics— contrary to
the teaching of Francis Bacon and JoS0 Mill--is. a search

21not for causes "but for functional relations0" Woodger
"bemoans the fact that "this insight has not yet penetrated
into "biology to any great extent but he might with even

22more justification have said the same about psychology*
Some time ago the well known philo sopher~logieian Bertrand 
Bussell also expressed disappointment about the failure of 
philosophers to recognise the importance of functional re
lations: "Ho doubt the reason why the old ‘'law of caus
ality * has so long continued to pervade the books of 
philosophy is simply that the idea of a function is un~ 
familiar to them *< , * * "

Having advanced this far toward answering our 
original question$ we may new see rather clearly why 
Helmholtz himself failed to assimilate causal and refer
ential relations to a common category* We noted previously 
that Helmholtz fell rather strongly under the influence of 
JoS* Mill5 as did other scientists and philosophers of his

. ^kToH* Woodger j "Abstration in Hatural Science 9"
of the 1960 International GongressT"ed* Ernest Nagel9 Patrick Suppes, and Alfred Tarski (Stanford8 California: 
Stanford Wniversity Press, 1962) 9 p* 293*

22Ibido
^Bertrand Bussell$ "On the Notion of Cause 9 with 

Applications to the Free-Will Problem," Headings in the 
Philosophy of Science * ed* Herbert Feigl and May Brodbeck 
(New York: Appleton-Century-Grofts, Inc* 9 1953) 9 p* 395*



day ands, as we also indicated9 many still do* If psycho
logists in particular still today rely heavilys if in
directly, upon the inadequate notion of causal relations 
hequesthed to them by J0S 0 Mill, Helmholtz can hardly be 
held accountable for his tendency to do so a century ago* 
On the contrary, Helmholtz' advance upon Hill's formula
tion is noteworthy, and Helmholtz explicitly repudiated
Mill's view that causation is "a law of nature arrived at 

2 4by induction*" But despite the emphasis Helmholtz 
placed on referential relations in what he himself called 
the Hfundamental thesis*1 of his theory, he never went so 
far as to make an explicit subordination of causal and 
referential relations to a common category of what later 
came to be called “functional relations*11

Ernst Cassirer expresses his belief that the 
methodological cleavage between empiricist and rationalist 
tendencies present in Helmholtz' theory rests on the dual
ity in his conceptions of causal and referential relations

fhough Helmholtz seems to recognize the primacy 
of the symbolic concept, he does not adhere to it 
with truly systematic rigor* For instead of sub
ordinating the problem of causality to the general 
problem of signification, he takes the opposite 
course, interpreting the function of the sign it
self as a special form of causal relation and seeking to explain it as such* 25



Though we may not agree that Helmholtz consistently 
interprets the function of the sign as a special kind of 
causal relation, we must agree that he doesn8t realize the 
necessity for including causal relations and referential 
relations in a common category of symbolic, functional re
lations = Gassirer interprets the relation of the physical 
to the psychologicals or the relation "between body and 
soul" as archetypal of symbolic, functional relations:

The relation between body and soul represents 
the prototype and model for a purely symbolic re
lation,, o o e Here there is originally neither an 
inside and outside nor an effect » * 6 > A genu
ine access to the body-soul problem is possible 
only if we recognize as a general principle that 
all substantial and causal connections are ulti
mately based on such relations of meaningo 26

We conclude, then, that P variables and 3  vari
ables are functionally related to each other* Functional 
relations show invariant co-relationships of meaning be
tween abstract variables, and are themselves abstract*
They often need not and in many cases must not be inter
preted as indicative of temporal relationships, as causal 
relations usually are* As we conceive them, functional 
relations may be described as internal relations, in the 
sense that they are definitively essential to the meaning 
of the abstract variables between which they hold* Vari
ables functionally related, therefore, lack significance



apart from their relationships $ so that one cannot first 
describe or define such variables and then try M  dis
cover their functional relationships? as David Hume and 
JoSo Mill after him supposed could be done with variables 
in causal relationshipSo Moreover? distinguishability or 
indistinguishability of variables in functional systems 
does not necessarily signify or imply distinguishability 
or indistinguishability in relatively concrete perceptual 
experienceo As we shall discuss in the next chapter, 
however, the ability to make conceptual abstractions 
probably develops in conjunction with the development of 
linguistic abilities, so that what are essentially con
ceptual abstractions become so taken for granted that they 
pass for immediate, concrete data of experience, univers
ally recognized as such by everyone despite his language 
or linguistic capabilities0 In the article by JoH*
Woodger referred to previously, he gives examples which 
"show how abstraction can be taken for granted and for
gotten* It should surely be part of the task of method
ology to search out the characteristic modes of abstrac
tion of the several sciences and to study their conse
quences *

Woodger then goes on to quote something the emin
ent philosopher A*H» Whitehead said about abstraction,

^Abstraction in Natural Science Q pp* 301-302„
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which earn appropriately be quoted here also:

The disadvantage of exclusive attention to a 
group of abstractions $ however well founded3 is 
that, by the nature of the case3 you have ab
stracted from the remainder of things* In so 
far as the excluded things are important in 
your experience 5 your modes of thought are not 
fitted to deal with them* You cannot think 
without abstractions| accordinglys it is of 
the utmost importance to be vigilant in critically revising your modes of abstraction*28

To these remarks of Whitehead8s9 Woodger adds:
Another point is that when one science (e*g*s 

physics) is applied in another (e*g* 8 biology; 
the applied science will automatically impose 
its modes of abstraction on the science in which 
it is applieds and this will inhibit the indepen
dent discovery of new modes of abstraction suitable 
to the latter science*29

