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Summary, The paper presents a translation of  excerpts 
from Fechner's (1887) paper "On the principles of  mental 
measurement and on Weber's law", which was his last and 
"most perfect" (Wundt) statement of  the assumptions un- 
derlying his outer psychophysics. Fechner maintains that 
all measurement, including mental measurement, rests on 
the principle that n magnitudes that are judged equal may 
be added and result in a magnitude n times as large as the 
individual magnitudes. He concedes that bisection meth- 
ods fulfill this principle as well as just noticeable differ- 
ences. Weber's law is not a necessary precondit ion of  men- 
tal measurement;  its validity is an empirical question rath- 
er than a matter of  principle. The differential threshold is 
not an inherent property of  sensation or attention, but de- 
pends on the unavoidable spatio-temporal noncoincidence 
of  stimuli and of  the sensations corresponding to them. 
Given this presupposition and assigning a value of  zero to 
the absolute threshold, it is possible to arrive at a scale of  
sensation differences, and thus of  sensations, from a scale 
of  difference sensations. 

1. My starting point is a principle which, I think, taken as 
a general principle of  measurement will not  be found ob- 
jectionable to a physicist or to a philosopher. 

Given several values, in any field, which may be taken 
to be magnitudes inasmuch as they can be thought of  as 
increasing or decreasing; given the possibility of  judging 
the occurrence of  equality and inequality in two or more 
of  these values when they are observed simultaneously or 
successively; and given that n values have been f ound  
equal or, if they can be varied freely, have been made 
equal: then it is self-evident (because it is a matter of  de- 
finition and therefore a tautology) that their total magni- 
tude, which coincides with their sum, equals n × their in- 
dividual magnitudes. It follows that each single value, or 
each definite fraction or each definite multiple of  the mag- 
nitudes that have been found equal (no matter which), can 
be taken as the unit according to which the total magni- 
tude, or every fraction of  it, can be measured. The n equal 

* Excerpts from: G. T. Fechner, (Jber die psychischen Massprin- 
cipien und das Weber'sche Gesetz. Philosophisehe Studicn, 1887, 
4, 161-230. The translated sections are on pages 178-198 of the 
original. 
** Footnotes indicated in the text by subscript numbers are trans- 
lated from Fechner's original German text; those indicated by 
subscript lowercase letters are the translator's comments 

parts that can be thought of  as composing a total magni- 
tude of  course have the same magnitude as the n equal 
parts into which the total magnitude can be thought to be 
decomposable. 

All physical measurement is based on this principle. 
All mental measurement will also have to be based on it, 
provided that the concept of  magnitude is applied to it in 
the above sense; and this is true, at any rate, for the mental 
magnitudes which will be dealt with in what follows. 
Whether or not it has wider application need not concern 
us here, as long as we are merely interested in the possibili- 
ty and justification of  mental measurement as such. 

Now, even in the field of  physics the use of  this princi- 
ple encounters the difficulty that the equality o f  two or 
more magnitudes can never be observed or produced with 
absolute precision. It follows that even the most accurate 
physical, geodetical, astronomical measurements, which in 
the last instance depend on determinations of  equality, are 
always open to a so-called probable error and perhaps also 
to a constant error. But this does not prevent all exact 
physical measurement from being based on the above 
principle. All that needs to be done in its empirical appli- 
cation is to mimimize the error of  single observations by 
using the highest possible resolving power of  the means of  
observation to compensate for the constant error whenever 
the field of  observation permits, and to increase precision 
by the multiplication and averaging out o f  the observa- 
tions - procedures which need not be considered in detail 
at the present moment.  All this will not give us absolutely 
exact measurements, but still the sort of  measurements that 
not  only will be sufficient in practice, where the measure- 
ment of  single objects is concerned, but also can lead to 
more general regularities on which a more general insight 
into the connection and succession of  physical objects is 
founded. And all this can be transferred to the mental 
field. Only the empirical application of  the general mea- 
surement principle is more difficult on the mental side and 
therefore the actual performance of  measurement accord- 
ing to the the existing methods of  psychophysical measure- 
ment is much less simple. In general, mental measurement 
is not  particularly relevant to practical life. But it has enor- 
mous scientific importance and far-reaching implications. 
First, because of the common subordination of  both the 
mental and the physical realms to the principle of  mathe- 
matical determination; and second, because of  the lawful 
relation between mental and physical magnitudes which 
automatically obtains when a mental measure is found. In- 
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stead of going ahead with generalities of this sort, we shall 
demonstrate the application of the principle in a particu- 
larly instructive and historically remarkable ease . . . .  

