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CHAPTER IV
THE FACTS IN PERCEPTION!

Address given during the anniversary celebrations of the
Friedrich Wilhelm University in Berlin, in 1878 ; reprinted
in Vortrdge und Reden, vol. 11, pp. 215-247, 387-406.

My distinguished audience !

Today on the birthday of the founder of our university, the sorely-tried
King Friedrich Wilhelm III, we celebrate the anniversary of its founda-
tion. The year of its foundation, 1810, fell in the period of the greatest
external stress upon our country. A considerable part of its territory had
been lost, the land was exhausted from the preceding war and the enemy
occupation. The martial pride which had remained with it from the
times of the great elector and the great king had been deeply humiliated.
And yet this same period now seems to us, when we glance backwards, to
have been so rich in possessions of a spiritual kind, in inspiration, energy,
ideal hopes and creative thoughts, that we might, despite the relatively
brilliant external situation of our country and nation today, look back
upon it almost with envy. If in that distressing situation the king’s first
thought was of founding the university before other material claims, if
he then staked throne and life so as to entrust himself to the resolute
inspiration of the nation in the struggle against the conqueror, this all
shows how deeply within him too, the simple man disinclined to lively
expressions of feeling, acted a trust in the spiritual powers of his people.

At that time Germany could point to a magnificent series of praise-
worthy names in both art and science, names whose bearers are in part
to be counted amongst the greatest of all times and peoples in the history
of human culture.

Goethe was alive and so was Beethoven; Schiller, Kant, Herder and
Haydn had survived the first years of the century. Wilhelm von Humboldt
was outlining the new science of comparative linguistics; Niebuhr, Fr.
Aug. Wolf and Savigny were teaching how to permeate ancient history,
poetry and law with living understanding; Schleiermacher was seeking
a profound understanding of the spiritual content of religion. Joh. Gott-
lieb Fichte, the second rector of our university, the powerful and fearless
public speaker, was carrying his audience away with the stream of his
moral inspiration and the bold intellectual flight of his idealism.
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Even the aberrations of this mentality, which express themselves in
the easily recognizable weaknesses of romanticism, have something at-
tractive compared with dry, calculating egoism. One marvelled at one-
self in the fine feelings in which one knew how to revel, one sought to
develop the art of having such feelings. One thought oneself allowed to
admire fantasy all the more as a creative force, the more it had freed
itself from the rules of the understanding. Much vanity lay hidden in
this, but all the same a vanity of enthusiasm for high ideals.

The older ones amongst us still knew the men of that period, who had
once entered the army as the first volunteers, always ready to immerse
themselves in the discussion of metaphysical problems, well-read in the
works of Germany’s great poets, men who still glowed with rage when
talking of the first Napoleon, but with rapture and pride when of deeds
in the war of liberation.

How things have changed! We may well exclaim thus with amazement
in a period when a cynical contempt for every ideal possession of human-
kind is propagated, on the streets and in the press, and has reached its
peak in two revolting crimes?, which were obviously only aimed at the
head of our emperor because in him was united everything that human-
ity, up to now, has regarded as worthy of veneration and gratitude.

We must almost make an effort to recall that only eight years have
passed since the great hour, when at the call of the same monarch every
rank of our people, without hesitation and filled with self-sacrificing and
inspired patriotism, went into a dangerous war against an opponent
whose might and valour were not unknown to us. We must almost make
an effort to take note of the wide extent to which the endeavours, polit-
ical and humane, to give the poorer ranks too of our people an existence
less troubled and more worthy of human beings, have captured the ac-
tivity and thoughts of the educated classes. Or to think how much their
lot in material and legal respects has actually been improved.

The nature of mankind seems simply to be such that next to much
light one can always find much shadow. Political freedom initially gives
the vulgar motives a greater licence to reveal themselves and to embolden
each other, as long as they are not faced with a public opinion ready to
offer energetic opposition. Even in the years before the war of liberation,
when Fichte was preaching sermons calling upon his generation to re-

 [In 1878, two attempts were made to assassinate the emperor.]
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pent, these elements were not lacking. He depicts conditions and senti-
ments as ruling which recall the worst of our times. “The present
age adopts in its basic principle a stance of haughtily looking down
upon those who, from a dream of virtue, let themselves be torn away
from pleasures, and rejoicing in the thought that one must get beyond
such things, and not at all be imposed upon in this manner.” * The only
pleasure, going beyond the purely sensuous, which he concedes to be
known to the representatives of that age, is what he calls ““delighting in
one’s own artfulness”. And yet, in this same period, there was being
prepared a mighty upswing which belongs to the most glorious events
in our history.