J*8 * Mill and the whole tradition of Associationist 
psychology as it was developed by the British Empiricists 
sought in a rather crude fashion to impose the modes of 
abstraction employed by Newtonian physics 9 to psychology 
as well (e*g* s sensations were conceived as psychological 
"atoms" or SIements”)* Mill' s motion of causal relations ?
howevers and his highly influential "Methods" or "Oanons 
of Induction" which he formulated for the supposedly sci
entific investigation of these causes $ were all inadequate 
even to account for the modes of abstraction used in New
tonian physics*

^AoN* Whitehead s Science and the Modern World 
(New York: The MacMillan Go* 3 1925) 9 quoted in Woodger

^A*N* Whitehead 
(New York: The MacMillan

o
2%bid* n p* 302 O
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There can be bo doubts however3 that Mill’s im- 

fluence om Helmholtz was considerable, and this influeme® 
is in many ways unfortunate for Helmholtz0 theory of per- 
eeption« In the next chapter we shall find that Helmholtz, 
having failed to break ftally with Mill’s conception of 
causal relation, was led further to make a very curious 
adaptation of Mill’s inductive logic= The result of this 
adaptation was a notion for which Helmholtz’ theory is 
perhaps best known— the notion of "unbewusster Schluss *11 
translated variously as "unconscious conclusion," "un
conscious induction,’1 and "unconscious inferenceo" In 
general, we shall prefer the translation "unconscious in- 
ference0"

Another way in which Mill ’ s influence has been un
fortunate for psychology is the negative attitude it has 
engendered in some psychologists not only toward the modes 
of abstraction appropriate to physics, but toward abstrac
tion of whatever mode* It is certainly true that ohe 
should be careful in making and using abstractions, and 
try to avoid what Whitehead calls "The Fallacy of Mis
placed Concreteness=" But physical scientists have 
generally ceased to regard, for example, the infinitesimal 
instances of time and infinitesimal points of space as 
concrete parts of real thingsc Yet they have not ceased 
to employ such abstractions to the utmost scientific
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advantageo It is not abstraction as snch that is bad in 
psychology or in any science 3 but only unwarranted abstrac
tion or abstraction that is not found out for what it is*
©n the contrary* the use of abstraction is perhaps the 
chief characteristic of the most successful sciences* The 
philosopher E*G* Ooilingwood has remarked:

Some people talk about abstractions as if they 
were nasty things with which a wise man would have nothing to do*

But as soon as thought develops beyond its most 
primitive embryonic stage as mere apprehension of 
the given it begins making abstractions* However 
far it pushes the process of development it never 
leaves off* 1
O O O ’ 0 O' O O O O O O O 0 0 0 0 o o o o o a o o 0

A wealth of abstractions indicates not poverty 
in immediate consciousness but abundance of it $ as 
a wealth of honey in the comb shows $ not that the 
bees have left off vising flowers 9 but that they 
have visited flowers to some purpose*3©

^% h e  Hew Leviathan (Oxford: The ©larendon Press* m 2 ) ,  pp, 52-55..



CHAPTER IT

SPATIO-TEMPORAL RELATIONS M B  
"BHCOHSCIOUS IHFERMCE"

In Chapter II we conclmded that Helmholtz1 notion 
of "sensation” was essentially ambiguous«, We shall now 
find other ramifications of this ambiguity in connection 
with Helmholtz1 notion of "unconscious inferenceo,! To 
begin this discussion9 let us examine the following state
ments by Helmholtz:

Batural consciousness o = » is not in the habit 
of noticing that the properties of the objects 
that are seen, and touched are their effectss part
ly on other natural"'bodiess but mainly on our 
senses* How as our nervous system and our sen- 
sation-facuity, as being the constant reagent on 
which the effect is exerted9 is thus left out of 
account entirely$ and. as the difference of the 
effect is regarded as being simply a difference 
in the object from which it proceeds9 the effect 
can no longer be regarded as an effect, Cmv 
italics) o p o' and so comes to be considered ob
jectively as being a  property of the body and 
merely as belonging to it * * 0 „

But if we ponder over the basis of this pro
cess, it is obvious that we can never emerge from 
the world of our sensations to the apperception 
of an external world, except by inferring from the 
changing sensations that external objects are the 
causes of this changec Once the idea of external 
objects has been formed, we may not be concerned 
any more as to how we got this idea, especially 
because the inference appears to be so self-evident 
that we are not conscious of its being a new

35
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Helmholtz indicates here that sensations are 

caused by spatial objects but come by a process of in
ference to refer to spatial objects, and that since this 
process of inference is not usually recognized as such 
when carried out, it might best be regarded as unconscious 
inference* Here again we must decide whether or not Helm
holtz has been misled by his own conceptual abstractions*

Helmholtz implies that sensations are effects of 
causes, and that after perception occurs, these effects 
can 'ho longer be recognized” as effects* But does he 
mean to suggest that sensations are recognized as effects 
before perception occurs? Is it reasonable to assume that 
before we can perceive objects we are able to distinguish 
and recognize effects of objects? Wouldn't such recogni
tion involve conceptual abstraction, and could we accom
plish this before we are able to perceive?