2. Leaving aside the first class of stellar magnitudes, which 
contains only the brightest stars of very different bright- 
nesses, astronomers find an equal differene in brightness 
between stars of second and third, third and fourth, fourth 
and fifth magnitude; in fact, they standardize the classes 
of magnitude in this way. To avoid the consequences of 
this fundamental fact, one might say the following. Either 
it is not equal mental, but equal physical (photometric), dif- 
ferences by which the different classes of magnitude are 
separated from each other; or it is only according to an 
old tradition whereby stars of different brightness are or- 
dered into classes, the equality of perceived differences 
playing no role in a matter in which sensation is not quali- 
fied to pass judgment. Granted that the same difference in 
brightness is perceived between two stars of the physical 
brightnesses A and B as between two other stars of the 
same physical brightnesses A and B; nevertheless, given 
three or more stars A, B, C . . .  in an increasing order of 
physical brightness, it will be impossible to tell whether the 
perceived difference in brightness between B and C is or is 
not equal to the difference between B and A, and in gener- 
al it will be impossible to establish the equality of perceived 
differences or difference sensations (expressions which I 
use synonymously) in different parts of the brightness 
scale. 

It is indeed necessary to make this distinction, and the 
entire question as to whether a mental measure is totally im- 
possible revolves around this very impossibility. However, 
the possibility of finding that the perceived difference be- 
tween brightnesses in one part of the brightness scale is 
equal to the perceived difference between brightnesses in 
another part of it is proved by the fact of the astronomical 
judgment of equality of such differences, and the two ob- 
jections labelled 'either" 'or' above are equally and deci- 
sively replaced by a 'neither" nor" 

In fact, the first objection - which says that the magni- 
tude classes of stars are ordered according to equal physi- 
cal or photometric, rather than according to equal mental 
or perceived, brightness differences - is definitely contra- 
dicted by the following. Long after the order of magni- 
tudes had been established by astronomers in accordance 
with the equality of perceived differences without any pho- 
tometric measurement, photometric examination carried 
out much later showed that what corresponds to equal dif- 
ferences in classes of magnitude are not equal differences, 
but, in the sense of Weber's well-known law, equal ratios 
of photometric brightness, which renders the course of 
stellar magnitude classes quite disparate from the course of 
their photometric values. Because this discovery was made 
much later than the ordering of stellar magnitudes, the 
other assumption (to which astronomers themselves would 
object strongly ~) was also rejected, viz., that the magnitude 
classes were initially distinguished by arbitrary convention 
only, barring any estimation of the equality of their dis- 
tances according to the judgment of sensation (i.e., ac- 

In fact, for the purpose of finer determinations, astronomers di- 
vide the differences among magnitude classes in tenths, without 
photometric assistance, and accordingly they add a decimal to the 
integer value of a star's magnitude 

cording to equally perceived differences) and that they 
were maintained by pure habit only. For it would have 
been a most unlikely coincidence if the fundamental law 
of psychophysics ( Weber's law) had been established pre- 
cisely in this way. 

Meanwhile we can do more, in this respect, than ap- 
peal to observations in the sky and mere improbability, be- 
cause indoor experiments with voluntary manipulation of 
physical brightnesses furnish direct proof  that difference 
sensations may be found to be equal in different regions of 
the brightness scale where the same fundamental law of 
psychophysics that was deduced from estimations of stel- 
lar magnitudes is corroborated within the limits in which it 
can presumed to be valid - this being one of the ways to 
establish Weber's law. It is easy to guess that I am referring 
to the Plateau-Delboeuf procedure which Wundt has 
named the 'bisection method, the essence of which consists 
in the following. Given two surfaces A, B, of different 
physical brightness, where B is brighter than A, then on the 
mental side some difference in brightness will be per- 
ceived. Whatever it may be, it will be possible to add an 
even brighter surface C and to modify its brightness until 
the difference in brightness between B and C appears 
equal, on the mental side, to the difference in brightness 
between A and B. Accordingly, we find in the three sur- 
faces A, B, Cthe circumstances obtaining for three stars of 
successively ordered magnitudes. Or alternatively: be- 
tween two surfaces, A, C, of different physical brightness a 
third surface B may be inserted in such a way that the total 
perceived difference in brightness between A and C may 
be fractionated into two equally perceived differences be- 
tween A and B and between B and C, and the total differ- 
ence between A and C can be considered to be measured 
as 2 if both of the two components are assigned the value 
of 1. Correspondingly, the perceived, and thus the mental 
difference between the second and the fourth stellar mag- 
nitude classes will be decomposable into the two differ- 
ences, ,perceived to be equal, between the second and the 
third, and between the third and the fourth magnitude 
classes, and thus it must be taken to be twice as large as 
each of these differences. 