Although we therefore need not regard our period as beyond hope,
we should surely not soothe ourselves too easily with the consolation
that things were indeed not better in other times than now. It is never-
theless advisable, when such dubious processes are going on, that each
person should make a review — in the sphere given him to work in and
which he knows — of the situation of the work towards the eternal goals
of mankind: whether they are being kept in view, whether one has got
nearer to them. In the youthful days of our university science too was
youthfully bold and strong in hopes, its view was directed pre-eminently
towards the highest goals. Although these were not to be reached so
easily as that generation hoped, although it also emerged that long drawn
out particular labours had to prepare the path towards them, so that
initially the nature itself of the tasks demanded another kind of work
— less enthusiastic, less immediately directed towards the ideal goals —
it would still doubtless be pernicious should our generation have lost
sight of the eternal ideals of mankind, over and above subordinate and
practically useful tasks.

In that period, the fundamental problem placed at the beginning of all
science was the problem of epistemology: “What is true in our intuition
and thought ?2 In what sense do our representations correspond to ac-
tuality 7’3 Philosophy and natural science encounter this problem from
two opposite sides, it is a task common to both.

The former, which considers the mental side, seeks to separate out
from our knowledge and representation what originates from the influ-

* Fichte, Werke, vol. VII, p. 40.
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ences of the corporeal world, in order to set forth unalloyed what belongs
to the mind’s own workings. Natural science, on the contrary, seeks to
separate off that which is definition, symbolism, representational form
or hypothesis, in order to have left over unalloyed what belongs to the
world of actuality” whose laws it seeks. Both seek to execute the same
separation, although each is interested in a different part of what is
separated *. In the theory of sense perceptions, and in investigations into
the fundamental principles of geometry, mechanics and physics, even
the enquirer into nature cannot evade these questions. As my own studies
have frequently entered both domains, I want to try to give you a survey
of what has been done in this direction on the part of enquiry into nature.
Naturally, in the last analysis the laws of thought are no different in
the man enquiring into nature from what they are in the man who philo-
sophises. In all cases where the facts of daily experience — whose profusion
is after all already very great — sufficed to give a percipient thinker, with
an unconstrained feeling for truth, in some measure enough material for
a correct judgement, the enquirer into nature must satisfy himself with
acknowledging, that the methodically completed gathering of empirical
facts simply confirms the result gained previously. But there also occur
cases of the contrary kind. Such cases will justify the fact - if it needs to be
justified at all — that in what follows the questions concerned are not
everywhere given new answers, but to a great extent ones given long
ago are repeated. Indeed, often enough even an old concept, measured
against new facts, gets a more vivid illumination and a new look.
Shortly before the beginning of the present century, Kant had devel-
oped the doctrine of forms of intuiting and thinking given prior to all
experience ® — or (as he therefore termed them) ““transcendental” ® forms
of intuiting and thinking — into which forms any content we may rep-
resent must necessarily be absorbed, if this content is to become a rep-
resentation. Regarding the qualities of sensation, Locke had already
established a claim for the share which our corporeal and mental make-
up has in the manner in which things appear to us’. In this direction,
investigations into-the physiology of the senses, which were in particular
completed and critically sifted by Johannes Miiller and then summarized
by him in the law of specific energies of sensory nerves, have now brought

¥ ['Wirklichkeit’; ‘wirklich® has been translated consistently as ‘actual’ rather than ‘real’,
because below Helmholtz expressly distinguishes it from “reell’.]
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the fullest confirmation, one can almost say to an unexpected degree. At
the same time, they have thereby portrayed and made intuitive, in a very
decisive and palpable manner, the essence and significance of such a
subjective form, given in advance, of sensation. This theme has already
often been discussed, for which reason my presentation of it today can
be brief.

There occur two distinct degrees of difference between the various
kinds of sensation. The more deeply incisive difference is that between
sensations belonging to different senses, such as between blue, sweet,
warm, highpitched: I have permitted myself to term this a difference in
the modality of sensation. It is so incisive as to exclude any transition
from the one to the other, any relationship of greater or lesser similarity.
One cannot at all ask whether e.g. sweet is more similar to blue or to
red. On the other hand, the second kind of difference — the less incisive
— is that between different sensations of the same sense: I restrict the
term a difference of quality to this difference alone. Fichte groups to-
gether these qualities of a single sense as a quality range®, and terms a
difference of quality ranges what 1 just called a difference of modality.
Within each such range, transition and comparison are possible. We can
make the transition from blue through violet and crimson into scarlet,
and e.g. declare yellow to be more similar to orange than to blue.

What physiological investigations now show is that the deeply incisive
difference does not depend, in any manner whatsoever, upon the kind
of external impression whereby the sensation is excited, but is determined
alone and exclusively by the sensory nerve upon which the impression
impinges. Excitation of the optic nerve produces only light sensations,
no matter whether objective light — i.e. aether vibrations — impinges upon
it, or an electric current which we pass through the eye, or pressure on the
eyeball, or straining of the nerve stem during rapid changes of the direc-
tion of vision. The sensation arising through the latter influences is so
similar to that of objective light, that people for a long time believed in
light actually developing in the eye. Johannes Miiller showed that such a
development does not on any account take place, that the sensation of
light was indeed only there because the optic nerve was excited®.

