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Abstract

Following lrief sumneries of the overlapping lives of Herbart, E. H. Weber, Fechner, andHelmhaltz,
it is srown that Herbart and Fechner agreed abou the nature of mental science in three particular
ways. First, bah adoped ideas abaut force andenergy from the physical sciences; Herbart's interplay
of Vorstellungen assumed that equili brium states were attained when oppaing forces balanced o,
while Fedchner’s notion o brain oscillations was based on the idea that to evey action there
corresponckd areaction. $oond, bah assumed that Vorstellungen could be assgned magntudes, but
Fechner was far more cncerned than was Herbart with the problem of how to measure those
magritudes. Third, the threshold of consciousness was defined in mathematical terms by Herbart,
whereas the absolute threshold assciated with a sensation magntude was feaulated abod in
physiological terms by Fechner.

In order to show both hav Herbart and Fechner tried to base their respedive theories
of mind o the physics available to them, it will be useful first to outline their respedive
biographies, alongwith those of E. H. Weber and d H. von Helmhaltz. This will enable usto
gain an owerview of how the lives of these pionea psychdogists overlapped, and, more
important, to relate their life-stories to ore of the most important innowations in the history of
physics, namely, the enurciation d the principle of the mnservation d energy.

Johann Friedrich Herbart (17761841) spent his childhoodin Oldenburg, and showed
precocity in music and in philosophy. He studied with Fichte & Jena, where he expressed
disstisfadion with Fichte's view that the ‘self’ could be mnsidered to be aprimitive unit in
the mnstruction d a scientific psychdogy; for Herbart, the self was a produwct of the laws
determining the formation and interadions of Vorstellungen. He becane a successul
educaor, both as a private tutor in Switzerland, and as a faaulty member at the University of
Gottingen. In 1809 at the age of 33, he was awarded the Chair of Philosophy at K&nigsberg
that had orce been occupied by Kant. In 1811and 1812 he wrote several articles that
presented the founditions of his mathematicd psychdogy; it was presented as afull system in
Part 1 o his as yet untrandated Psychoogie als Wisenschaft [Psychoogy as <ience
(Herbart, 18241890. In 1832 disappanted at not having keen awarded the Chair of
Philosophy at Berlin (following Hegel' s deah), Herbart returned to Goéttingen, where he
resumed the ledures on educdiona psychoogy (pedagogy) whose reputation hed na
diminished duing his absence (Fliigel, 19052001).

Ernst Heinrich Weber (17951878 had two famous brothers, Wilhelm Weber, the
physicist, and Eduard Weber, the physiologist. In 182Q Ernst Heinrich oltained a teading
position at Leipzig, where, among his gudents in physiology and anatomy, was to be found
Fechner. Wilhelm and Ernst Heinrich made their joint reputation bythe first demonstration o



inhibition in the nervous g/stem; then Ernst Heinrich made a individual reputation for
himself by becoming the undsputed expert on the sense of touch and related cutaneous and
kinesthetic sensations. In the murse of comparing the sensitivity of various nses, he
discovered Weber's Law. He retired from the Chair of Physiology in 1866and from the Chair
of Anatomy in 1871 The most useful life of Weber in English is that of Kruta (1976, while
Weber's two bools on the touch sense have been translated by Ross and Murray (Weber,
1834 18461996.

Gustav Theoda Fechner (18011887 studied medicine & Leipzig before teading
physics there from 1824to 1839 He had to resign de to ill nessbut recovered in 1843 His
views on his invented science, psychophysics, were formulated in the two vdumes of his
Elemente der Psychophysik (Fechner, 18601964, of which ony the first is available in
English, as Elements of psychophysics (Fedner, 18601966. He wntinued to write on
psychophysics urtil the end d his life, and also made important contributions to experimental
esthetics and to statistics. Heidelberger (19931) has provided an acourt of Fechner's carea
asascientist.