Now it might be said that if the perceived difference 
between A and B has been found equal to the perceived 
difference between B and C, then it by no means follows 
that the total perceived difference between A and C, if 
compared directly, will exactly equal double the two par- 
tial differences perceived separately; it might be a totally 
indefinite function of both. But in fact this could not be 
said, because to do so would mean contradicting a tauto- 
logical sentence. Nor would it be possible to say in phy- 
sics: I f  three weights A, B, C are given and if the weight 
difference between A and B has been found equal to the 
weight difference between B and C, then it by no means 
follows that the weight difference between A and C is 
twice as large as those two partial differences. We simply 
call a total difference twice as large as each of the two 
equal partial differences of which it is composed, in the 
above sense, or into which it can be thought to be decom- 
posable; and I do not see any reason why in this respect 
there should be any difference between the mental and the 
physical fields. We also obtain the same advantages of  de- 
finiteness and computability in the mental, as in the physi- 
cal, field. Indeed, if we have an entire series of stars or sur- 
faces A, B, C, D . . .  whose physical brightnesses, as well as 
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whose perceived brightnesses, are ordered in an increasing 
sequence, and if the differences between A and B and be- 
tween B and C, and so on are perceived to be equal, then - 
if the objection is correct - one can only say that the men- 
tal differene between two more distant terms of the series 
would be greater than the difference between two nearer 
terms; but what is to be done with such a vague statement? 
However, following our conception, which is based on the 
general principles of measurement, every mental differ- 
ence can be expressed as a definite multiple of the differ- 
ence between the two nearest terms, and we shall know 
that if a perceived brightness difference is described as two 
or three times as large as another, then we shall find the 
former by interleaving two or three brightness differences 
equal to the latter; and this is a fact which admits conclu- 
sions that can be used in experimentation and computa- 
tion. 

In order to discuss how a measure of difference sensa- 
tions or of perceived differences can be found, I have ap- 
pealed to the estimation of stellar magnitudes and to the 
bisection method, whereby the equality of differences 
greater than the just noticeable difference is estimated• 
This has been because the discussion in this case seemed to 
me most easily comprehensible; however, one can also ap- 
peal to the method of just noticeable differences (which 
was my starting point in the "Elements"), because it 
proves for small perceived differences the same that is 
proved for greater differences by estimations of stellar 
magnitude and the bisection method, viz., that it is possi- 
ble to estimate the equality of mental differences in differ- 
ent regions of the stimulus and sensation scale; and, as 
was stated above, the possibility of measuring perceived 
differences depends on this precondition• In this respect 
the methods of bisection and of just noticeable differences 
(j. n. d.) complement each other to good advantage. True, it 
has been denied that it is possible to estimate the equality 
of very small, i. e., just noticeable differences; but, I think, 
to no avail• First, Weber's law can be tested only if this 
possibility is conceded, and if that is denied, the law could 
not have been established (within the limits for which it is 
valid) according to this method• Second, because the bisec- 
tion method has demonstrated that it is possible to judge 
the equality of larger perceived differences, certain theo- 
retical or empirical reasons should be given to show why 
this would not be possible beyond certain limits of small- 
ness; however, such reasons have not been given so far. 
Third, I can appeal to my own observations, where in or- 
der to establish Weber's law I have used the j. n. d. method, 
taking the utmost care in judging equal the small differ- 
ence in various regions of the stimulus and sensation 
scales• Of course, certain mistakes (such as observation er- 
rors) can occur in this procedure, but this is also true for 
the bisection method and in general for methods of obser- 
vation in any field; it is always necessary to reduce errors 
by multiplying observations and taking their average• 
• . .  Finally, even if all these reasons showing why equality 
judgments about just noticeable differences are possible 
were not found convincing, any remaining doubt would 
remain inconsequential, because estimations of stellar 
magnitude and the bisection method, where this possibility 
undoubtedly exists with respect to greater differences, are 
already sufficient to prove that a mental measure can be 
obtained• I have taken these proofs as my present starting 
point precisely because the objections raised against just 

noticeable differences cannot be raised against them. 
Nevertheless, taken from a different angle just noticeable 
differences still have advantages because it is easier to 
make the transition to differentials, which leads to the 
elaboration of general measurement formulae such as the 
fundamental formula• 

3. Thus it can be taken for granted that, based on equality 
judgments in different regions of the stimulus and sensa- 
tion scales at least for mental (that is, perceived) differ- 
ences or differene sensations, a measure can be found such 
that we can tell how often a smaller difference sensation 
(concerning more proximate physical magnitudes) is con- 
tained in a greater difference sensation (concerning more 
distant physical magnitudes). This is adequate for the gen- 
eral principle of measurement; and all philosophical coun- 
ter-demonstrations are, 1 think, mere writing in the sand. 

It can be remarked, though, that a measure of per- 
ceived differences does still not provide a measure of the 
sensations between which the difference is perceived; but 
we shall be able to show how we can arrive at the latter 
from the former. And even if it were not possible to reach 
the latter, still the former would provide us with a mental 
measure and thus the task of demonstrating its mere pos- 
sibility would have been fulfilled. At any rate, even if we 
do not arrive at a measure of sensation, and totally inde- 
pendent of it, a measure of perceived differences presents 
some interest even for the sake of practical applications, as 
has been demonstrated by the estimates of stellar magni- 
tude which are founded on it: at the same time a proof that 
it not only exists in theory, but has been realized, as it 
were, on the largest existing scale in the world. 

True, because sensations (with which we are dealing 
here) are evoked by physical stimuli and are specified by 
their relation to this source, their measure as well as the 
measure of the differences perceived between them can al- 
so be established solely with respect to this source• Thus, 
when talking about perceived differences between stellar 
magnitude classes (on which their gradation depends) we 
must refer to the stars that either fall into these classes or 
are specified by their physical light intensity. 