Just as on the one hand each sensory nerve, excited by however so

' [ ‘Qualititenkreis’ |
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many influences, always gives only sensations from the quality range
proper to itself, so on the other hand are produced by the same external
influences — when they impinge upon different sensory nerves — the most
varied kinds of sensation, these always being taken from the quality
range of the nerve concerned. The same aether vibrations as are felt by the
eye as light, are felt by the skin as heat. The same air vibrations as are
felt by the skin as a quivering motion, are felt by the ear as a note.
Here the difference in kind of the impression is moreover so great, that
physicists felt at ease with the idea that agents as apparently different
as light and radiant heat are alike in kind, and in part identical, only
after the complete alikeness in kind of their physical behaviour had been
established, by laborious experimental investigations in every direction.

But even within the quality range of each individual sense, where the
kind of object exerting an influence at least codetermines the quality of
the produced sensation, there still occur the most unexpected incon-
gruities. In this respect, the comparison of eye and ear is instructive.
For the objects of both — light and sound — are oscillatory motions®, each
of which excites different sensations according to the rapidity of vibra-
tion: in the eye different colours, in the ear different pitches.

If we allow ourselves, for the sake of greater perspicuity, to refer to
the frequency relationships of light in terms of the musical intervals
formed by corresponding tone frequencies, then the result is as follows:
the ear is sensitive to some ten octaves of different tones, the eye only
to a sixth ', although the frequencies lying beyond these limits occur for
both sound and light, and can be demonstrated physically. The eye has
in its short scale only three mutually distinct basic sensations, out of
which all of its qualities are composed by addition, namely red, green
and bluish violet. These mix in sensation without interfering with one
another *°. The ear, on the other hand, distinguishes between an enor-
mous number of tones of different pitches. No two chords composed out
of different tones ring alike, while yet with the eye precisely the analogue
of this is the case. For a white which looks alike can be produced with
red and greenish blue from the spectrum, with yellow and ultramarine,

with greenish yellow and violet, [with green, red and violet,]'" or with
t [i.e. the interval having this name, not a sixth of an octave.]

't [The concluding words of the sentence indicate that Hertz and Schlick omitted this
phrase by mistake.]
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any two or three — or with all — of these mixtures together. Were the
situation alike with the ear, the consonance of C and F would sound
like that of D and G, E and A4, or C, D, E, F, G and A, etc. And — what
is notable as regards the objective significance of colour — apart from
the effect on the eye, one has not been able to detect a single physical
connexion in which light which looked alike was regularly alike in value.

The whole foundation, finally, of the musical effect of consonance
and dissonance depends upon the peculiar phenomenon of beats. The
basis of these is a rapid alternation in intensity of tone, which arises
from the fact that two tones almost alike in pitch alternately interact
with their phases alike and opposed, and correspondingly excite now
strong and now weak vibrations in a resonating body. The physical
phenomenon might equally well occur through the interaction of two
light-wave trains as through the interaction of two sound-wave trains.
But the nerve must firstly be capable of being affected by both wave
trains, and it must secondly be able to follow quickly enough the alter-
nation of strong and weak intensity. The auditory nerve is markedly
superior in the latter respect to the optic nerve. At the same time, each
fibre of the auditory nerve is sensitive only to tones from a narrow in-
terval of the scale, so that only tones situated quite near to each other
in it can interact at all. Ones far from each other cannot interact, or not
directly. When they do, this originates from accompanying overtones or
combination tones. There therefore occurs with the ear this difference
between resounding and non-resounding intervals, i.e. between conso-
nance and dissonance. Each fibre of the optic nerve, on the other hand,
is sensitive throughout the whole spectrum, although with different
strength in different parts. Could the optic nerve at all follow in sensa-
tion the enormously rapid beats of light oscillations, then every mixed
colour would act as a dissonance .

You can see how all these differences in the manner of action of light
and sound are conditioned by the way in which the nervous apparatus
reacts to them.

Our sensations are indeed effects produced in our organs by external
causes !2; and how such an effect expresses itself 3 naturally depends
quite essentially upon the kind of apparatus upon which the effect is
produced. Inasmuch as the quality of our sensation gives us a report of
what is peculiar to the external influence by which it is excited, it may
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count as a symbol of it, but not as an image. For from an image one
requires some kind of alikeness with the object of which it is an image —
from a statue alikeness of form, from a drawing alikeness of perspective
projection in the visual field, from a painting alikeness of colours as well.
But a sign need not have any kind of similarity at all with what it is the
sign of. The relation between the two of them is restricted to the fact
that like objects exerting an influence under like circumstances evoke
like signs, and that therefore unlike signs always correspond to unlike
influences.