Why should Helmholtz suppose that sensations are 
ever "recognized" as anything at all before they are 
"recognized" as spatial things? If they are interpreted 
as places in space, spatial objects, or as abstract things 
like "effects," must we not presume that perception also 
occurs, and rightly ask what place such recognition has in 
a scientific explanation of perception? On the other hand,



37if sensations are not distinguished and recognized as
”somethings©r-others ? 11 how can inferences from them be 
carried out? As stated by Ernst Cassirer;

The very first step in this inference is pro*-* 
blematic* For the causal dependency in which the 
sensation supposedly stands to the thing would not 
in itself enable the sensation to act as a sign 
for the thing <,<,«, » Sensation would not only 
have to be an effect of it but would also have to 
know that it is an effect of it032

And in another place, Cassirer enlarges upon this 
same basic criticism;

On the problem of space, his (EelmholW) em™ 
piricism exhibits a decidedly mathematical char** 
acter„ Far from explaining our intuition of 
space in sensationistie terms and deriving it 
from mere Hsensation,11 he traces it, on the con** 
trary, to a complicated tissue of “unconscious 
inferences” contrived by analogy to mathematical 
operations* According to Helmholtz, perceptual 
space oroginates from a kind of unconscious mathe** 
matieso As a variation on the ancient theme Cum 
Deus calculate fit mundus, one might paraphrase 
Helmholtz" doctrine thus; Cum homo calculat e fit 
spatium* Yet, this way of syntlietizing mathe** 
matics and psychology is questionable from two 
points of view* From the psychological stand** 
point it is open to the objection that it does not 
do justice to the phenomena as they are dis** closed by simple observation* By being trans** 
ferred into the unconscious, the problem becomes 
inaccessible to phenomenological analysis » » e c It is on this point that criticisms were raised, 
especially by Bering* Bering did not grow tired 
of pointing:out the flaws in Helmholtz* exposition 
of the perceptual facts* He emphatically insists 
that it is not in virtue of our knowledge of dif
ferences in external conditions, but xn virtue of 
an essential difference in the very act of vision,, 
that we are able to phenomenally distinguish be** 
tween film colors and the colors of object8 ,3 3

% b i d a. III, 526*
The Concept of Group and the Theory of Per cep** 

tion,” Philosophy and Phenomenological Research, Y (Septa 1944), p* IS* “  =
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The essence of Cassirer1s criticism is that in

ference proceeds from something known (or at least assumed) 
to something which by virtue of the inference becomes 
known9 and that there is no evidence$ that we must first 
know sensations as aspatial effects of objects before we 
know them as spatial objects themselves3 or of any basis 
for the inference of spatial objects from aspatial sensa
tions even if they were known first0 "Thus modern psycho
logy has more and more given up hope of surprising cons
ciousness at the point where it effects its crucial transi
tion from intrinsically aspatial sensation to spatial per- 
ception<,"

Helmholtz himself implies that unconscious infer
ence starts from the knowledge or recognition of sensations 
as effects 8 in the passage quoted above0 In the following 
he explicitly emphasizes that unconscious inferences evolve 
from a particular kind of knowledges

There appears to me to be in reality only a 
superficial difference between the 11 conclusions" 
(inferences) of logicians and those inductive 
conclusions (inferences) of which we recognize 
the result in the conceptions we gain of the outer 
world of our sensationsc The difference chiefly 
depends upon the former conclusions being capable 
of expression in words5 while the latter are not; 
because9 instead of words, they only deal with 
sensations and the memory of sensations , @ ,

Besides the knowledge which has to do with 
Hotions, and is, therefore, capable of expression 
in words, there is another department of our men
tal operations, which may be described as know
ledge of the relations of those impressions on the 
senses which are not capable of direct verbal

Gassirer, Philosophy of Symbolic Formsa III, 148»



expressiono For instance when we say that we 
"know" a man, a road, a fruit, a perfume, we 
mean that we have seen, or tasted $ or smelt, 
these objects* We keep the sensible impres
sion fast in our memory, and we shall recognize 
it again when it is repeated, but we cannot de
scribe the impression in words, even to our
selves 0 (My italics) And yet it is certain that 
this kind of knowledge (Kennen) may attain the 
highest possible degree of precision and cer
tainty, and is so far not inferior to any know
ledge (Wissen) which can be expressed in words055

The distinction made by Helmholtz between dif
ferent forms of knowledge seems legitimate enough on a 
common-sense level; the distinction occurs in German and 
other languages with different words for "know," and has 
been taken over by philosophers such as Bertrand Bussell* 
But even as Helmholtz himself expresses and gives examples 
of the distinction, and granting that it might legiti
mately be made, what reason yet exists for supposing that 
the first form of knowledge is a cognition of a somehow 
"internal" "world of sensations" from which inferential 
emergence to "the apperception of an external world" must 
be postulated? To whom are “a man, a road, a fruit, a 
perfume" ever "internal" except to relatively sophisticated 
individuals thinking in terms of linguistic or symbolic 
abstractions? And if they do not seem "internal" before 
they seem "external," how could the recognition of them 
as "external" possibly be a product of inference?



