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Figure 1. Rapid fluctuation of the brightness sensation just after the step-like
luminance increment. Figure cited from Bidwell (1894).
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1, EORISIREEICH 5 B2V 262 #0R L7234, Bthikig & ek
BAG L ATEHACHE VR LIBIT 5 Z L3t o5 Twas (Dittler &
Eisenmeier, 1909; Frohlich, 1921) ., Dittler & Eisenmeier (1909) 7 &%, 5%
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Figure 2. Schematic representation of the amplitude summation of the two
multiphasic responses in phase under the condition where the
double-flash illusion occurs. The response evoked by each pulse
in the double pulse of light has only one positive lobe whose ampli-
tude exceeds threshold of flash perception. The resultant synthe-
sized response has three positive lobes with supraliminal amplitude.
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TR EZ RH L TR Wilsed F724# 9 % (Donchin & Lindsley,
1965; Stecher, 1967; Stecher, Sandberg & Minsky, 1970; Takiura, 2001) .
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Figure 3. Two types of the hypothetical result to be expected in the present
experiment for the brightness change of the double pulse of light
with SOA. (a) Hypothetical outcome for the nonoccurrence of
oscillatory change in brightness. (b) Hypothetical outcome for
the occurrence of oscillatory change in brightness. See text for
detail.
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Figure 4. Percent of trials in which the double pulse of light with shorter SOA
by 50 ms was judged to be brighter as a function of shorter SOA.
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Figure 5. Two flash fusion threshold under the present stimulus condition. (a)
Thresholds for double pulses of light of 74. 4 td and 743. 9 td in retinal il-
luminance. (b) Thresholds for double pulses of light of 743. 9 td with
and without the background of 15. 1 td.
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R@(w%)i3&wL4@@ﬂ»x%:ﬂ¢%ﬁ»&wT@4yﬂwx
INEE, “ENRHETOENLFEULCIERA2OOMEIN 252 %2/RLT
BY, TLHLANVTORERELEL NV TOIREOIRIEAKD L 72K
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b, EBRIZEZERE Y v I v SR O ) & RO TBIZE L Tw 72T
238 % o Bleck & Craig ®FEBRTIHEHMZHCTES T, < v F ¥ 7
WAERINIR SN, “FOBL WIS EoE UHEICIR SR 720,
W2 <y F 7 %2479 BICHERE OIREKER) 234 LTz d Ltz
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Figure 6. Results with shorter SOAs by 25 ms and 100 ms.
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25-75ms L W)LY DB /AS Ve 7OV ZOW D S, £ OFHEE
& EHITHML, AEBRTORMOMBIEETSH 5 743.9 td 12 WIREE
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Figure 7. The result with light pulses of 50 ms in duration.
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ThHbo 2O00HWETOWNL S~y F v 7L EORFE V) 2 FilE

83—



IREAERGRE W45 % B2 (A

DX, FEOCEY AR HGEOZRATICEOR S M A RO BEICE L
T Boynton & Onley (1962) ®O#ErE L7244 Tl%, Wi d Class IV obser-
vation L W IHAl—DA T ITVIZED ) bo

PIE®D X 912, Bleck & Craig (1968) & AREERTORFOMEE AL &
BFERIZOWTIRESDE AW SHTIE% v Bleck & Craig DFEE L
[ —ORIMFRTOFRFADVPLINLI DI TH LA, Bk L, H5
DFNIE, WM E B ROEMLEEIGLH S LT awv (72720, Rl
OB LTIE, v F v 7o EZL#PH Ok A S 100 cd/m?
BELHENSNG) 2L, EBRFREXORBICRLAMEEA DD, Bk
ZWEEIZL TV 5,

4l OFEER Tl doubleflash illusion DFIFHEZIT > TWhrd o7z &
%13 double-flash illusion D42 & DEAR T FHIRDOH S S OREE MGt
VBN B 5o

51 B X

Aiba, T. S., & Stevens, S. S. (1964). Relation of brightness to duration and lumi-
nance under light- and dark-adaptation. Vision Research, 4, 391-401.

Baumgardt, E., & Segal, ]. (1946). La fonction inhibitrice dans le processus visuel.
Comptes Rendus Hebdomadaires des Séances de la Société de Biologie et de ses
Filiales et Associées, 140, 231-233.

Bidwell, S. (1894). On the recurrent images following visual impressions. Proceed-
ings of the Royal Society of London, 56, 132-145.

Bleck, F. C., & Craig, E. A. (1968). Brightness of paired photic pulses with pulse
duration and separation varied. Perception & Psychophysics, 4, 257 -260.

Bowen, R. W. (1989). Two pulses seen as three flashes: a superposition analysis.
Vision Research, 29, 409-417.