To popular opinion, which accepts in good faith that the images which
our senses give us of things are wholly true'*, this residue of similarity
acknowledged by us may seem very trivial. In fact it is not trivial. For
with it one can still achieve something of the very greatest importance,
namely forming an image of lawfulness in the processes of the actual
world*®. Every law of nature asserts that upon preconditions alike in a
certain respect, there always follow consequences which are alike in a
certain other respect. Since like things are indicated in our world of
sensations by like signs, an equally regular sequence will also correspond
in the domain of our sensations to the sequence of like effects by law of
nature upon like causes.

If berries of a certain kind in ripening develop at the same time a red
pigment and sugar, then a red colour and a sweet taste will always be
found together in our sensation for berries of this type.

Thus although our sensations, as regards their quality, are only signs
whose particular character depends wholly upon our own makeup, they
are still not to be dismissed as a mere semblance, but they are precisely
signs of something, be it something existing or happening, and — what
is most important — they can form for us an image of the law of this
thing which is happening.

So physiology too acknowledges the qualities of sensation to be a
mere form of intuition !'°. But Kant went further. He spoke not only of
the qualities of sensations as given by the peculiarities of our intuitive
faculty, but also of space and time, since we cannot perceive anything
in the external world without its happening at a specific time and being
situated at a specific place. Specification in time is even an attribute of
every internal perception as well. He therefore termed time the given
and necessary transcendental form of inner intuition, and space the corre-
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sponding form of outer intuition. Thus Kant considers spatial specifica-
tions too as belonging as little to the world of the actual — or to ‘the
thing in itself” — as the colours which we see are attributes of bodies in
themselves, but [which]' are introduced by our eye into them.

Even here the approach of natural science can take the same path, up
to a certain limit. Suppose we namely ask whether there is a common
characteristic, perceivable in immediate sensation, whereby every per-
ception relating to objects in space is characterized for us. Then we in
fact find such a characteristic in the circumstance that motion of our
body places us in different spatial relations to the perceived objects, and
thereby also alters the impression made by them upon us. But the im-
pulse to motion, which we give through an innervation of our motor
nerves, is something immediately perceivable!”. That we do something,
when we give such an impulse, is felt by us. What we do, we do not know
in an immediate manner. Only physiology teaches us that we put into
an excited state — or innervate — the motor nerves, that their stimulation
is passed on to the muscles, that these consequently contract and move
the limbs. Yet all the same we know, even without scientific study, which
perceivable effect follows each of the various innervations that we are
able to initiate.

That we learn it by frequently repeated attempts and observations,
may be demonstrated with assurance in a long series of cases. We can
learn even as adults to find the innervations needed for pronouncing the
letters of a foreign language, or for a particular kind of voice production
in singing. We can learn innervations for moving our ears, for squinting
with our eyes inwards or outwards, or even upwards and downwards,
and so on. The difficulty in performing such things consists only in our
having to seek, by making attempts, to find the as yet unknown innerva-
tions needed for such previously unexecuted movements. We ourselves,
moreover, know of these impulses in no other form, and through no
other definable feature, than precisely the fact that they produce the
intended observable effect. Thus this effect also alone serves to distin-
guish the various impulses in our representation!®.

Now when we give impulses of this sort (turning our gaze, moving our
hands, going back and forth), we find that the sensations belonging to

' [Something is wrong with Helmholtz’ syntax here, but the sense is obvious.]

Physiological
analysis of
spatial intuition

Innervations



Spatial
intuition arises
through an
alteration
during
movement

Our claims are
in agreement
with Kant!

See Schlick's
notes 22-24

124 CHAPTER IV

certain quality ranges (namely those relating to spatial objects) can there-
by be altered; other psychic states of which we are conscious — memories,
intentions, wishes, moods — cannot be altered at all. A thoroughgoing
difference between the former and the latter is thereby laid down in im-
mediate perception.

Thus if we desire to call the relationship which we alter in an immediate
manner by the impulses of our will — what kind of relationship this is
might moreover be still quite unknown to us — a spatial one, then per-
ceptions of psychic activities do not enter into such a relationship at all.
But probably all sensations of the outer senses must proceed subject to
some kind of innervation or another, i.e. have some spatial specifica-
tion™®. In this case space will also appear to us — imbued with the
qualities of our sensations of movement — in a sensory manner, as that
through which we move, through which we can gaze forth. Spatial in-
tuition would therefore be in this sense a subjective form of intuition, like
the sensory qualities red, sweet and cold?°. Naturally, the sense of this
would just as little be mere semblance for the former as for the latter, the
place specified for a specific individual object is no mere semblance?.

From this point of view, however, space would appear as the necessary
form of outer intuition, because precisely what we perceive as having
some spatial specification comprises for us the external world. We com-
prehend as the world of inner intuition, as the world of self-conscious-
ness, that in which no spatial relation is to be perceived 22.