We have already noted how Helmholtz sometimes 
speaks of "observing" or "perceiving" sensations^ and his 
implication now that sensations are known the way men, 
roads9 ete0 $ are known raises further doubts that this way 
of talking about sensations was merely a verbal slip0 For 
if sensations are known in the same manner as men3 roads9 
and fruitj it would only be consistent to suppose sensa
tions are perceived the same way as men, roads s and fruit 
are0 Unfortunately3 as we noted previously, this inter
pretation virtually reduces Helmholtz" theory to the ab
surdity that perception explains itselfo However this 
may be, Cassirer1s criticism of the notion of "unconscious 
inference" cannot be dismissed lightly„

Cassirer and other philosophers have also expressed 
doubts about the possibility of recognizing a "sensible 
impression" without being able to "describe the impression 
in wordso" Besides Cassirer, other men of quite different 
philosophical orientations, like Budwig Wittgenstein, 
Benjamin Lee Whorf, and E0G0 Collingwood, have all ac
corded to linguistic ability a very important role in 
perception and cognition»

Collingwoodj for example, believes that "you
attend to your here-and-now feeling, and so become cons-

36cious of it, by making a significant utterance<," He
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emphatically rejects Helmholtz5 supposition that one can
entertain "sensible impressions" which he cannot describe
even to himself s "’Instinct1 may say if it likes that you
must first be conscious of a feeling before you can fit it
with a name; experience teaches that this is a vulgar 

37erroro Collingwood gives the example of a man who
becomes conscious of being cold:

.Is there anything he does? any practical ac
tivity of his own5 that marks or brings about the 
change?

Certainly there is„ He names the feelingc 
Perhaps he uses the language of speech and says 
"cold"«, Perhaps he uses the language of gestures 
and gives an expressive shiver« Phis shiver is 
the name in gesture-language of the same feeling 
whose name in English is "cold",

lo name the feeling awakens his consciousness 
of the feelingo There is a tendency to put the 
cart before the horse and fancy that conscious
ness of the feeling comes first and finding a name 
for it afterwardss but that is a mistake due to 
false analogy with cases that are essentially dif
ferent, e»go9 when an explorer sees an unrecorded 
mountain and then finds a name for it c 0 » <>38

It will be recalled that Helmholtz asserted not
merely that sensations could be present somehow without
the use of language (or at least without the use of verbal
language— a significant qualification that we must consider
later)s but also that they could be known and "held fast
in our memory" without the use of language» Collingwood

^Ihe Hew leviathan. quoted in Donagan, p 0 410 
Ibidp, PP° 41—42o
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maintains not only that language enables ns to become 
conscious of our feelings9 but in addition$ that mere 
consciousness of things is not sufficient for knowledge 
and furthermore that feelings can never be remembered:

Consciousness is the root of knowledge $ but 
it is hot knowledge* Knowledge is a highly 
specialized form of consciousness containing many 
elements which are not present in ordinary cons
ciousness*

In order to know anything I must not only be 
conscious, I must reflect on that consciousness*
Shis reflection on simple consciousness I call 
second-order consciousness* Until consciousness 
is made an object of reflection there can be no 
knowledge, because there is no knowledge without 
first,, the performance of certain specialized 
operations of thought and, secondly, conscious
ness of these operations as having been actually 
performed: which is second-order consciousness*
O 0 0 0 O 0 0 0 0 0 0 0 0 0 0 O 0 O 0 0 0 0 0 0 0Feelings cannot be remembered* People who 
think they remember a feeling are deceived, never 
having been careful to make the distinction, by the 
fact that a proposition about a feeling can be 
remembered* You cannot remember the terrible 
thirst you once endured; but you can remember that 
you were terribly thirsty* 39

The so-called "second-order consciousnessn or 
selective attention always involves, in Oollingwood8s 
opinion, an act of conceptual abstraction, as well as the 
use of language* Only by conceptual abstraction do we be
come aware of such things as color-patches* If you are in 
the presence of a red blanket on a green lawn, for example,

he pointed out that circumscribing the red 
blanket in your mind is not the same as attending 
to the red patch you see; for you can circumscribe

^% b i d * a pp* 2 0 ,
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it without attending to it as a red patchs as you might if somebody asked you to look at the 
old blanket on the lawn» In order to select 
the red patch for attention as a red patch* 
which is what selectively attending to it is* 
you must 8clarify” to yourself what you are 
attending to; and this clarification can be 
nothing but distinguishing its character as 
red, and abstracting that character from the 
others it bears „ 0. » »fhese acts are inescapably linguistic, al
though neither the word 1red * nor the English 
language need be employed „ 0 „ <> fhe idea 
that it is possible to form a pure wordless 
concept of red, whose glassy essence may be 
contemplated by a mind alone with itself, is 
only not refutable because it is vacuouso/^

Ooliingwood, then, holds that knowledge of sen
sations and processes of thought involving such knowledge 
require the use of linguistic abstraction, just as surely 
as other forms of knowledge» For those who might be in
clined to believe that such a view is a radical innova
tion in philosophy, he points out that Thomas Hobbes first 
presented it in the seventeenth century:

It has long been known that language is an 
indispensable factor in social life, the only 
way in which knowledge can be communicated from 
one man to another» But it was long believed 
that within the precincts of the individual mind 
the processes of thought could then go on without 
language coming into operation*

It would be hard to find an advocate for that 
belief to-day* It is a commonplace with us that 
language is not a device whereby knowledge al
ready existing in one man's mind is communicated 
to another's, but an activity prior to knowledge 
itself o without which knowledge could, never come into existence*

^Bonagan, p* 4-9, citing Ooliingwood, The Hew Leviathan*



$o discover this truth was one of the great
est achievements of HohheSo^l (My italieSo)

Gollingwood then goes on to quote several pas
sages from Eobhes* Leviathan as evidence that Hobbes did 
make the discoveryQ If the view is correct 3 as more and 
more thinkers are coming to believe it is, then what can 
we say about Helmholtz* "unconscious inferences from 
changing sensations," and about his distinction between 
Hennen and Wissen? Ho matter how far we might stretch 
the usual meaning of "inference3" we can hardly maintain 
that it is something other than a process of thought, or 
that it relates things other than objects of knowledgeo 
Helmholtz himself did not mean to deny thiSo Yet he did 
deny that verbal language was involved, not only to dis
tinguish sensations, but even to make inferences from 
them®