Hermann von Helmholtz (18211894 studied medicine in Berlin under Johannes
Miller and formed part of the so-cdled “1847schod” of physiology that also included Karl
Ludwig, an expert on circulation, and Ernst Briicke, who later taught Freud. At the aye of 26,
Helmhadltz produced the aticle on the principle of the mnservation d energy that made him
famous. He moved to Kénigsberg in 1849 to Bonn in 1855 to Heidelberg in 1857 and
finally to Berlin in 1870 The yeas at Bonn and Heidelberg saw the pubicaion d the three
volumes of his Handbook of Physiological Optics (1856186719245) and d his Sensations
of Tone (18631954. He spent his fina yeas <gudying theoreticd physics, notably
thermodynamics, and ore of his gudents, H. R. Hertz (18571894, was a pioneq in the study
of radio waves.

Herbart and Fechner were in besic agreement that the study o mental science had to
be modeled on phyicd science In Herbart's time, the Newtonian principles of medanics, as
enurciated in his Principia (Newton, 16871999, had been applied to cosmologicd events
with grea successand Herbart explicitly stated his ambition to adapt Newton's theory to the
explanation d the risings and fallings of Vorstellungen into consciousness (Boudewijnse,
Murray, & Bandamir, 1999. The oncept of the mnservation d mechanicd energy would
have been familiar to him, and so would the principle of the conservation d mass the latter
had been discovered by A.L. Lavoisier (17431794 in 1774 and stated most explicitly in
1789

During Herbart's lifetime, hea generation by the mecdhanica motions of engines had
been studied by Sadi Carnot (17961832). After Herbart's degh in 1841 James P. Joule
(18181889, in 1847 demonstrated that an eledric current generated equal amourts of hea
and work. Also in 1847 Helmhdltz, following hs dudies of the hed generated by
contradions of muscles, and linking his work with that of Joule and aher physicists aswell as
that of K.F.W. Ludwig (18161895 and aher physiologists, formulated the general principle
of the mnservation d energy. Later, Helmholtz aknowledged the priority of JR. Mayer
(18141878, who had annourced the law, unheralded, in 1842

Herbart and Fedhrer, therefore, agread insofar as they though that mental adivity
(and its underlying krain adivity) took dacewith constraints determined by the total forces
(Herbart) or energy (Fechner) involved. They differed as to what shoud be the first step
towards a psychdogicd science with Herbart favouring a purely mathematicd approach
based on the evidence of mental experience, and Fechner favouring a more physiologicd
approach. They aso agreed that, when psychologicd entiti es (Vorstellungen) were the subjed
of scientific discourse, Vorstellungen could be mnsidered to vary in magnitude. And, finally,
they agreed that there were mnstraints such that the word ‘threshold’ was an appropriate



descriptor of the cndtions determining a boundxry state. We now elaborate on these three
topics of agreement.

1 ‘Energy’ in mental science

In Newton's physics, changes of location are described in terms of movements that are
the result of forces (usually, mechanicd or gravitational) ading onmaterial bodes in such a
way as to cause the movements. When a mechanicd forceis applied to abodyA by abodyB,
the force on A is described as being gven by the massof B multiplied by B’s acceeration,
which in turn is most easily described as being a rate of change of the rate of change of
location with time. Newton and Leibniz developed the differential cdculus that describes sich
rates of change.

When a number of forces adt in concet on a few bodes, dl the bodes are set in
motion bu chaos is prevented by the fad that some forces balance the dfed of others and a
state of equilibrium is arrived at. The solar system is an example of a number of bodes
(planets) held in equili brium with resped to the sun becaise its gravitational force has
balanced the mechanicd forces that had initialy determined the paths and velocities of the
planets.

Herbart adopted Newton's terminology urebashedly. In ore's mind a any moment,
there cexist a small number of Vorstellungen that can be c-experienced mentaly. As on
as a new Vorstellung enters the mind, it sets up a disruption that is resolved when all the
Vorstellungen, including the new one, arrive & an equili brium state which, nealy always, is
fledingin duration because more new Vorstellungen enter the system to disrupt it once aain.
Ead Vorstellung is ascribed a magnitude and eath pair of Vorstellungen is ascribed a number
between zero and ore inclusive that indicaes the degree of oppaition between the two
Vorstellungen. The energy released when two or more Vorstellungen clash was dipulated to
congtitute an ‘inhibition sum’ that was then dstributed among the involved Vorstellungen
propationaly (an ‘inhibition ratio’). The inhibition sum weighed down onall the involved
Vorstellungen like aburden [Last in German]. One or two Vorstellungen might be driven
down in magnitude by the burden to such alow level that, even thoughthe strugde cntinued,
and the mntending forces could be described as austaining a state of ‘tension’ or ‘striving,
the Vorstellungen themselves could nolonger be cnsciously experienced

