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Abstract

In the literature, attempts have been made to deWeber’'s law against the empirical evi-
dence that contradicts it. This paper briefly revéethese defenses and this evidence.

The present study offers a framework for the hystafrWeber’s law and scientific thinking.
Since Fechner’s time, a large body of evidencealcaamulated which indicates that Weber’s
law is not truly a law. This notwithstanding, mastyfl consider Weber’s law a true law.

Weber’s law is defined as follows. Given a percdimeagnitudey occasioned
by a stimulus magnitudeg, let Ay be the smallest noticeable incremenaind letA@ be the
corresponding increment @f The supposed empirical finding made by Weber 4] 83atAy
remains constant when the relative stimulus increme/¢ remains constant was callgde-
ber’s lawby Fechner (1860, v. 1, p. 65). The subsequenrtliire expressed this law as

ﬂ:c (1)
¢

with ¢ a constant (Gescheider, 1997, p. 3). The i@ is calledWeber’s ratio(or fraction)
and the curve relating this ratio¢as called theNeber functior{Boring, 1942).

Should Weber’s law hold, in a Cartesian diagramWhaber function would be
a flat line parallel to the horizontal axis. Holwagyd Pratt (1936) reviewed Weber functions
obtained since the 1860s. All reviewed functionsengyperbolic- or U-like in shape. Figures
1 and 2 represent a bestiary of empirical Webettfans similar to that of Holway and Pratt.

Figure 1: (a) visual length (Kiesow, 1926); (b)tted length (filled circles:
Danesino, 1932) or extent between two points oadion (open circles: Ricci, 1937); (c) size
between thumb and forefinger (Gaydos, 1958); (datilon (Treisman, 1963); (e) pressure on
the wrist caused by a hair stimulating a singleddeer’s corpuscle (open circles: Gatti, 1923;
filled circles: Gatti and Dodge, 1929); (f) presswn one finger caused by a load with width
of contact area of 4 (open circles: Stratton, 1896% mm (filled circles: Kobylecki, 1906);
(g) heaviness (Oberlin, 1936); (h) pain producedti®rmal radiation of forehead (Hardy,
Wolff, & Goodell, 1947); (i) warmth felt in fingensnmersed in water (Abbott, 1914).

Figure 2: (a) flavor of salt (Holway & Hurvich, 188 (b) smell of India rub-
ber (Zigler & Holway, 1935); (c) loudness at 4 kfiRiez, 1928); (d) loudness at 800 Hz (Up-
ton, 1936); (e) pitch at 5 (open circles) or 40 (@iBed circles) (Shower & Biddulph, 1931);
(f) pitch (Vance, 1914); (g) saturation of red (Plar& Stevens, 1966); (h) brightness—data
by Aubert, Blanchard, and Konig and Brodhun graphgdHecht (1924); (i) brightness of
continuous (open circles) or pulsed flashes (fitedles) (Leshowitz, Taub, & Raab, 1968).

Despite this evidence, Berelson and Steiner (1p6146) said that “Weber’'s
law holds for all the senses, and for almost aénsities,” Link (1992, p. 193) said that “We-
ber’s law is easily confirmed by experimental tagles applied to all sense modalities,” and
Drosler (1995) said that “Weber’s ratio is the st psychophysical invariant in history.”
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Fig. 1. Weber ratioAq@/ ¢, plotted against the stimulus valge for various continua (see text).
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Fig. 2. Weber ratioA@ ¢, plotted against the stimulus valge for various continua (see text).



Fig. 3. The results shown by open circles in Fidigavhen represented as in Gatti (1923).

If the methods for determinintyy work correctly, each Weber function in Fig-
ures 1 and 2 shows that Weber’s law is not a siue Among those that appear to think that
these methods correctly determitug, some defend Weber’s law against the data in Egylir
and 2. The following are examples of defenses.

(A) Verbal fallacy. Stratton (1896) said that hexified Weber’s law since the
Weber ratios he obtained were approximately invaetween 75 and 200 g (open circles in
Figure 1f). Kiesow (1923) noted that “approximatefers to values clustering near a constant
value while Stratton’s data show instead a constaalining trend. Stratton’s verbal fallacy is
often repeated today for loudness (Figures 2d)hgigure 2e), and brightness (Figure 2h).

(B) Visual disguise. Gatti (1923) representedrdeilts shown by open circles
in Figure 1e using a diagram stretched horizontlyn Figure 3. Visually, this stretched dia-
gram suggests a constant Weber ratio. Gatti (18@3¢luded that “Weber’s law is verified in
a very precise manner.” He was mistaken. He re@artean individual Weber ratios for four
blocks of trials for each stimulus value with natistical test. A one-way analysis of variance
on these ratios shows that the effect of stimulalaerand the quadratic trend were significant
[F(7,21) = 24.7p < .0005, andF(1,3) = 132.1p < .005, respectively].