However, if sensations are never distinguished or 
recognized as such except by virtue of linguistic abstrac
tion, we must conclude that it would hardly be more proper 
to say that the perception of objects in space is the pro
duct of inferences from changing sensations than it would 
be to say that it is the product of inferences from moving 
electrons in the nervous tissue of the sense organs* 
Changing sensations and moving electrons may well be
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conditions necessary for the occurrence of perception3 hut 
inferences from such conditions would require a further 
condition that these changing sensations and moving elec
trons he known or recognized as such, and the supposition 
of this condition antecedent to the knowledge and recog
nition of spatial objects is highly questionable0

What about the distinction between Kennen and 
Wissen? Is it entirely unwarranted? If feelings and sen
sations can never be remembered as such, then Kennen can 
hardly be what Helmholtz maintained it was* However3 is 
there a possible distinction, not between knowledge of 
"sensible impressions" and knowledge of "notions," but be
tween a certain system of organized psychological inter
relationships achieved perhaps with some form of language, 
but without verbal language and without the conceptual 
abstraction involved in another, higher psychological 
level— a distinction perhaps corresponding to the difference 
between the organization of experience at two different 
levels of what Gollingwood calls "orders of consciousness" 
(first, second, third, etc*)*

In considering this possibility, let us look more 
closely at the phenomena that Helmholtz sought to explain 
by his notion of "unconscious inference*" If the concep
tion was, as Cassirer put it, "contrived by analogy to 
mathematical operations," then what was it about the
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phenomena of perception that led him to such a conception?

following:
Considered theoretically $ the task of judging 

of the color of a body under changing illumination 
would seem to he impossible; but in practice we 
soon find out that we are able to judge of local 
color without the least uncertainty or hesitation, 
and under the most different conditions* For ins
tance, white paper in full moonlight is darker 
than black satin in daylight, but we never find 
any difficulty in recognizing the paper as white 
and the satin as black* Indded, it is much more 
difficult to satisfy ourselves that a dark object 
with the sun shining on it reflects light of ex
actly the same color, and perhaps the same bright
ness, as a white object in shadow, than that the 
proper color of a white paper in shadow is the 
same as that of a sheet of the same kind lying 
close to it in the sunlight* * * * And yet the 
impression upon the retina of a grey surface under 
illumination may be absolutely identical with that of a white surface in the s h a d e *4-2

Helmholtz used the notion of “unconscious infer
ence M to account for such psychological phenomena as that 
described above, whereby not only the color but the size, 
shape, and other properties of psychological objects do 
not change according to the presumed changes in the pat
tern of stimulation of the eye, or on the sense organ 
under consideration, but remain constant or invariant de
spite the supposed changes in receptor stimulation* Con
sidered specifically as a relationship of flat, two- 
dimensional surface figures to a solid, three-dimensional 
object, Helmholtz expresses the relation thus:

Helmholtz indicates the answer to this question in the

Scientific Lectures* pp* 144-145*
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The eye gives only perspective surface-images, 

and the hand reproduces the objective area on the 
surface of a body by shaping itself to it as con
gruent ly as possibleo A direct image of a portion 
of space of three dimensions is affordedneither by 
the eye or by the hand * » » «, The idea of a body 
in space, Of a table, for instance, involves a 
whole series of. images > 0 '» » Such an idea of a 
single, individual body is, therefore, in fact a 
conception (Begriff) which grasps and includes an 
infinite number of single, succesive apperceptions, 
that can all be deduced from it; just as the species 
"table" includes all individual tables and expresses their common peculiarities,,43

In this passage Helmholtz alludes to the old 
"genus-species" relationships of classification used in 
Aristotelean logic* Nowadays mathematicians and logicians 
would not formulate the relation of two-dimensional sur
face figures to three-dimensional objects either as a de
ductive relationship of implication or as a class relation
ship of subject to predicate by species differentia* In
stead they would express such relationships, in their most 
general form, in terms of membership in a group of trans
formations for which certain relationships are invariant*
It is further testimony to Helmholtz1 genius that he later 
came to investigate this mathematical concept in connection 
with the psychology of perceptions

The first attempt to apply certain mathematical 
speculations concerning the concept of group to 
psychological problems of perception was made by 
Helmholtz in his essay Weber die Tatsachen, die 
der G-eometrie zu Gmmde liegen 0.868)* $o be sure, 
Helmholtz was not able to see the new problem which 
he had raised with complete precision and to realize 
its full importance* For, when Helmholtz wrote his



48
essay5 the concept of group was not yet recog
nized as that universal instrument of mat he- ;i/[ 
matieal thought which it later turned out to be0w

Helmholtz undoubtedly was much concerned about the 
connection between mathematical systems and psychological 
pehnomena0 Were he alive today to avail himself of modern 
developments in logic and mathematics— of developments in 
group theory in particular— he might have seen more clear
ly the distinction between functional relations and other 
logical relations, as well as between functional relations 
and causal relations as they were conceived by Mill* For 
group theory is actually an extension or branch of func
tion theory; it provides formal schemata for expressing 
conditions under which given functional relationships are 
invariant*

The scientist is usually looking for invari
ance whether he knows it or hot* Whenever he 
discovers a functional relation between two vari
ables his next question follows naturallys under 
what conditions does it hold? In other words, 
under what transformations is the relation invariant? 4$