But they were not erased. They could orce aain be mnsciously experienced. One
way in which this could happen (the ‘unmediated’ way) was for the burden to lift so rapidly
that the propartion that they receved o that burden was © light that they resurfacel into
consciousness Ancther way (the ‘mediated” way) was for a Vorstellung (currently nat
consciously being experienced) to have been fused in the past with ancther Vorstellung
(currently in consciousnesy); the former could then be pulled upinto consciousness by the
latter.

Herbart used the word ‘statics' to refer to the processes involved in arriving a an
equili brium state and he used the word ‘mechanics to refer to the processes whereby
Vorstellungen rose aove, or fell down to, amagnitude level such that they could nolonger be
consciously experienced. This level would be just above or at zero and Herbart cdled it a
threshald level [Schwell€e]; he adually defined more than ore kind d threshdld. The risings
and fallings were like movements [Bewegungen] in Newtonian terminology. But Herbart's
system differed from that of Newton insofar as accéeration had no analogue in Herbartian
terminology, because Herbart' s Vorstellungen lacked inertia (Drobisch,18501972 pp. 136-7)

Fedhner (18601964 Vol. 2, Chapter 42) seized on ore particular law of Newton, the
law that to every adion, there is an equal and oppaite readion. Fechner maintained that any
mental exertion recessrily invalved an expenditure of energy that would be compensated for



by a mental relaxation. But, because mental states depended on brain states, these dternations
of exertion and relaxation could be though of as caused by physicd oscill ations taking gace
in brain matter.

2. M easuring the magnitude of Vorstellungen

Heidelberger (19931) has tracal in detail the fate of Fechner's suggestion that mental
magnitudes could na only be quantified, as Herbart had suggested, but also be measured (by
the various psychophysicd methods). There was gred resistance in Europe to this nation, but
one result of the mntroversy was that Ernst Mach (18381916 brough considerable darity
into that branch of mathematics now known as measurement theory. But the problems of
measurement had been reagnized by scientists well before Fechner’'s time; one of the most
interesting ealy treaments of the topic was that of Whewell (18471967, vol. 1, pp. 319-322),
who hed dstingushed between extended magnitudes (such as gatial distance or time
elapsed) and intensive magnitudes (such as degrees of warmth or shades of rednesg. Even
Kant had expressed scepticism that mental magnitudes could be measured (Leay, 1980.

Herbart evaded the question d how Vorstellungen could be measured; in fad, in his
article onthe dark side of pedagogy, Herbart (18121888 had confessed that he muld na see
how a mathematicd theory that succesdully predicted the rise and fal of Vorstellungen in
and ou of consciousnessover the murse of afew seands could ever be gplied to the long
range forecating d a student's future performance & a schdar. He himsdf did no
experiments because he suspeded that there were no psychologicd laws (other than thase of
his gatics and mechanics) that would always be valid (Boudewijnse, Murray, & Bandamir,
2001).

On the other hand, Fechner (18601964 Vol. 2, Chapter 36) sharply distingushed
between the quantification problem and the measurement problem. He spedfied that there
was a distinction between inner psychophysics and ouer psychophysics. The problem of
measuring sensation magnitude was a matter for outer psychophysics, where the experimenter
could cortrol the stimulus intensity, and the participant would provide an overt resporse. The
obtained measurements could be though of as contaminated by ‘constant errors’; in
judgments of the heaviness of lifted weights, for example, there was a ‘time aror’ (the
undesired effeds of the time dapsing ketween the presentation o the standard stimulus and
the omparison stimulus) and a ‘space eror’ (artifads arising from left-handed versus right-
handed lifting).

His quantification d sensation magnitude gplied to inner psychophysics, where a
neureledric response gave rise to a mnsciously experienced sensation. He believed that the
logarithmic transformation whereby stimulus magnitude was transmuted to sensation
magnitude took dace & the brain interfacebetween the neural and the mental. Heidelberger
(1993h has down howv what we cdl ‘Fedchner's Law’ was naot though of as a scientific law
by Fedchner himself; it is a ‘measurement formula (Massformel) that talks abou how one
magnitude (neureledric) can be mapped orto another magnitude (sensation).

