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LETTER

Dips and bumpsQ:1; 2 : On Bloch’s law and the
Broca-SulzerQ:3 phenomenon
Using the pretext of the potential benefit of
their fundamental study in improving artifi-
cial lighting (with “impact on the billions
of people”), Rieiro et al. (1) put forth an un-
founded premise, a questionable “contradic-
tion” between two well-known psychophysi-
cal phenomena, Bloch’s law (2) and the
Broca-Sulzer effect (3). The authors presented
this premise to advance an equally implausi-
ble hypothesis, according to which this dis-
crepancy could be the result of an unspecified
mechanism that they have termed “intrinsic
expertise bias,” claimed to be present in
Bloch’s but not in Broca-Sulzer’s mea-
surements. Rieiro et al. (1) did not specify
in which direction such bias is supposed
to affect the measurements, the range in
which it is supposed to operate, nor the
basis of a differential effect between thresh-
old (Bloch) and suprathreshold (Broca-
Sulzer) conditions.
As it happens, of the (only) three reports

cited as supportive of the supposed Bloch/
Broca-Sulzer discrepancy, two (4, 5) in fact
point to the effective equivalence of the two
phenomena.
In referring to Bloch’s law, Rieiro et al. (1)

made two critical mistakes: they described it
as an “appearance” (rather than “threshold”)
phenomenon and characterized this func-
tion as monotonic. The opposition of this
supposed monotonicity to the nonmonoto-
nicity of the Broca-Sulzer function is the
alleged “contradiction” motivating the Rieiro
et al. study (1).

Despite the fact that Bloch’s and Broca-
Sulzer’s functions describe, respectively,
the threshold and suprathreshold visual
behavior over time, a unitary view of vi-
sual temporal processing implies that these
two functions should be governed by the
same integration process within the same
system (i.e., with the same temporal im-
pulse response, TIR). In general, suprathres-
hold appearance is known to be approxi-
mately proportional to one’s sensitivity (i.e.,
the inverse of the intensity or contrast
threshold). Thus, to the extent that the
visual processing is linear with intensity,
the sensitivity and appearance functions
of stimulus duration should be strictly
equivalent, either both being monotonic
or both nonmonotonic. Accelerating or com-
pressive nonlinearities could change their
respective amplitudes but not their equiva-
lence in form.
Moreover, contrary to the Rieiro et al. (1)

account, a number of published datasets
clearly display a “dip” in Bloch’s function (see
figure 1 in ref. 4), even though this observa-
tion has remained generally underappreci-
ated. When such function is inverted about
a vertical axis (so that the threshold becomes
sensitivity), the dip becomes a “bump,” just
as for the Broca-Sulzer function. There is
thus no discrepancy between the two do-
mains. We have shown that the dip/bump
results from the combination of a limited
temporal integration window with a biphasic
TIR at low spatial frequencies and that it

disappears for higher spatial frequencies
that yield a monophasic TIR (4).
Instead of the account of the discrepancy

that Rieiro et al. (1) offered between their
blocked and unblocked conditions (with
only a 5% bump in the latter, far smaller than
typically reported), it is much more plausible
that this discrepancy was caused by sequen-
tial effects in their experimental proce-
dure (all subjects having been run in the
unblocked before the blocked condition,
and all in the same sequence in the blocked
condition).

Andrei Goreaa,1 and Christopher W. TylerbQ:5
aLaboratoire Psychologie de la Perception,
Université Paris Descartes and Centre
National de la Recherche Scientifique, 75006
Paris, France; and bSmith-Kettlewell Eye
Research Institute, San Francisco CA Q:6

1 Rieiro H, et al. (2012) Optimizing the temporal dynamics of light to

human perception. Proc Natl Acad Sci USA 109(48):19828–19833.
2 Bloch MA-M (1885) Expériences sur la vision. Comptes Rendus de

Séances de la Société de Biologie, Paris 37:493–495 Q:7.
3 Broca A, Sulzer D (1902) La sensation lumineuse en fonction du

temps. J Physiol (Paris) 4:632.
4 Gorea A, Tyler CW (1986) New look at Bloch’s law for contrast.

J Opt Soc Am A 3(1):52–61.
5 Georgeson MA (1987) Temporal properties of spatial contrast

vision. Vision Res 27(5):765–780.

Author contributions Q:4: A.G. and C.W.T. analyzed data and wrote

the paper.

The authors declare no conflict of interest.

1To whom correspondence should be addressed. E-mail: andrei.
gorea@parisdescartes.fr.

www.pnas.org/cgi/doi/10.1073/pnas.1221807110 PNAS Early Edition | 1 of 1

LE
TT

ER

mailto:andrei.gorea@parisdescartes.fr
mailto:andrei.gorea@parisdescartes.fr
www.pnas.org/cgi/doi/10.1073/pnas.1221807110
andrei
Highlight
Affiliations and authors' names: OK

andrei
Highlight
Short title: confirmed and approved.

andrei
Highlight
OK.

andrei
Highlight
OK.

andrei
Highlight
OK.

andrei
Highlight
Ref. 2, Issue no.: 28Ref 3: the Journal citation was  incorrect. The actual Journal is:J Physiol Path Gen 4(4):632-640.et de Path, gén., 1902, IV,



Q: 1_Please contact PNAS_Specialist.djs@sheridan.com if you have questions about the editorial

changes, this list of queries, or the figures in your article. Please include your manuscript number in

the subject line of all e-mail correspondence; your manuscript number is 201221807.

Q: 2_Please (i) review the author affiliation and footnote symbols carefully, (ii) check the order of the

author names, and (iii) check the spelling of all author names, initials, and affiliations. Please check

with your coauthors about how they want their names and affiliations to appear. To confirm that the

author and affiliation lines are correct, add the comment “OK” next to the author line. This is your

final opportunity to correct any errors prior to publication. Misspelled names or missing initials will

affect an author’s searchability. Once a manuscript publishes online, any corrections (if approved)

will require publishing an erratum; there is a processing fee for approved erratum.

Q: 3_Please review and confirm your approval of the short title: Dips and bumps. If you wish to make

further changes, please adhere to the 50-character limit.

Q: 4_Please review the information in the author contribution footnote carefully. Please make sure that

the information is correct and that the correct author initials are listed. Note that the order of author

initials matches the order of the author line per journal style. You may add contributions to the list

in the footnote; however, funding should not be an author’s only contribution to the work.

Q: 5_Author names may have been edited to match those provided during article submission; please

check carefully and note your approval in the margin. (Your article cannot be published until your

approval has been received.)

Q: 6_Please provide a departmental affiliation for each affiliation listed and a postal code for affiliation

“b.”

Q: 7_Please provide an issue number for refs. 2 and 3, if possible.

AUTHOR QUERIES

AUTHOR PLEASE ANSWER ALL QUERIES

andrei
Highlight
Postal code: CA 94115Affiliation is complete for both authors

andrei
Highlight
All changes are to the benefit of the reader. Thanks.

andrei
Highlight
OK for all.

andrei
Highlight
Confirmed and approved

andrei
Highlight
OK.

andrei
Highlight
OK.

andrei
Highlight
Ref. 2, Issue no.: 28Ref 3: the Journal citation was  incorrect. The actual Journal is:J Physiol Path Gen 4(4):632-640.