Indeed, if we know that equal difference sensations be- 
long to equal stimulus ratios, then all we have to do is to 
take as a unit the difference sensation corresponding to an 
arbitrary stimulus ratio in an arbitrary region of the stimu- 
lus and sensation scale, and to arrive at the n-times differ- 
ence sensation (d. s.) by multiplying the stimulus ratio n 
times by itself; which means that the d.s. referring to the 
initial and the final stimulus, at which we arrive by raising 
the power with the exponent n, is n times as great as the 
unit in question . . .  

Meanwhile it is imperative to stress that the measura- 
bility of difference sensations is by no means restricted to 
the validity of Weber's law, indeed, that in principle it has 
nothing to do with the law. Granted, for outer psychophys- 
ics, which includes all experimentally based mental mea- 
surement, beyond certain limits Weber's law is not valid 
enough to serve as the foundation of the mental measure; 
and for very small and very large stimulus magnitudes it 
seems to fail altogether. Well then, if it fails, it has to be 
discarded; and mental measurements have to be based on 
some other relation between mental differences and stimu- 
lus differences or ratios in the relevant parts of the stimu- 
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lus and sensation scales cor responding to each other, pro-  
v ided that it is revealed experimental ly.  

Nevertheless,  within the limits of  its approx imate  va- 
l idi ty - which are fairly wide for vision and very wide for 
hearing,  especial ly as far as the ord inary  use of  the senses 
is concerned - Weber's law still remains  the simplest  and  
most  impor tant  basis for the use of  the pr inciples  o f  men- 
tal  measurement  and for the der ivat ion of  the psychophys-  
ical formulae.  Its impor tance  increases if  it is conceded  
that,  as I myself  mainta in ,  the law can be t ransferred from 
external  stimuli, where it is only  approximate ,  to the psy- 
chophysical  excitat ion that  depends  on external  stimuli 
(and on such internal  stimuli as are present);  that  is, if  one 
concedes that it can be t ransferred from outer  to inner  psy- 
chophysics.  This is not  conceded by all ;  but  here we need 
not  touch upon  the relevant  controversy though in other  
respects it is extremely impor tan t ;  for the quest ion - with 
which we are dealing here - whether a mental  measure  is 
possible,  has to be decided exclusively on the basis of  facts 
from outer psychophysics.  

4. In  order  to attain a measurement  of  sensat ion from the 
measurement  o f  difference sensations or perceived differ- 
ences, some pre l iminary  considerat ions  are necessary. We 
must  deal with the existence and nature of  the so-called 
difference threshold and of  the sensation differences that  oc- 
cupy a middle  place between difference sensations and 
sensations. 

In fact, a difference between sensations,  in br ief  a sen- 
sation difference, may exist without  the difference entering 
into consciousness;  or, as I am wont  to express it, without  
being perceived, without giving a perceived difference or a 
difference sensation. The need for a dis t inct ion between 
sensation differences and difference sensations or per- 
ceived differences is immedia te ly  revealed by the follow- 
ing observation.  When  two sensations occur in different  
people ,  or when in one person one of  the two sensations 
has been forgotten while the other is arising, the real dif- 
ference between them, i.e., the sensation difference, how- 
ever great it may be, still will not  serve as the basis for a 
difference sensation,  because not  even a comparison of  the 
sensations is possible.  But even when we can make a com- 
par ison - for instance when two surfaces of  physical ly  dif- 
ferent brightnesses are s imultaneously present  in the visual 
field, or even when they are contiguous and when they 
p roduce  mental ly  different  brightnesses cor responding  to 
their  physical  difference - even with the highest degree of  
at tention we shall not  perceive a difference between them 
as long as the difference of  the physical  brightnesses does 
not  exceed a certain l imit:  the so-called difference thresh- 
old; or as long as their  ratio does not  exceed a certain li- 
mit:  the so-called ratio threshold. We may refer to either of  
the two thresholds because the one entails the other if  the 
stimuli are known between which the difference or the ra- 
tio in question occurs. Let us take, as usual,  the difference 
threshold.  One of  the most instructive and universal ly  ac- 
cessible examples  is the fact that  the stars are not  seen in 
daylight,  i.e., that they are not  dis t inguished from the sur- 
rounding  brightness of  the sky, as long as the difference in 
physical  brightness from the surrounding brightness does 
not  exceed the difference threshold.  