And space would be a given form of intuition, possessed prior to all
experience, to the extent that its perception were connected with the
possibility of motor impulses of the will the mental and corporeal ca-
pacity for which had to be given to us, by our makeup?®, before we
could have spatial intuition 24,

It will hardly be a matter for doubt, that the characteristic which we
have discussed, of altering during movement, is an attribute of all per-
ceptions relating to spatial objects*. The question will need to be an-
swered, on the other hand, as to whether every specific peculiarity of our
spatial intuition is now to be derived from this source. To this end we

' [ ‘rdumlich bestimmt sein’, i.e. any such sensation has a feature which can be altered
by our moving.]
* On the localization of sensations of internal organs, see Appendix I to this paper.
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must consider what can be attained with the aid of the features of per-
ception which have so far been discussed.

Let us try to put ourselves back into the position of a man without
any experience. We must assume, in order to begin without spatial in-
tuition, that such a man knows even the effects of his innervations only
to the extent that he has learnt how, by remission of a first innervation
or by execution of a second counterimpulse, he can put himself back
into the state from which he has removed himself by the first impulse.
As this mutual self-cancellation of different innervations is wholly inde-
pendent of what is thereby perceived, the observer can find out, without
yet having previously gained any understanding of the external world,
how he has to do this.

Let the situation of the observer initially be that he is faced with an
environment of objects at rest. This will make itself known to him in the
first place by the fact, that as long as he gives no motor impulse his
sensations remain unaltered. If he gives such an impulse (e.g. if he moves
his eyes or hands, or steps forward), the sensations alter; and if he then,
by remission or the appropriate counterimpulse, returns to the earlier
state, all his sensations will again be the earlier ones 2°.

Let us call the whole group of sensation aggregates which can be
brought about during the period of time under discussion, by a certain
specific and limited group of impulses of the will, the presentables for
that period; and call present, on the other hand, the sensation aggregate
from this group which happens to be being perceived. Then our observer
is tied at this time to a certain range of presentables, but any individual
one of which he can make present at any moment he wishes by executing
the relevant movement. Each individual presentable from this group
thereby appears to him as enduring at every moment of this period of
time. He has observed it at every individual moment that he wanted to.
The assertion that he would have been able to observe it also at any
other intervening moment that he might have wanted to, is to be re-
garded as an inductive inference, drawn from the case of every moment
at which a successful attempt was made to that of every moment whatso-
ever in the relevant period of time. Therefore, the representation of an
enduring existence of different things at the same time one beside another
can in this manner be acquired.

‘One beside another’ is a spatial description. But it is justified, since
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we have defined as ‘spatial’ the relationship altered by impulses of the
will. One does not yet need to think of substantial things as what are
here supposed to exist one beside another. ‘To the right it is bright, to
the left it is dark, in front there lies resistance but not behind’ could for
example be said at this stage of knowledge, with right and left being only
names for certain eye movements, in front and behind for certain move-
ments of the hands.

Now at other times the range of presentables, for the same group of
impulses of the will, is going to be a different one. This range, with the
individual which it contains, will thereby confront us as something given,
as an ‘objectum’ *. Those alterations which we can produce and revoke
by conscious impulses of the will, are distinct from ones which are not
consequences of such impulses and cannot be eliminated by them. The
latter specification is negative. Fichte’s appropriate expression for this
is that the ‘I’ is faced with a ‘not-I’ which exacts recognition 2°.

In asking about the empirical conditions under which spatial intuition
develops, we must in these considerations take account chiefly of touch,
since the blind can develop spatial intuition?’ completely without the
help of sight. Although for them space will not turn out to be filled up
with objects in such richness and detail as for sighted persons, it yet
seems most highly improbable that the foundations of spatial intuition
for the two classes of person should be wholly different. If we ourselves
attempt to make observations by touching, in the dark or with our eyes
closed, then we may very well touch with one finger — or even with a
pencil held in the hand like the surgeon with his probe — and still as-
certain, in detail and with assurance, the corporeal form of the object
present.

When wanting to find our way in the dark, we usually feel over larger
objects with five or ten finger-tips simultaneously. We then obtain five
to ten times as many reports in the same time as with one finger, and
also use the fingers, like the tips of an open pair of dividers, for mea-
suring magnitudes in the objects. All the same, the circumstance that
we have an extended sensitive skin surface, with many sensitive points,
recedes wholly into the background when touching things. What we are
capable of ascertaining from the skin feeling by gently applying our

t [The Latin word means variously ‘cast in the way’, ‘opposed’, ‘offered” .]
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hand, say upon the face of a medal, is extraordinarily rough and scanty
in comparison with what we discover by a groping motion, even if only
with the point of a pencil. With sight this process becomes much more
complicated, because of the fact that besides the most refinedly sensitive
spot on the retina — its central fovea — which is as it were led all round
the retinal image when we look at something, there also cooperate at the
same time a great host of other sensitive points, in a much more fertile
manner than is the case with touch.