In any ease, even if we must reject the idea of 
"unconscious inference” and the suggestion that psycho- 
spatial relationships are the product of intellectual cal
culation, certain possibilities remain for the formal ex
pression of such relationships* If we cannot be said to

^"Gassirer, Philosophy and Phenomenological Research, V, 1 *
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infer the “idea of a body in space” from an original know
ledge of pmrely qualitative $ aspatial sensations discon
nected from any reference or meaning* there is reason to 
believe that a gradual change and development of this 
reference occurs throughout life* and that this reference 
develops in accordance with different environmental con
ditions conceived physically and physiologically« Several 
investigators have sought to deal with these changes theor
etically according to abstract mathematical models; in 
addition to Helmholtz* Ernst Cassirer and Jean Piaget have 
sought to apply the concept of group in this connection*

hike Helmholtz * Cassirer is particularly interested 
in the phenomena of perceptual constancy— of color* size* 
shape* etc*— which characterises objects in three-dimension
al psychological relationships:

We may raise the question whether there are any 
concepts and principles that are* although in dif
ferent ways and different degrees of distinctness 
necessary conditions for both the constitution of 
the perceptual world and the construction of the 
universe of geometrical thought* It seems to me 
that the concept of group and the concept of in
variance are such principles* Perhaps we can* by 
their instrumentality* bring certain mathematical 
and psychological problems under a common denomina
tor— although in quite a different way than Helm
holtz attempted to achieve such a synthesis*
0 0 O O O O 0 0 0 0 0 0 o O O 0 0 0 0 0 0 0 o 0 O 0

There is no direct analogy between the achieve
ments of mathematical thought and those of percep
tion* T%ere is. no direct comparison between them 
possible* since no common measure applies to them* 
Helmholtz made the attempt to find such a common 
measure* lor this purpose * he intellectualizes * as 
it were* perception by interpreting it in terms of 
"unconscious inference*" But Helmholtz' attempt
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must be judged uBsueeessful in the face of data 
of experienceo Nevertheless, we must not con
clude that no mediation at all can obtain between 
these two levels <= <, 0 o The intentional reference to an object is not, to the extent to which 
it is realizable at all in perception, fulfilled 
at once, but gradually only o o =, » According to 
the degree of generality of the invariants that 
are seized upon under varying conditions of ob
servation, o o o (different perceptions) pene
trate, so to speak, to objective strata of dif
ferent depths o 4-6

Jean Piaget, similarly, is reluctant to apply the 
concept of group directly to the phenomena of constancy 
at the level of perception,, He believes, however, that 
such phenomena do approximate to a "grouping" pattern at 
the level of perception, in conjunction with the muscular 
or "motor" manipulations of objects* This manifestation 
of what he calls "sensorimotor intelligence" is preliminary, 
he believes, to the activity of thought, which involves 
the acquisition of verbal language and does exhibit 
genuine group-properties:

Now when we see that infants, just at the 
age at which this constancy has been noted (al
though its precision has been greatly exagger
ated), indulge in genuine trials, which consist 
in deliberately moving to and from their eyes 
the objects they are looking at, we are induced 
to relate perceptual activity involving transpor
tations and comparisons to manifestations of 
sensori-motor intelligence (without resorting to 
Helmholtz8 "unconscious inference")* * „ „

In brief, perceptual "constancy" seems to be 
the product of genuine actions, which consist of 
actual or potential movements of the glance or 
of the organs concerned; responses are co-

^^Philosoohv and Phenomenological Research. Y„ 19, 50_31.    —
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or&inated in systemss whose organization may vary 
from simple directed trial-and-error to a struc
ture reminiscent of "grouping," But true grouping 
is never attained at the perceptual level3 and 
only regulations due to these real or potential 
movements takes placeo^?

Piaget maintains that "sensori-motor.intelligence"
functions before language appears, during the period frorn̂
birth to two years of age, when "the small child can only
perform motor actions, without thought a c t i v i t y , H o w ,
according to Gollingwood, not only reason but "mind itself

49is the child of language," However, Piaget means "ver
bal language", while Gollingwood means to include pre- 
verbal. forms of language, such as gesture;

In any act of first-order consciousness, a 
whole here-and-now of feeling is raised to 
consciousness by a linguistic act, That act 
consists in deliberateIt performing: the bodily 
actions by which the feeling would be pre- 
consciously expressed. In children, first-ordern0 
consciousness is the first stage of mental life,(My italics,)

The interesting question which now arises, then, 
is whether the "motor-sctions” of which Piaget speaks do 
not constitute the child’s first form of personal, pre-

^7Jean Piaget, The Psychology of Intelligence 
(Paterson, H,J,: Littlefield, Adams and Go,, I960), p, $2,

^Logic and Psychology (Manchester, England: The 
University Press, 1953)? p, 97

^Donagan, p, 41, citing Gollingwood, The Hew Leviathan,
5QIbid,, p, 46,
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verbal language at such time as the child comes deliberate
ly to perform these activities0 This possibility, in the 
present writer's opinion, gives fresh significance to the 
following maxim attributed by Collingwood to Immaneul Kant; 
"If we want to find out what mind really is in itself, the

51answer is, 'Act, and you will find out1 o" (My italics*) 
Certain other points regarding the formation of 

psychological invariants bear further consideration* We 
have already alluded to the fact that Helmholtz paid but 
little attention to the problem of psychological temporal 
relationships, although he was much concerned with psycho
logical spatial relationships * He simply takes psycho
logical temporal relationships for granted, as when he 
speaks of inferences from changing sensations* Apparently 
he would never have thought of postulating unconscious 
inferences to account for psycho-temporal relationships *