The existence of  the difference threshold certainly im- 
plies an estimation error. A difference between sensations 
depending  on stimuli of  different  i n t e n s i t y . . ,  does exist, 

but  it does not  seem to us to exist. One may ask the reason 
for this error. Without  having spoken directly on the topic,  
K6hler a . . .  can only f ind it in condi t ions  of  appercep t ion  
(attention). I f  I am not  mistaken,  he would  state the reason 
roughly as follows. A stronger stimulus difference (con- 
trast) is apperce ived  more  strongly, i.e., it ( involuntar i ly)  
provokes  stronger attention. I f  the st imulus difference falls 
below a certain limit, a t tent ion is weakened to such an ex- 
tent  that  the actual  difference is no longer perceived.  But 
this concept ion is not  in line with the fact that  the stars in 
the sky in dayl ight  remain  invisible even if  we voluntar i ly  
reinforce our at tent ion (which involuntar i ly  is but  weakly 
engaged) towards  certain places in the sky as s trongly as 
possible.  Thus, I bel ieve that  the reason must  be found 
elsewhere. First,  however,  I shall ment ion  other  cases 
where the sensation difference is est imated erroneously 
and where the reason for the error  is very obvious;  this will 
make  it easier to arrive at the reason for the error in the 
difference threshold.  

Let two stimuli A, B be appl ied,  in succession, to the 
same place in a sensory organ. Depend ing  on whether  A 
precedes  B or  vice versa, the size of  their difference will be 
perceived differently.  First,  because we can compare  the 
earl ier  sensation to the later  one only in accordance  with a 
memory  of  the former which is not  entirely pe rmanen t ;  
and  second,  because the state of  the sensory organ on 
which its sensitivity depends  has been modi f ied  by  the ac- 
t ion of  the preceding stimulus, and  this in a different  way 
when either the stronger or the weaker  stimulus comes 
first. I f  these circumstances occur in a regular  fashion in 
methodica l  experiments,  they form the basis of  the so- 
cal led time error. In addi t ion ,  we have the so-called space 
error, when the different  stimuli act on different  places of  
the sensory organ and the different  places are endowed 
with different  sensitivity. In  general  the c i rcumstance that  
the stimuli on which sensations of  different  magni tude  de- 
pend,  and  thus the sensations themselves do not  coincide 
with respect to space and t ime and thus do not  direct ly su- 
pe r impose  upon  each other, leads to errors in est imating 
their  difference. Abou t  these errors I say, in short, that  
they depend  on a spa t io- tempora l  difference. 2 

Now,  among the influences of  constant  t ime and space 
errors upon  the est imation error  we have to distinguish, in 
accordance  with their direction, an influence upon  the di- 
rect ion of  the est imation error,  and  in accordance  with 
their  size, an influence upon  the size of  the est imation er- 
ror. I f  we proceed  methodica l ly  with a combina t ion  of  ex- 

a Reference is made to a paper by Alfred K6hler (1886) containing 
a criticism of formulations of the psychophysical law from a 
Wundtian viewpoint. Whenever Fechner engages in a discussion 
of K6hler's paper, he is in fact criticizing Wundt's "psychologi- 
cal" interpretation of psychophysical measurement 

2 In speaking of spatio-temporal differences of sensations and of 
the stimuli on which they depend, I employ a shorthand expres- 
sion meaning that there is either a spatial or a temporal difference, 
or a difference in the sensations and stimuli both in space and in 
time. Now, to speak of spatially localized mental activities or 
phenomena may be thought to be incompatible with a stringent 
metaphysical conception (if there is any at all) of the mind and of 
space. Well, it does not matter here. Just take spatially distinct 
sensations to mean such sensations that depend on spatially dis- 
tinct psychophysical excitations. But then you also ought to deny 
that the thought and sensations of different people and of crea- 
tures on different planets are localized differently in space 
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per iments  involving opposi te  t ime and space posit ions,  the 
former influence may be made  good to such an extent that 
it may be considered to have been removed in the aver- 
aged results. But even then the second kind of  error  re- 
mains and it cannot  be made  good  as long as the spatio-  
tempora l  difference continues to exist. However ,  such a 
difference is bound to exist with sensations of  the intensive 
class (with which we are here concerned all the time), if  the 
sensations are to be dist inguished at all, because otherwise 
they would merge indiscr iminately.  Thus, the possibility of  
d iscr iminat ion at the same t ime is responsible  for the error 
of  discr iminat ion.  