By moving the touching finger along the objects, one comes to know
the sequence in which their impressions offer themselves. This sequence
shows itself to be independent of whether one touches with one finger
or another. It is moreover not a uniquely determined sequence, whose
elements one must always go through, forwards or backwards, in the
same order in order to get from one to another; thus it is not a linear
sequence, but a surfacelike ‘one beside another’, or in Riemann’s ter-
minology a second-order manifold. That all this is so is easily seen.

Thus might one get to know the spatial order of what exist ‘one be- Summary

side another’. As a further step, magnitudes would be likened with one
another, by observing congruence of the touching hand with parts or
points of the surfaces of bodies, or congruence of the retina with parts
and points of the retinal image.

Because this intuited spatial order of things stems originally from the
sequence in which the qualities of sensation offered themselves to the
moving sense organ, there finally persists a curious consequence even in
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the completed representation of an experienced observer. The objects
extant in space namely appear to us clothed in the qualities of our sen-
sations. To us they appear red or green, cold or warm, to have a smell
or taste, etc., whereas after all these qualities of sensation belong only
to our nervous system and do not reach out at all into external space *°.
The semblance does not cease even when we know this, because in fact
this semblance is the original truth: it is indeed sensations which first
offer themselves to us in a spatial order>!.

You can see that the most essential features 32 of spatial intuition can
in this way be derived. However, to the consciousness of the general
public an intuition appears as something simply given, which comes
about without reflection and search, and which is by no means to be
resolved further into other psychic processes. This popular belief has
been adopted by some workers in physiological optics, and also by the
strictly observant Kantians, at least as regards spatial intuition. As is
well known, already Kant assumed not only that the general form of
spatial intuition is transcendentally given, but that it also contains in
advance, and prior to any possible experience, certain narrower speci-
fications as expressed in the axioms of geometry 33. These can be reduced
to the following propositions 34:

(1) Between two points only one shortest line is possible. We call such
a line “‘straight”.

(2) Through any three points a plane can be placed. A plane is a sur-
face which wholly includes any straight line if it coincides with two of
its points.

(3) Through any point only one line parallel to a given straight line
is possible. Two lines are parallel if they are straight lines lying in the
same plane which do not intersect within any finite distance.

Indeed, Kant used the alleged fact that these geometrical propositions
appeared to us as necessarily correct, and that we could never at all even
represent to ourselves a deviating behaviour of space, directly as a proof
that they had to be given prior to all experience, and that for this reason
the spatial intuition contained in them was itself a transcendental >3 form
of intuition, independent of experience.

In view of the controversies which have been conducted, in recent
years, about the question of whether the axioms of geometry are trans-
cendental or empirical propositions, I should like here to emphasize
firstly that this question is wholly to be separated from the one first dis-
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cussed, of whether space is in general a transcendental form of intuition
or not*.

Everything our eye sees, it sees as an aggregate of coloured surfaces
in the visual field — that is its form of intuition®. The particular colours
which appear on this or that occasion, their arrangement and sequence
— this is the result of external influences and is not determined by any
law of our makeup. Similarly from the fact that space is a form of
intuiting, nothing whatever follows about the facts expressed by the
axioms. If such propositions are taken to be not empirical ones, but to
belong instead to the necessary form of intuition, then this is a further
particular specification of the general form of space; and those grounds
which allowed the conclusion that the form of intuition of space is
transcendental, do not necessarily for that reason already suffice to prove,
at the same time, that the axioms too are of transcendental origin®’.

When Kant asserted that spatial relationships contradicting the ax-
ioms of Euclid could never in any way be represented, he was influenced
by the contemporary states of development of mathematics and the
physiology of the senses, just as he was thus influenced in his whole
conception of intuition in general as a simple psychic process, incapable
of further resolution 3.

If one wishes to try to represent to oneself something which has never
before been seen, one must know how to depict to oneself the series of
sense impressions which, according to the known laws of the latter,
would have to come about if one observed that object and its gradual
alterations successively from every possible viewpoint and with all of
one’s senses >°. And at the same time, these impressions must be such
that every other interpretation is thereby excluded*°. If this series of
sense impressions can be formulated completely and unambiguously,
then one must in my judgement declare that thing to be intuitably rep-
resentable. Since by presupposition it is a thing which is considered
never yet to have been observed, no previous experience can come to
our help and guide our fantasy in seeking out the requisite series of im-

pressions; instead, this can only happen by way of the concept of the

object or relationship to be represented. Such a concept is thus first of
all to be elaborated and to be made as specialised as the given purpose
requires.

* See Appendix II below.
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The concepts of spatial structures which are taken not to correspond
to customary intuition can be reliably developed only by means of cal-
culative analytic geometry. The analytic resources for our present
problem were first given by Gauss in 1828 with his essay on the curvature
of surfaces, and applied by Riemann in seeking out the logically possible
self-consistent systems of geometry. These investigations have not un-
suitably been termed metamathematical*'. One should also note that al-
ready in 1829 and 1840 Lobatschewsky worked out, in the customary
synthetically intuitive manner, a geometry without the axiom of parallels,
and one which concurs completely with the corresponding parts of the
more recent analytic investigations. Finally, Beltrami has formulated a
method for forming images of metamathematical spaces in parts of Eu-
clidean space, by means of which the specification of their manner of
appearance in perspective vision is made fairly easy. Lipschitz has dem-
onstrated that the general principles of mechanics can be carried over
to such spaces, so that the series of sense impressions which would come
about in them can be completely formulated. With this the intuitability
of such spaces, in the sense of the definition of this concept given above,
has been shown *.