But the development of perception involves not 
only changes in the reference to spatial relationships, 
but also changes in the reference to temporal relation
ships* If the formation of invariants and tendency toward 
objectification is conceived in this manner, we have not 
merely two abstract spatial systems, but two abstract 
spatio-temporal systems, a P space-time and a Q space- 
time*

51e *G-o Collingwood, The Idea of Nature (New York: 
Oxford University Press, 194577 P° 117°
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Under this"conception* the ostensible conflict be

tween Hativism and Empiricism in the psychology of percep
tion receives further illumination* For if the Empirical 
theories be taken as statements of ways in which psycho
logical variables are psycho-spatially and psycho- 
temporally inter-related, then the Hativist theories can 
be construed as showing functional, non-spatial and non
temporal relations between psychological variables and 
physical variables* There is nothing contradictory in 
allowing for the possibility that it takes time, training, 
and past experience for certain kinds of psychological re
lationships to develop in a certain way and allowing, in 
addition, for the possibility that these changes are 
functionally correlated with certain non-psychological 
conditions* As U* von Fries pointed out in the appendix 
to the third volume of the Physiological Optics: "It
would be an utter mistake to suppose that empiricism and 
nativism were two diametrically opposed hypotheses one of
which was bound to be right and the other, therefore,

,.52 wrong* 11
Von Kries argues especially that Helmholtz never 

meant to exclude physiological factors from explanations 
of psychological phenomena when he used the notion of
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Mmnconseioms inference":

Consider for instances his usage of the ex
pression unconscious conclusions (unconscious 
i n f e r e n c e s ) # 0 he meant chiefly to say that 
the relations of which he was speaking were of 
a similar kind to a series of other well-known 
relations, hut it is hardly to he supposed that 
he had any idea of giving any final description 
of these processes in this way0 It might he 
difficult to dispute that he was not using this 
language figuratively in regard to certain 
physiological processes; hut that is pure con
jecture » o o 053

Unfortunately 3 too narrow interpretations of 
Helmholtz1 theory have obscured the fact that it was re
garded even by Helmholtz himself strictly as a provisional 
formulationo The author of the famous treatise on physio
logical optics would probably he surprised and disappointed 
to find his theory so often interpreted today as a theory 
incompatible with physiological explanations of vision*



CHAPTER V

SUMMARY M B  C0NCLUS10H

Helmholtz1 theory of perception may now be summed 
up briefly as follows: The scientific problem of percep
tion is to provide an explanation for the development of 
veridical psychological spatial relationships$ i«eo, the 
development of the veridical reference of sensations to 
objects in physical spatial relationships* Helmholtz con
ceived of sensations as psychological variables originally 
without reference of any kind to objects in physical spa
tial relationships; he conceived of objects as spatial in
variants, or variables for which certain spatial relation
ships are invariant* He implicitly identified veridical 
reference with reference to objects (invariants)s and re
garded the development of psycho-spatial invariants as 
the development of veridical perception* According to 
Helmholtz * theory$ variables in the physical environment 5 
including physiological ones, operate causally to bring 
about sensations as effects, and psycho-spatial invariants 
are the products of unconscious inferences from these sen
sations*

Helmholtz8 conception of sensation was found to be



unsatisfactory9 since it fails to take account of the dis
tinction between variables wholly without reference and 
those merely without veridical referencec The distinction 
between variables wholly without referential relations and 
those with such relations marks off the physical from the 
psychological variables9 while the distinction between 
variables with non-veridical reference and those with 
veridical reference marks off the mon-veridical or "illu
sory" psychological variables from the veridical psycho
logical variables*

Veridical reference cannot be identified with 
reference to physical invariants9 since neither is all 
veridical reference reference to invariants nor is all 
reference to invariants veridical* An artist does not see 
falsely if he sees the sun at sunset as a sequence of 
colors rather than as an unchanging celestial body, and a 
savage does not see truly if he sees a succession of mo
tion picture stone-images as a single stone coming at him* 
The development of psycho-spatial invariants may be re
garded as roughly equivalent to the development of veri
dical psycho-spatial relationships, but such a view pre
supposes a standard of the veridical* Invariance is a 
matter of degree3 and the invariance of perception, as 
Gassirer, Piaget and others have emphasised, is only a 
crude and approximate invariance in comparision to the
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standards ©f physics and mathematics* Veridical reference 
is something more than mere reference to invariants, and 
the failure to discern invariant relationships is in itself 
neither right nor wrong, true nor false; it is wrong or 
false only in relation to certain standards*

lor purposes of adjusting to and getting about in 
the physical world it is best to be able to perceive that 
certain physical relationships are invariant, and nature 
provides for this adjustment* But the artist, for in
stance, must for his own special purposes "undo" his ac
quisition of psychological invariants by deliberate acts 
of abstraction; when he sees the sun as changing in size 
and color, or sees a landscape "in perspective," he is not 
seeing things wrongly relative to the standards he sets 
for himself, and so his perception is, in a very real 
sense, veridical* The reference of the psychological to 
the mon-psychological is veridical only in relation to a 
standard, and it is certainly erroneous to presume that 
all non-veridical reference involves a total absence of 
any sort of reference whatever*

Helmholtz described causal relations as logical re
lations between abstract variables, but failed to employ 
this conception of causal relations consistently in his 
theory of perception* While asserting that causal laws 
require conceptions that "are merely abstract modes of



53regarding the same objects of nature $ , 0 *" he neverthe 
less conceived of sensations as psychological variables 
causally related to the physical environment and specific
ally contrasted them with conceptions involving linguistic 
abstraction^ His inconsistent treatment of causal rela
tionships shows evidence of conflict between Kantian and 
Sillian ideas about causal relations*