Accordingly,  my opin ion  3 is that the existence of  the 
difference threshold (or of  the ratio threshold)  is based on 
the non-removable  spat io- temporal  non-coinc idence  of  the 
stimuli and thus of  the psychophysical  excitat ions on 
which the different sensations considered here depend;  
and  my opinion rests on the fol lowing three reasons. First, 
it is connected,  in the way described,  with the unassai lable  
concept ion of  the constant  t ime and space errors, and  
serves only to make it complete.  While,  depending  on the 
different  t ime and space posi t ions which are possible  only 
in virtue of  their  non-coincidence,  the constant  t ime and 
space errors give rise to deviat ions from the true sensation 
differences in opposi te  directions, both posi t ions have this 
in common,  that a non-coinc idence  exists at all. And  this 
leads to another  common factor,  viz., that a deviat ion 
from the true magnitude of  the difference occurs, where 
the difference threshold comprises  just the special l imiting 
case that a very small real difference appears  to us to be 
altogether absent, while greater  d i f f e r e n c e s . . ,  appear  only 
diminished.  Second, in fact the size of  the difference 
threshold essentially depends,  among others, on the spa- 
t io- temporal  circumstances o f  the stimuli and,  all other 
things being equal ,  it increases with the spa t io- tempora l  
difference. In extreme cases, where different  sensations oc- 
cur in different  people,  or where one sensat ion has been 
forgotten when the other arises, this leads to the impossib-  
ility of  discrimination because of  the impossibi l i ty  of  com- 
parison. Third, our opin ion  must be based on the direct  tes- 
t imony  of  experiments  in the area of  extensive sensations. 
Here relevant  experiments  are directly possible,  and  they 
may  be t ransferred natural ly  to the area of  intensive sensa- 
t ions where relevant  experiments  are not  feasible. In  the 
extensive area, we can observe two rulers either separately 
or super imposed  without their  being fused indiscr iminate-  
ly, which latter is not feasible in the intensive field. Thus, 
in order  to start from definite ideas, let there be two undi-  
v ided rulers, one of  them 100 lines b and the other 101 lines 
long. Let us first think of  them as being kept  apar t  and 
preferably,  in order  to avoid any approx imat ion  to coinci- 
dence, as being arranged in such a way that one of  them 
forms the pro longat ion  of  the other. In general ,  it will then 
be impossible  to notice the small  difference existing be- 
tween them by moving the eyes back and forth between 
them. 4 If  our opinion is correct, the difference must be no- 

t iced at once if the two rulers are super imposed  in such a 
way that one of  them stretches out 1 line beyond  the other;  
and  in fact even differences much smaller  than 1 line are 
not iced,  the difference between the rulers being not iced as 
easily as if it were a spatial  magni tude  in itself. 

Perhaps the fol lowing object ion will be made.  When,  
looking at two separate  rulers with little or  no length dif- 
ference between them, I am uncerta in  whether  or not  one 
of  them is longer than the other, it does not  follow that  I 
judge  them to be equal, and the analogy ment ioned  above  
is not  appropr ia te  inasmuch as the difference threshold de- 
pends  on a real judgment of  equality about  stimuli and  the 
sensations depending  on them which differ  little from each 
other. But in fact in this respect intensive stimulus magni-  
tudes present  a state o f  affairs no different  from that  of  ex- 
tensive lengths. When I lift two weights of  little or no dif- 
ference either s imul taneously  or successively, or when I 
observe two surfaces of  little or no difference with respect  
to physical  brightness either after each other or one close 
to the other, there is as little chance of  absolute equality 
judgment of  magni tude  as with separate  rulers, but  only an 
uncertainty corresponding to that  with length compar i -  
sons; natural ly  enough, because the same cause is present,  
that  is, spat io- temporal  noncoincidence.  F rom this poin t  
of  view we may take it as a case o f  infini tely large differ- 
ence threshold when, in relat ion to two sensations occur- 
r ing in two different  people ,  each of  them remains  uncer-  
tain whether his sensation is the same as the other 's  sensa- 
t ion,  or whether it deviates from it in one direct ion or the 
other. 

Incidental ly ,  as was ment ioned  above,  even in the field 
o f  physics our most accurate measurements  depend  on 
equali ty determinat ions  and are s t i lLprone to p robab le  er- 
rors, which are present  though they may  not  have been 
computed,  and which prove an uncer ta inty  in the determi- 
nat ion of  equali ty cor responding  to that found  in the men- 
tal field. 

Having set out the above three reasons,  I am incl ined 
to believe that some confidence can be given to my view 
about  the nature of  the difference threshold . . .  

5. It has been shown above that in order  to obta in  a mea- 
sure of  the difference sensations we need not  know Web- 
er's law or any other psychophysica l  law in advance ;  how- 
ever, once Weber's law has been establ ished for some re- 
gion of  a mutual ly  related stimulus and sensation scale 
(briefly, of  a psychophysica l  scale), then within the rele- 
vant  region of  the scale the measure  can be based on it. 
This will be assumed in all that  follows. 

Now,  if  Weber's law could be t ransferred f rom differ- 
ence sensations to sensation differences,  then in the same 
way as was previously shown for the former  we could ob- 
tain a measure for the latter. Such a t ransference seems to 
be permissible  from the fol lowing viewpoint .  The val idi ty  
of  Weber's law presupposed  the e l iminat ion  of  constant  
t ime and space errors;  and  under  this presuppos i t ion  Web- 

3 This viewpoint was not clear to me earlier, and therefore it has 
been formulated and justified here for the first time 

b A "line" is an antiquated length measure amounting to 1/144 of 
a foot; in the "Parisian" system probably followed by Fechner it 
measures 2.25 mm. See Scheerer (1987) for another use of the 
"line" measure 

4 That length or distance differences that are too small are not re- 
cognized is proved most strictly by experiments with the adjust- 
ment method, where the task is to make equal two immediately 
adjacent lengths or distances. Here, the so-called pure average er- 
ror remaining after the elimination of random and constant errors 
can arise only because it has not been recognized; otherwise it 
would not be committed 
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er's law is val id for difference sensations independently of 
the size of  the difference threshold.  5 Thus, it can also be 
c la imed in the special case where the difference threshold 
falls to zero (and the ratio threshold falls to 1), the estima- 
t ion error dependent  on it is abol ished,  the difference sen- 
sat ion coincides with the sensation difference, and  the 
measure  appl icable  to difference sensations becomes ap- 
pl icable  in the same way to sensation differences . . .  