But here is where disagreement occurs. I demand for the proof of
intuitability only that one should be able to formulate, for every manner
of observation, specifically and unambiguously the arising sense impres-
sions, by using if necessary a scientific acquaintance with their laws, from
which ' it would ensue, at least for someone acquainted with these laws,
that the thing concerned or relationship to be intuited was in fact pre-
sent*2, The task of representing to oneself the spatial relationships in
metamathematical spaces indeed demands some practice in understand-
ing analytic methods, perspective constructions and optical phenomena.

This is however in disagreement with the older concept of intuition,
which only acknowledges something to be given through intuition if its
representation enters consciousness at once with the sense impression,
and without deliberation and effort. Our attempts to represent mathe-
matical ! spaces indeed do not have the ease, rapidity and striking self-
evidence with which we for example perceive the form of a room which

* See my lecture on the axioms of geometry.
' [Apparently meaning: ‘from which sense impressions’ .]
t* [Helmholtz presumably means ‘metamathematical’ .]
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we enter for the first time, together with the arrangement and forms of
the objects contained in it, the materials of which these consist, and
much else as well. Thus if this kind of self-evidence were an originally
given and necessary peculiarity of all intuition, we could not up to now
assert the intuitability of such spaces.

Yet we are now confronted with a host of cases, on further reflection,
which show that assurance and rapidity for the occurrence of specific
representations with specific impressions can also be acquired — even
when no such connexion is given by nature. One of the most striking
examples of this kind is our understanding of our mother tongue. Its
words are arbitrarily or accidentally chosen signs — every different lan-
guage has different ones. Understanding of it is not inherited, since for
a German child who was brought up amongst Frenchmen and has
never heard German spoken, German is a foreign language. The child
becomes acquainted with the meaning of the words and sentences only
through examples of their use. In this process one cannot even make
understandable to the child — until it understands the language — that
the sounds it hears are supposed to be signs having a sense. Lastly, on
growing up it understands these words and sentences without delibera-
tion and effort, without knowing when, where and through what ex-
amples it learnt them, and it grasps the finest variations of their sense —
often ones where attempts at logical definition only limp clumsily be-
hind.

It will not be necessary for me to multiply examples of such pro-
cesses — they abound richly enough in daily life. This is precisely the
basis of art, and most clearly that of poetry and the graphic arts. The
highest manner of intuiting, as we find it in an artist’s view, is this kind
of apprehension of a new type of stationary or mobile appearance of
man and nature. When the traces of like kind which are left behind in
our memory by often repeated perceptions reinforce one another, it is
precisely the law-like which repeats itself most regularly in like manner,
while the incidental fluctuation is erased away. For the devoted and at-
tentive observer, there grows up in this way an intuitive image of the
typical behaviour of the objects which have interested him, and he knows
as little afterwards how it arose as the child can give an account of the
examples whereby it became acquainted with the meanings of words.
That the artist has beheld something true emerges from the fact that it
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seizes us too with a conviction of its truth, when he presents it to us in
an example purified from accidental perturbations. He is superior to us,
however, in having known how to cull it from everything accidental, and
from every confusion arising in the onward rush of the world.

Thus much just to recall how active this psychic process is in our
mental life, from the latter’s lowest to its highest stages of development.
In previous studies I characterised as unconscious inferences the con-
nexions between representations which thereby occur — unconscious,
inasmuch as their major premiss is formed from a series of experiences,
each of which has long disappeared from our memory and also did not
necessarily enter our consciousness formulated in words as a sentence,
but only in the form of an observation of the senses. The new sense im-
pression entering in present perception forms the minor premiss, to which
there is applied the rule imprinted by the earlier observations*3. More
recently I have avoided the name “‘unconscious inferences”, in order to
escape confusion with the — as it seems to me — wholly unclear and un-
justified conception thus named by Schopenhauer and his followers. Yet
evidently we are dealing here with an elementary process lying at the
foundation of everything properly termed thought, even though it still
lacks critical sifting and completion of the individual steps, such as
occurs in the scientific formation of concepts and inferences 4.

Thus as concerns firstly the issue of the origin of the axioms of geo-
metry: the fact that the representation of metamathematical spatial rela-
tionships is not easy when experience is lacking, cannot be claimed as a
ground against their intuitability. Moreover, the latter is completely
demonstrable. Kant’s proof for the transcendental nature of the axioms of
geometry is thus inadequate. On the other hand, investigation of the
empirical facts shows that the axioms of geometry, taken in the only sense
in which one is allowed to apply them to the actual world, can be em-
pirically tested and demonstrated, or even — if the case should arise — re-
futed *.