Both Herbart and Fechner clealy understood that amost all sensory and mental
experiences invave two or more Vorstellungen. Herbart stressed that, when ore Vorstellung
oppeased anather, the other resisted the oppasition; no Vorstellung becane zeo when orly ore
oppecsed it. The total energy involved in the strugde was determined by the magnitude of the
small er Vorstellung, much as a small er boy hes to exert far more energy than abigger boyin a
fight between the two. So, for Herbart, the posgbility that a single Vorstellung could even
exist was afiction, athoughafiction frequently resorted to for teating pupases only.



For Fechner, the expasition d his measurement formula demanded that the magnitude
of the sensation keing studied be measured with relation to a particular starting pant, the so-
cdled ‘absolute threshald.” This was mathematicdly necessary because, if a stimulus has a
strength of 0.5, the logarithm of 0.5 is a negative number; Fechner strugded all his life
against critics who thougtt that his theory implied the existence of ‘ negative sensations.” But
if a stimulus has a strength greder than 1, the problem is avoided; and since aperceptible
stimulus intensity is necessarily greder than its correspondng absolute threshold intensity,
so-cdled negative sensations cannd arise. The wnreded story of how psychologists came to
recognize over the ourse of the late nineteanth century, that areported ‘ sensation magnitude’
might better be termed a ‘ sense distanc€ has been told by Nicolas, Murray, and Farahmand
(1997.

3. The moncept of ‘t hreshold’ in Herbart and Fechner

It was noted abowe that, in Herbart's theory, the inhibition sum engendered by three
Vorstellungen can be so strongthat the weaest of the three ca have its magnitude reduced to
zeo o just above. When this happens, that Vorstellung can be said to have readed what is
Herbart cdled a staticd ‘threshold of consciousness. He distinguished this from a lower-
valued ‘mechanicd threshald’, both thresholds having pasitive values (Drobisch, 18501972
pp.1745).

Herbart also described the exad relationship that the wedkest Vorstellung would have
to bea to the other two Vorstellungen if the wedkest were indeed to be driven as low as the
staticd threshold. He cdled this the ‘threshdd equation’ and separate threshold equations
have to be provided for separate situations. For example, the equation for three Vorstellungen
is different from that for four Vorstellungen or for situations where Vorstellungen are fused.

The point is that, for Herbart, a threshold is esentially a value on a mathematicd
continuum that may be labeled ‘Vorstellung magnitude’ . Its valueisclose to o at zero (but is
not negative); whether or not an individual Vorstellung will ever fal as far as that value
depends on the Vorstellungen and fusions of Vorstellungen currently co-existing in
consciousness Hence, for Herbart, athreshdd is defined in terms of mathematics only.

According to Fechner (18601964 Vol. 1, p. 238), the word ‘threshold’ was adopted
from Herbart, but Fechner used the word mainly for referring to sensation magnitudes and,
becaise he neaded a unit value that would ensure that any scde of sensation magnitude did
not incorporate negative values, he distingushed between a basic unit (the ‘absolute
threshdd’) and a numericd value on the scde that expressed hav many just noticeale
differences comprised that value. Fechner's attitudes to Herbart's reseach have been
summarized by Wolters (1988 and by Boudewijnse, Murray, and Bandamir (2001). But
Herbart (1824189Q p.294) himself admitted that, in order to explain why there shoud be
limits on hov much ore coud processin ore ad¢ of attention, remurse to physiologicd
explanations might be necesstated and added to the mentali stic explanations that were central
to histheory of Vorstellungen.



References

Boudewijnse, G.-J. A., Murray, D. J., & Bandamir, C. A. (1999. Herbart's mathematicd psychology.
History of Psychdlogy, 2, 163193.

Boudewijnse, G.-J. A., Murray, D. J., & Bandamir, C. A. (200]). The fate of Herbart's mathematicd
psychoogy. History of Psychdogy, 4, 107-132.