For  example,  when Weber's law is conf i rmed for three 
stars of  the physical  brightnesses A, B, C such that  given 
equali ty of  B / A  and C/B, the difference sensation relative 
to A, B is found equal to the difference sensation relative 
to B, C, then after t ransferr ing Weber's law from differ- 
ence sensations to sensation differences it is permissible  to 
conclude that the sensation difference relative to A, B is al- 
so equal to the sensation difference relative to B, C. Thus, 
we can obtain a measure for sensation differences in exact- 
ly the same way as has been obta ined  for difference sensa- 
t ions,  and it does not seem necessary to e laborate  on this 
again. However,  an occasion for an e labora t ion  of  this sort 
will automat ical ly  present  itself in Section 6. It can easily 
be seen that a unit  of  its own kind underl ies  the measure of  
sensation differences in the same way as it underl ies  the 
measure of  difference sensations;  only the two are differ- 
ent. Yet in order  to arrive at a measure of  sensation differ- 
ences it is by no means necessary to know the relation in 
which the unit  of  sensation differences stands to the unit  of  
the difference sensations. For  both it is sufficient to be able 
to determine the relat ion of  the single measurements  to the 
arbi t rar i ly  chosen unit  of  their  kind. 

Nevertheless,  I take this occasion to note that  accord- 
ing to a process not to be reproduced  here . . . .  I f ind the 
following. I f  R l, R 2 are two different  stimuli, c and  if v 
means the ratio threshold depending  on the spat io tempo-  
ral condi t ions of  st imulation,  and k a constant  which is in- 
dependent  of  the absolute stimulus magni tudes  and depen-  
dent  on the arbi t rary  sensation unit,  then one obtains for 
the sensation difference U and the cor responding  differ- 
ence sensation u the fol lowing equat ions:  
U = k log (R2/RI); u = k log (R2/R Iv); U - u  = k l o g  v. 

The formula  for U corresponds  to my difference formula,  
and  the formula  for u corresponds  to my difference mea- 
surement formula.  

It follows from the equation for U - u  that  in general  
the sensation difference Uexceeds  the difference sensation 
u by a certain quanti ty which is p ropor t iona l  to the loga- 
ri thm of  the ratio threshold v, but  coincides with the latter 
when the ratio threshold equals 1, which means that  the 
difference threshold equals 0. 

It should be noted that  the a l terat ion undergone  by the 
real sensation differences in their  t ransformat ion  into per- 
ceived differences under  the influence of  the spat io- tempo-  
ral non-coincidence of  the stimuli,  and  thus by the sensa- 
tions, does not  apply  to the sensations themselves. Their 
difference being judged  erroneously,  the sensations remain  
what  they are at the moment  of  their format ion  and 

In fact, in different people, under different conditions of sensi- 
tivity, and under different spatio-temporal circumstances the dif- 
ference, as well as the ratio threshold assumes different values 
without excluding the validity of Weber's law in such circum- 
stances 

The notation for stimuli is R, as an abbreviation of the German 
word Reiz 

throughout  their dura t ion ;  and  with respect to them we 
need not  make a corresponding dist inct ion between differ- 
ence sensations and sensat ion differences - natural ly  
enough,  because the motive for such a dist inct ion,  the spa- 
t io - tempora l  non-coincidence,  ceases to exist for every 
sensation in part icular .  Every stimulus, as well as the psy- 
chophysical  exci tat ion and the sensation depending  on it, 
coincides with itself throughout  its durat ion.  As long as we 
do not  explici t ly compare  two sensations with each other, 
which only happens  in except ional  cases in ord inary  life, 
every sensation exists correctly for itself as it is, and  thus 
their  difference exists correctly as it is. The comparison of  
two sensations, in order  to achieve awareness of  their 
equali ty or difference, cannot  happen  at once during per- 
cept ion of  them, and in memory  each of  them may  be 
judged  incorrect ly against  the other;  for we must go right 
beyond  the second sensation in memory,  at the very mo- 
ment  when we pass on from its immedia te  percept ion  to its 
compar i son  with the first sensation. 