(C) Mathematical disguise. Guilford (1932) propbsee law

Ap=k " (2)

with k andn constants. Weber’s law holdsnf= 1. McGill & Goldberg (1968) noted thatis
0.9 when one uses Equation 2 to represent dateoas in Figures 2c and 2d, calling this the
near-miss to Weber’s law. Focusingosurreptitiously suggests that, although “Webeais |
does not hold in a strict sense,” it holds almastextly. Thus, Augustine and Roscher (2008)
said that “the term ‘near-miss to Weber’s law’ refeo small but systematic deviations from
Weber’s classical law” (emphasis added). In Fig@eand 2d these “deviations” lotdege.

(D) Inversion of evidence. Krueger (1989) stateat tfThe Weber [ratio] typi-
cally decreases agj[increases.” Laming (1989) said that Krueger wasng since “Weber’s
law has been shown to describe discriminative seitgi..by...Gatti & Dodge (1929), Gay-
dos (1958)...0berlin (1936), Panek & Stevens (1966isman (1963)...” The data obtained
by these mentioned authors are reported in Figleg&c, 19, 2g, and 1d, respectively.

(E) Conclusion from a special case. In Figure 2irsults shown by open cir-
cles replicate those in Figure 2h, and those showiilled circles were obtained using pulsed
flashes. According to Laming (1997, p. 33) thedledicircles “cluster with acceptable accu-
racy around [a horizontal] straight line [that] repents Weber’s law.” Letting aside “accept-
able accuracy,” one positive case against manytivegeases cannot validate any law.

(F) Collateral damage. Krueger (1989) proposed @dxang Weber's law. For
Teghsoonian and Teghsoonian (1989) this is a nastidkting that the Weber ratio could be
an index of discriminability characterizing peraggdtcontinua, they warned investigators to
be aware that rejecting Weber’s law involves theateon of the collateral plausible principle
that there is a correlation between exponents i@igptual continua and Weber ratios.



(G) Psychophysical speculation. Ekman (1959) pregdke law

Ay 3)
W

with k a constant. He said that this equation “means\vitedier’s law is valid in theubjective

continuum.” However, one can test Ekman’s law i€ &mows the psychophysical function,

which nobody knows for sure yet. Gescheider (1$9353) stated that “Stevens’ power law

implies that both Ekman’s law and Weber’s law aatkd/”

Surprisingly enough, all the above defenses artdrants in favor of Weber’'s
law have ignored that the form of the Weber funttiaries with the definition of the scale of
¢ and that this difficulty is particularly more segavhen the Weber function also varies with
the individual subjects (Householder & Young, 1940)

The above brief and incomplete review of defenge&/eber’s law shows that
the factors that have and still are making scientiefend Weber’s law are multiple and inter-
related. Probably the most important factor waggeated by Cobb (1932): “Doubtless it is
rank heresy to raise the question whether the gatin of Fechner'&€lemente der Psycho-
physik..has been a net gain or a net loss to the causmenice. Possibly without.itWeber’'s
law would have remained unknown to the present’day.

References

Abbott, E. (1914). The effect of adaptation on téperature difference limeRsychologi-
cal Monographs16, whole No. 68.

Augustin, T. & Roscher, T. (2008). Empirical evdlaa of the near-miss-to-Weber’s law: A
visual discrimination experimersychology Science Quarterh0, 469-488.

Berelson, B., & Steiner, G. A. (196Mluman behavior: Shorter editiolNew York: Har-
court, Brace & World.

Boring, E. G. (1942)Sensation and perception in the history of expentalepsychology
New York: Appleton-Century-Crofts.

Cobb, P. W. (1932). Weber's law and the Fechnernaddle.Psychological RevievB9, 533-
551.

Danesino, A. (1932). Sopra I'apprezzamento di déffiee spaziali nel campo delle sensazioni
tattili pure.Archivio Italiano di PsicologialO, 160-166.

Drosler, J. (1995). The invariances of Weber’'s aftiter laws as determinants of psycho-
physical structures. In R. D. Luce, M. D’Zmura, Boffman, G. J. Iverson, & A. K.
Romney (Eds.)Geometric representations of perceptual phenom&agers in honor
of Tarow Indow on his 70th birthdgpp. 69-93). Mahwah, NJ: Erlbaum.

Ekman, G. (1959). Weber’s law and related functidosrnal of Psychologyt7, 343-352.

Fechner, G. T. (1860Elemente der PsychophydiR vols.). Leipzig: Breitkopf und Hartel
(reprinted in 1964. Amsterdam: Bonset).