Helmholtz conceived of sensations not only as 
causally related to the physical environment but also as 
symbolically or referentially related to it* He did not, 
however9 attempt to express causal and referential rela
tions both as relations between abstract variables* We 
concluded that the distinction between the psychological 
and the physical is an abstract distinction of meaning9 as 
Cassirer9 Collingwood and others had suggested, and that 
the relation between psychological and physical variables 
is a functional one* On the premise that a relation of 
reference is the essential attribute of the psychologicals 
we identified psycho-spatial relationships with physico- 
spatial relationships to which the relation of reference 
is directed* What is often physical to an experimental 
subject is thereby regarded as psychological to the experi 
mental theorist; what is objective to the subject is sub
jective to the theorist, as it were* fhe theorist posits

^Ibido 9 p* 645o
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and formalizes •physical spatial relationships according to 
objective tests of measurement $ etc,, 3 and compares these 
relationships with those determined according to reports 
by the experimental subject under controlled conditions? 
and formalizes them into a general theory as •psychological 
spatial relationships*

The conception presented here of a physical space 
functionally related to a psychological space is not ori
ginal with the present writer* A mathematician by the 
name of Albert A* Blanks to name one person9 has presented 
just such a conception* He has developed a formal postu
late system for what he calls "The Buneberg Theory of 
Binocular Space Perceptions" in tribute to another mathe
matician who laid much of the groundwork for the theory* 
Blank's theory treats of the functional relationship of 
"visual space" to "physical space"s

Space as ordered by binocular observations will 
be called visual space in contradistinction to 
physical space, space ordered by physical measure
ments*
0 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The principle utilized in the development of 
the Iiuneberg Theory is that the physical and sen
sory orders may be treated as abstract mathemati
cal systems connected by a transformation or map
ping function* The specification of the sensory 
order is the fundamental problem in any theory of perception*5A

^ Albert A* Blank5 "The Luneberg Theory of 
Binocular Space Perception«" Psychology: A Study of a 
Science * ed* Sigmund Koch (lew York: McGraw-Hill Book Go*s 
Inc*s 1959)s Study Ij Yol* I 9 pp* 4009 425*
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Blank constructed his mathematical theory of

visual space on the basis of experimental studies made
"by rigorously deleting from the environment factors
which are not essential to the binocular perception of 

55space o!l These experiments were accordingly conducted
in a dark room, under controlled conditions in which the 
only visible objects were tiny electric lights which ap
proximated to geometrical points0 The spatial relation
ships thus obtained were limited to the horizontal plane
and hence only two-dimensional in nature 9 not three- 

56dimensional®
Metric geometry was used to express the psycho- 

spatial relationships $ and among alternative postulate 
sets for different specific geometrical models$ the pos
tulates for a hyperbolic space (as opposed to a euclidean
or elliptic space) were found to be satisfied by the ex-

57perimental evidence® Blank regards this hyperbolic space
of vision as a "native space ® ® ® unaffected by learning 

58factors®" Perhaps he is wrong in this, but it is in any 
ease remarkable that a non-euclidean geometrical model

^Ibido, p *  '598®
56Ibido ® up® 408® 416®
^7Ibid® a p® 406®
58Ibid®0 p» 419®
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should prove applicable to perceptual phenomena s when non~ 
euclidean geometry was once (on the authority of Kant) re» 
pudiated even as a meaningful formal system*

In accordance with ouS? conception of the relation 
of the psychological to the physical as a functional re
lation between abstract variables $ we are unable to accept 
Helmholtz1 notion of "unconscious inference" as an explana
tion for the development of psycho-spatial relationships* 
Helmholtz indicated that these inferences were based on a 
knowledge of sensations as items without reference to 
physical spatial relationships3 and believed such know
ledge and the inferences based on it was possible without 
the use of linguistic abstraction* He even implied that 
conceptual abstractions were themselves based on such in
ferences* If thinkers like E*Go Qollingwood are right, 
howevers linguistic abstraction permits the acquisition 
of knowledge and the making of inferences8 rather than 
conversely*

However9 the most important contribution of Helm
holtz' theory of perception to our knowledge of the mind 
of man does not reside in the specific technical concep
tions of that theory* The most important contribution of 
the theory is the foundation it lays for understanding 
mind as essentially a thing of form and organizations even 
at its more rudimentary levels of development* In one 
sense, Helmholtz did not go far enough with this conceptions
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since he regarded, sensations as "basically formless psycho
logical qualities* In another senses he went too far be
cause he hypothesized, a discursive activity of thought as 
an explanation for perception itself»

Surely one handicap under which Helmholtz worked 
was the relatively primitive development of the formal 
sciences in his day0 Logic and mathematics were at that 
time inadequate to the description and explanation of the 
phenomena with which Helmholtz dealt; abstract algebra and 
the logic of relations were barely existent; non-euclidean 
geometries were just euriousities; and even the preposi
tional calculus was not much changed from the time of 
Aristotle*

Helmholtz dids however9 keep abreast of new de
velopments that took place in these fields during his life' 
time* We mentioned that Cassirer even credited him with 
investigating the concept of group in relation to percep
tion* Today the scope of developments in the formal 
sciences might stagger even the marvelous imagination of 
Helmholtz9 but he would not be deterred from learning 
about them 3 applying them to other fields 3 and even making 
important contributions to them as well*

Truly, men of Helmholtz* stature are exceedingly
rare*
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