Bowen, R. B., Clingerman, S., Domanico, R., & Eliot, B. (1986). Individual differ-
ences in the perception of the double flash illusion. Investigative Ophthalmol-
ogy and Visual Science, 27, Supplement (ARVO), 72.

Bowen, R. W., Mallow, J. V., & Harder, P. J. (1987). Some properties of the double-
flash illusion. Journal of the Optical Society of America, Series A, 4, 746-755.



Wil SEGIC BT AW L ShNE

Bowen, R. W., & Pokorny, J. (1978). Target edge sharpness and temporal bright-
ness enhancement. Vision Research, 18, 1691-1695.

Boynton, R. M., & Onley, J. W. (1962). A critique of the special status assigned by
Brindley to “psychophysical linking hypotheses” of “class A.” Vision
Research, 2, 383-390.

Cogan, A. 1. (1989). Anatomy of a flash. 1. Two-peak masking and a temporal
filling-in.  Perception, 18, 243 -256.

Dittler, R., & Eisenmeier, J. (1909). Uber das erste positive Nachbild nach kurz-
dauernder Reizung des Sehorganes mittels bewegter Lichtquelle. Pfliigers Ar-
chiv fiir die gesamte Physiologie des Menschen und der Tiere, 126, 610-647.

Donchin, E., & Lindsley, D. B. (1965). Retroactive brightness enhancement with
brief paired flashes of light. Vision Research, 5, 59-70.

Frohlich, E W. (1921). Untersuchungen iiber periodische Nachbilder. Zeitschrift
fiir Sinnesphysiologie, 52, 285-292.

Ikeda, M., & Fujii, T. (1966). Diphasic nature of the visual response as inferred
from the summation index of n flash. Journal of the Optical Society of America,
56, 1129-1132.

Katz, M. S. (1964). Brief flash brightness. Vision Research, 4, 361-373.

Tk (1990). BESLEB LY Fh =2 Vil

Rabelo, C., & Griisser, O. -]. (1961). Die Abhingigkeit der subjektiven Helligkeit
intermittierender Lichtreize von der Flimmerfrequenz (Briicke-Effekt, bright-
ness enhancement) : Untersuchungen bei verschiedener Leuchtdichte und
FeldgroBe. Psychologische Forschung, 26, 299-312.

Stork, D. G., & Falk, D. S. (1987). Temporal impulse responses from flicker sensi-
tivities.  Journal of the Optical Society of America, Series A, 4, 1130-1135.

WK & (1994) . KESLOES Kl E - SIHEE - KK (W) HrRE -
AMEOCHFENY BTy 7 WEHE  Pp. 895-900.

Schneider, C. W., & Bartley, H. (1966). Changes in sensory phenomena and
observer criteria at low rates of intermittent photic stimulation. Journal of Psy-
chology, 63, 53-66.

Stecher, S. (1967). Discrimination of luminance differences between temporally
separated paired flashes. Journal of the Optical Society of America, 57, 1271 -
1272.

Stecher, S., Sandberg, M., & Minsky, P. J. (1970). Successive luminance differ-
ence thresholds and brightness as a function of the interstimulus interval and

duration of successive flashes. Perception & Psychophysics, 7, 79-85.



IREAERGRE W45 % B2 (A

Takiura, T. (1998). A relationship between the brightness enhancement in extrafo-
vea and the on-responses estimated by the visual masking technique. Tohoku
Psychologica Folia, 57, 58-74.

Takiura, T. (1999). Brightness enhancement for flash is due to both flash duration

and frequency. Tohoku Psychologica Folia, 58, 78—90.
Takiura, T. (2001). The double-flash illusion: partial evidence for summation of two
oscillatory response in phase. Tohoku Psychologica Folia, 60, 1-19.

Uchikawa, K., & Yoshizawa, T. (1993). Temporal responses to chromatic and

achromatic change inferred from temporal double-pulse integration. Journal of
the Optical Society of America, Series A, 8, 1697 -1705.
Ueno, T. (1977). Temporal characteristics of the human visual system as revealed
by reaction time to double pulses of light. Vision Research, 17, 591-596.
Uetsuki, T., & Ikeda, M. (1970). Study of temporal visual response by the summa-
tion index. Journal of the Optical Society of America, 60, 377-381.



Wil SEGIC BT AW L ShNE

Summary

Brightness of double pulse of light with variable pulse separation

Takayuki Takiura

Brightness change of the double pulse of light as a function of pulse sepa-
ration was investigated. Brightness summation occurred only with shorter
pulse separation. No brightness enhancement was observed with pulse
separation beyond 100-150 ms. These results suggest that with double
pulse stimulation the amplitude summation does not yield the significant
brightness increase between the later positive phases in the oscillatory
response for the preceding pulse of light and the earlier positive phases in

the response for the succeeding one.