Gatti, A. (1923). Sulla sensibilita di differenzallfeccitamento successivo di singoli organi
tattili (Legge di Weber)Archivio Italiano di Psicologia2, 28-48.

Gatti, A., & Dodge, R. (1929). Uber die Untersctsiehpfindlichkeit bei Reizung eines
einzelnen, isolierten Tastorgardschiv fur die gesamte Psycholog®, 405-426.

Gaydos, H. (1958). Sensitivity in the judgment iesby finger-spanAmerican Journal of
Psychology71, 557-562.

Gescheider, G. A. (1997sychophysics: The fundamentaahwah, NJ: Erlbaum.

Guilford, J. P. (1932). A generalized psychophydma. Psychological Reviey@9, 73-85.

Hardy, J. D., Wolff, H. G., & Goodell, H. (1947)tUslies on pain: Discrimination of differ-



ences in intensity of a pain stimulus as a basia stale of pain intensityournal of
Clinical Investigation26, 1152-1158.

Hecht, S. (1924). The visual discrimination of mgy and the Weber-Fechner lalaurnal
of General Physiology’, 235-267.

Holway, A. H., & Hurvich, L. M. (1937). Differentlagustatory sensitivity to salAmerican
Journal of Psychologyt9, 37-48.

Holway, A. H., & Pratt, C. C. (1936). The Weberioafor intensitive discrimination.
Psychological Review3, 322—-340.

Householder, A. S., Young, G. (1940). Weber lawg Weber law, and psychophysical
analysisPsychometrikab, 183-193.

Kiesow, F. (1923). Postscriptum all’articolo preesatk. Archivio Italiano di Psicologia?2,
43-48.

Kiesow, F. (1926). Uber die Vergleichung linearéne€ken und ihre Beziehung zum Weber-
schen GesetzArchiv fur die Gesamte Psychologi®, 421-451.

Kobylecki, S. (1906). Uber die Wahrnehmbarkeit gliéher DruckanderungerRsycholo-
gische Studier, 219-304.

Krueger, L. E. (1989). Reconciling Fechner and &bsv Toward a unified psychophysical
law. Behavioral and Brain Sciencel2?, 251-320.

Laming, D. (1989). Experimental evidence for Feclnand Stevens’s law&ehavioral and
Brain Sciencesl?, 277-281.

Laming, D. (1997)The measurement of sensatidiew York: Oxford University Press.

Link, S. W. (1992)The wave theory of difference and similarltjlisdale, NJ: Erlbaum.

Leshowitz, B., Taub H. B., & Raab D. H. (1968). ¥ detection of signals in the presence
of continuous and pulsed backgrouniésrception & Psychophysicé, 207-213.

McGill, W. J., & Goldberg, J. P. (1968). A studytbe near-miss involving Weber’s law and
pure-tone intensity discriminatioRerception & Psychophysicé, 105-109.

Oberlin, K. W. (1936). Variation in intensitive stivity to lifted weights.Journal of
Experimental Psycholog$9, 438-455.

Panek, D. W., & Stevens, S. S. (1966). Saturatiored: A prothetic continuunPerception
& Psychophysicsl, 59-66.

Ricci, A. (1937). Sulla sensibilita di differenz&lifapprezzamento tattile di stimoli estesi
applicati su regioni differenti della pellarchivio Italiano di Psicologial6, 383-392.

Riesz, R. R. (1928). Differential intensity senastti of the ear for pure tone®hysical Re-
view, 31, 867-875.

Shower, E. G., & Biddulph, R. (1931). Different@tch sensitivity of the eadournal of the
Acoustical Society of America, 275-287.

Stratton, G. M. (1896). Uber die Wahrnehmung vomdRénderungen bei verschiedenen
GeschwindigkeiterPhilosophische Studie®?2, 525-586.

Teghtsoonian, R., & Teghtsoonian, M. (1989). Unifipsychophysics: Wouldn't it be
loverly...Behavioral and Brain Sciencek2, 292.

Treisman, M. (1963). Temporal discrimination and thdifference interval: Implications for
a model of the “internal clockPsychological Monograph37, whole No. 576.

Upton, M. (1936). Differential sensitivity in soundlcalization.Proceedings of the National
Academy of Sciencez2, 409-412.

Vance, T. F. (1914). Variation in pitch discrimiiat within the tonal range?sychological
Monographs16, whole No. 69.

Weber, E. H. (1834)De pulsu, resorptione, auditu et tactu. Annotat®raatomicae et
physiologicaeLeipzig: Koehler.

Zigler, M. J., & Holway, A. H. (1935). Differentiadensitivity as determined by amount of
olfactory substancdournal of General Psycholog¥2, 372-382.