The memory vestiges of previous experiences also play a further and
highly influential role in the observation of our visual field. A no longer
completely inexperienced observer receives even without movement of
his eyes — whether by momentary illumination from an electric discharge

* See my Wissenschaftliche Abhandlungen, vol. 11, p. 640; an excerpt is given as Appendix
111 below.
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or by deliberate rigid staring —a relatively rich image of the objects in
front of him. Yet even an adult will still easily convince himself that this
image becomes much richer, and especially much more precise, when
he moves his glance around in the visual field, and thus employs that kind
of spatial observation which I described earlier as the fundamental one.
We are indeed also so used to letting our glance wander upon the objects
we observe, that it requires a fair amount of practice before we succeed,
for the purposes of experiments in physiological optics, in holding it fixed
upon one point for a longish time without wavering.

In my works on physiological optics*, I have sought to explain how our
acquaintance’ with the visual field can be acquired by observation of the
images during the movements of our eyes, provided only that there exists,
between otherwise qualitatively alike retinal sensations, some or other
perceptible difference corresponding to the difference between distinct
places on the retina. Such a difference should be called a local sign, ac-
cording to Lotze’s terminology “°; except that the fact that this sign is a
local sign — i.e. corresponds to a difference of place and to which such
difference — need not be known in advance.

Recent observations** have also reconfirmed that persons who were
blind from youth onwards, and later regained their sight through an
operation, could not at first distinguish by eye even between such simple
forms as a circle and a square, until they had touched them.

Apart from this, physiological investigation teaches us that we can liken
by visual estimation, in a relatively precise and assured manner, only such
lines and angles in the visual field as can be brought, by normal eye mo-
tions, to form images in rapid succession at the same places on the retina.
Indeed, we estimate much more assuredly the true magnitudes and dis-
tances of spatial objects situated not too far off, than the perspective ones,
alternating according to viewpoint, in the visual field of the observer —
although the former task concerns the three dimensions of space and is
much more involved than the latter, which concerns only a surfacelike

* Handbuch der Physiologischen Optik | ‘Handbook of physiological optics’ ]; Vortrdge
iiber das Sehen der Menschen [ ‘Lectures on human sight’ ], in Vortrdge und Reden, vol. I,
pp- 85 and 265.

t [ ‘Kenntnis’ : note the end of the first paper in this collection, where Helmholtz contrasts
knowledge (‘Erkenntnis’) of a conceptual connexion and an intuitive acquaintance de-
riving from frequent observation.]

** Dufour (Lausanne) in the Bulletin de la Société médicale de la Suisse Romande, 1876.
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image. One of the greatest difficulties in drawing, as is well known, is to
free oneself from the influence involuntarily exerted by our representa-
tion of the true magnitudes of the objects seen. Now it is precisely the
situation described that we must expect, if our understanding of local
signs was first acquired through experience. We can assuredly become
acquainted with the alternating sensory signs for what remains objectively
constant, much more easily than with those for what alternates according
to every single movement of our body, as the perspective images do.

There is, none the less, a large number of physiologists whose view we
may term nativist, as opposed to the empiricist view which I myself have
tried to defend, and for whom this conception of an acquired acquain-
tance with the visual field appears unacceptable. This is due to their not
having got clear about what after all lies before us so plainly in the
example of speech, namely how much can be achieved by accumulated
memory impressions. For this reason, a host of various attempts have
been made to reduce at least some part of visual perception to an innate
mechanism, in the sense that certain impressions of sensation are sup-
posed to release certain ready-made spatial representations.

The nativist hypotheses about our acquaintance with the visual field
thus firstly do not explain anything, but simply assume the existence of
the fact to be explained while at the same time rejecting the possibility
of reducing this fact to definitely ascertained psychic processes, although
they themselves still have to appeal to the latter in other cases. Secondly,
the assumption of every nativist theory — that ready-made representations
of objects are elicited through our organic mechanism — appears much
more audacious and doubtful than the assumption of the empiricist

* See my Handbuch der Physiologischen Optik [op. cit.], 3. Abteilung, Leipzig, 1867.
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theory, which is that only the non-understood material of sensations
originates from external influences, while all representations are formed
from it in accordance with the laws of thought.

Thirdly, the nativist assumptions are unnecessary. The only objection
that one has been able to bring against the empiricist explanation, is the
assurance with which many animals move when newly born or just after
crawling out of the egg*®. The less mentally endowed they are, the
quicker they learn what they at all can learn. The narrower the paths
are along which their thoughts must go, the more easily they find them.
A newly born human child is extremely inept at seeing: it needs several
days before learning to judge, from its visual images, in what direction
it must turn its head in order to reach its mother’s breast. Young animals
are c