Now one could say the following. The sensations may 
be modif ied,  if  not  by spa t io- tempora l  circumstances,  by 
appercept ive  (at tentional)  circumstances.  Consequent ly ,  it 
is necessary to dist inguish apperceived sensations,  that  is, 
sensat ions that have been cal led into consciousness by at- 
tent ion and have thus increased in clarity and intensity, 
f rom sensations that are not  yet apperceived,  but  do exist 
in the mind. I f  we do not  pay  at tent ion to a stimulus ca- 
pab le  of  provoking a sensation,  the sensation can vanish 
entirely from consciousness,  and  if  we do pay  attention,  
the sensation may enter consciousness with various clari ty 
and intensity, depending  on the degree of  attention. Well,  
first, in the case when the sensat ion entirely vanishes from 
consciousness,  I say: it is not  there;  though there may be 
an incomplete  psychophysica l  condi t ion  for its appear-  
ance;  and in the second case I say: it is present  with exact- 
ly that  clarity and intensity bestowed on it by the degree of  
at tent ion pa id  to it. However,  to speak of  a sensation 
which, owing to insufficient at tention,  vanishes in such a 
way from consciousness that we neither  can say anything 
of  its quality,  nor  can compare  it according to its quant i ty  
with other sensations of  the same kind,  as a sensation 
nevertheless existing in the mind:  this seems to me to be 
using language which leads to obscuri ty and the incompre-  
h e n s i b l e . . .  

6. On the basis of  one fact and one simple mathemat ica l  
theorem,  the measurabi l i ty  of  sensations follows from the 
measurabi l i ty  of  sensation differences. 

First,  the fact of  the simple stimulus threshold, which is 
analogous  to the fact of  the difference threshold,  and  ac- 
cording to which a stimulus capable  of  p rovoking  a certain 
k ind  of  sensations must exceed a certain magni tude,  i.e., 
the stimulus threshold,  before the sensation begins to be 
felt, and thus to exceed the zero value of  a real sensation. 
We can investigate the reason for the stimulus threshold as 
we have investigated the reason for the difference thresh- 
old,  and we shall have to come back to this question,  a but  

d The discussion of the stimulus threshold (i.e., the absolute 
threshold) is contained in Section 9 of the original paper (pp. 
202-207), not translated here. It leads to the conclusion that the 
absolute threshold is a "mixture threshold" arising from the fact 
that the sensory system is never in a state of absolute rest; as a 
result, the excitation provoked by a stimulus mixes with, and must 
be separated from, the internal psychophysical excitation present 
at the moment when the stimulus is applied 



at present  we are deal ing with a fact that  certainly exists. 
The mathemat ical  theorem is this: the differences of  given 
values from zero coincide with the values themselves, i.e., 
a - O =  a, b -  O = b, and so forth. 

Let there be, within the limits of  the val idi ty  of  Weber's 
law, an ascending series of  arbi t rar i ly  modif iab le  stimuli 

A , B , C , D , E . . .  

to which belong the modif iab le  sensations 

a , b , c , d , e . . .  

Then by changing the values of  the upper  series we shall be 
able to make 

B / A  = C / B  = D / C  etc., 

that  is, that according to Weber's law the relevant  differ- 
ence sensations are made  equal. Because Weber's law can 
be t ransferred from difference sensations to sensation dif- 
ferences, the successive sensation differences 

b - a , c - b , d - c , e - d  

will also be equal. Accord ing  to our  general  measurement  
pr inciple ,  the sensation difference between any term of  the 
series, say c, and the upper  final term, in brief, the sensa- 
t ion difference e - c will then be composed  of  two equal 
sensation differences d -  c, e -  d, and thus it will be twice 
as great as any o f  them. First,  then, we obtain a measure  of  
the sensation difference e -  c, p resuppos ing  d -  c as unit ;  
for we shall be able to say that  the sensation difference e - 
c = 2, if the sensation difference d -  c is put  at 1. The same 
will also remain  true if, given the equali ty of  the successive 
stimulus ratios on which the equali ty of  the successive sen- 
sat ion differences depends,  one of  the sensations,  say 
again c, has the value zero and thus C has the threshold 
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sat ion differences depends,  one of  the sensations,  say 
again c, has the value zero and thus C has the threshold 
value:  a case which can always be real ized if  the stimuli 
are modif iab le  at will. In this case, too, e -  c will be twice 
as great  as d -  c, and  consequent ly  e will be twice as great 
as d, because c = 0. And  if  the series of  capital  and  lower 
case letters should be extended,  in the same manner ,  be- 
yond  E and e, fol lowing the same der ivat ion the sensation 
f b e l o n g i n g  to the stimulus F w o u l d  be three times greater  
than the sensation d, and  thus the pr inciple  of  a sensation 
measure  would be fulfilled. 

Granted ,  this der ivat ion of  the sensat ion measure  
seems very complicated,  while the measurement  formula  

E = k l o g  (R/R) ,  

which is impl ied by it and where R is the threshold value 
of  the stimulus, is very simple, However ,  here we were es- 
sential ly and exclusively concerned with a clar if icat ion of  
the pr incip le  of  sensation measurement ,  and for this pur-  
pose  we could not  appeal  to the measurement  formula ;  the 
der ivat ion of  the formula  had to be made  on the basis of  
the measurement  pr inciple  only. 

[There follows a defense of  negative sensations and their  
interpretat ion.]  
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