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Representation of the information for the perception of visual flow and its aftereffect by
the activity-profile of a population of MST cells
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We propose a hypothesis 'population representation of visual flow by the activity profile of MST cells',
which assumes that the perception of all kinds of visual flow (uniform translation, rotation,
approaching, receding, etc.) and of motion aftereffects caused by them would be directly related to the
activity-profile of the cells in the dorsal part of the MST area.

In order to test this hypothesis, we investigated properties of both visual flow perception and the
motion aftereffect (by psychophysical experiments on human subjects), and compared with MST cells’
activities measured during and after giving various flow stimuli (by single cell recordings from
anaesthetized monkeys).

We have confirmed that we perceive characteristic motion aftereffect the direction of which was
opposite to the adapting stimuli; for example, perception of counter-clockwise rotation against a
stationary texture-field after receiving a flow of clockwise rotation.

MST cells, which responded selectively to the particular mode of visual flow, reduced their activities
after receiving the prolonged flow stimulus moving in the preferred direction, whereas increased their
activities after receiving the flow moving in the opposite direction. These response properties strongly
support proposed hypothesis.

We can interpret the properties of the perception of a transparent visual flow (superposition of two
translations of different directions) and of its motion aftereffect with the 'population representation
hypothesis', consistently, by assuming the existence of two sub-types, named ‘component type' and
‘integration type', in MST cells responding selectively to the translational flow. The existence of the
two sub-types was verified in our present experiments.
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Fig.1 Hierarchical organization of motion-processing pathway
(Magnocellular pathway) and of pattern-processing pathway
(Parvocellular pathway) of the macaque visual system.
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Fig.2 Relative firing levels of MST cells before, during and after a
prolonged visual flow presentation. An arrow within a circle

indicates a preferred direction of the cell.
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Fig.3 Time chart of the motion adaptation experiment.

Adaptation Field

MST OOOOO00oOooooooooobooono
OO0 visualflowO OO M OOOOOOOOOOOO
gobooboboobooobooboaooobod
MST 0000000 00D O0000oooooboon
goooooooooboboobooooboooon
ROODOOOOOOOOOOOOOO4OOoooooa
goboooboobboobbomecooooog
gobboooboboobbooegobboobbad
gochobobobooooooobobooooob
gbooobooooobooboboooooooobobob
oooooooooooooD flow OODOOODOO
gobogboobooobooboobobod MBDUO
goobobooeBDODODOODOOOOODOODOOD

000 0OOO0ooo

DcellURcellDE/Ccell DO OODOODOOOODOO
ooboOO00 FrigdOOODO

goooooooboo MsTOOooooMBeD OO
gboooooooboobobooooooooboobob
gbooboooooboobobooooomMob 0booo
OogosSF Oobooboooooooooooooo
gbooobooooobooboboooooooobobob
gobooboaobood

FigbOOOOOOOOO Deeld 12 0 MR celld 13
OMECcelld8U0EcllIDOCcellDIDDOON
ooooooooobopooooooooonO flowd

uboogboooboogboboobooboaooon
uboogboooboogboboobooboaooon
goMBDOOOOOOOOOOOODOODOOODO
0611%00000MODOODOOO 111.2%000
aoo

D cell after SF after MBD after MOD

)

23s/s9s|NdWIQG

1sec

oD

[OPAE o N Vg Y

R cell after SF after MBD after MOD

) Mm%__!uj

1sec

oas/sas|ndwiog

r

oD

. P A . i

E cell after SF after MBD after MOD

BD...J.M__I el L.n_h_L.n._J

1sec

oas/ses|ndwigz

oD

Lilaw bl Lask s mt e b

Test stimulus given 1sec after stopping the 3 kinds
of adapting stimuli.

Fig.4 Comparison of MST cells’ responses to the test stimuli after
giving 3 kinds of adaptation fields.
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Fig.5 Relative magnitude of the responses to the test stimulus moving
in the best direction shown 1 second after stopping 3 kinds of
adapting stimuli (SF, MBD, MOD). Data are pooled for 33
cells(12 D cells, 13 R cells, 8 E/C cells).
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Fig.8 Motion aftereffect caused by the transparent motion. The
perceived direction is indicated by the angular deviation from
the direction opposite to direction of the integrated motion of the
transparent motion.
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