Drobisch, M. W. (1972. Erste Grundehren der mathematischen Psychologie [First principles of
mathematicad psychology]. Zandervoort, the Netherlands: E. J. Bonset. (Origina work pulished
1850.

Fechrer, G. T. (1964. Elemente der Psychoplysik [Elements of psychophysics]. Amsterdam: E. J. Bonset.
(Original work puHished 1860Q.

Fechner, G. T. (1966. Elements of psychoptysics (Val. 1). (H. E. Adler, Trans.). New York: Holt, Rinehart
& Winston. (Original work puished 186Q.

Fligel, O. (2001). J. F. Herbart, philosopher. (D. J. Murray & C. A. Bandamir, Trans.) Psychdogie &
Histoire, 2, 1-37. (Origina work pulished 1905. Available a:
http://Ipe.psycho.uriv-pariss5 fr/membres/nicolas/Flugel.htm

Heidelberger, M. (1993). Die innere Seite der Natur: Gustav Theoda Fedhners wissenschaftlich-
philosophische Weltauffassung [The inner side of nature: Gustav Theodar Fechner’'s stientific-
philosophicd world-view]. Frankfurt am Main: Vittorio Klostermann.

Heidelberger, M. (1993h. Fechner's impad for measurement theory. Behavioral and Brain Siences, 16,
146-148.

Helmhaltz, H. von (1882. Uber die Erhaltung der Kraft [On the onservation d energy]. In H. Helmhditz
(Ed.), Wisenschaftliche Abhandungen von Hermann Helmhdtz, Vol. 1, pp. 1275. Leipzig:
(Original work puHished 1847.

Helmhdltz, H. von (192425). Treatise on plysiological optics (J. P. C. Southall, Trans.). New York: Dover
Press (Original work puHished 18561867).

Helmhaltz, H. von (1954. On the sensations of tore. (A. J. Ellis, Trans). New York: Dover Press
(Origina work puHished 1863 Elli stranslated the fourth edition, 1877.

Herbart, J. F. (1888. Uber die durkle Seite der Padagogk [On the dark side of pedagogy]. In K. Kehrbach
& O. Fliigel (Eds), Jon. Fr. Herbart's samtliche Werke in chrondogischer Reihenfolge (Vol. 3,
pp. 147154). Langensalza, Germany: Hermann Beyer und Sohre. (Original work pulished 1813.

Herbart, J. F. (1890. Psychologie als Wissenschaft [Psychdogy as ience]. Part 1 In K. Kehrbadch & O.
Fligel (Eds), Jon. Fr. Herbart's simtliche Werke in chrondogischer Reihenfolge (Vol. 5, pp.
177-434). Langensalza, Germany: Hermann Beyer und Séhre. (Original work pulished 1824.

Kruta, V. (1976. Weber, Ernst Heinrich. In C. C. Gill espie (Ed.), Dictionary of scientific biography, Vol.
XIV, pp. 199202.New York: Charles Scribner’s Sons.

Leay, D. E. (1980. The historicd foundstion d Herbart's mathematization o psychology. Journal of the
History of the Behavioral Sciences, 16, 150163.

Newton, I. (1999. The Principia: Mathematical principles of natural philosophy. (I. B. Cohen & A
Whitman, asssted by J. Budenz, Trans.). Berkeley: University of California Press (Original work
published 1687.

Nicolas, S., Murray, D. J., & Farahmand, B. (1997. The psychophysics of J-R-L Delboeuf (1831:1896.
Perception, 26 12971315.

Weber, E. H. (1996. On touch and On the sense of touch andcomnon sensibility In H. E. Ross& D. J.
Murray (Eds. and Trans.), E. H. Weber on the tactile senses (2" edition). Hove, UK: Erlbaum
(UK).

Taylor & Francis (Original works published 1834, 1845

Whewell, W. (1967). The philosophy of the indctive sciences (2™ editior). (2 vds) New York: Johrson
Reprint Corporation (Original work pulished 1847.

Wolters, G. (1988. Verschméhte Liebe: Mach, Fechner und de Psychophysik [Love disdained: Mad,
Fechner and psychophysics]. In J. Brozek & H. Gundach (Eds.), G. T. Fechrer und Psychdogie
(pp. 103116) Passau, Germany: Passavia Universitatsverlag.



