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Fig. 1 Examples of first and second order motion
(a) Five consecutive frames of a first-order motion stimulus: a moving

Dark

sine wave luminance modulation. (b) Luminance profile of the pixels in
one row of (a). (c) Five consecutive frames of a second-order motion
stimulus: a moving contrast modulation of a random-texture carrier. (d)
Luminance profile of the pixels in one row of (¢). To create second-order
motion, first a noise frame (carrier) is made by assigning each pixel to be
either light or dark randomly, and multiplied by a sine wave (modulator)
(shown in d). Then the modulator is moved horizontally from frame to
frame while the carrier noise remains stationary, thus second-order
motion is produced.
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Fig. 2 Stimuli used in the experiment
(a) 40 consecutive frames of first-order motion gratings embedded
in external noise. (b) 40 consecutive frames of second-order motion

gratings.
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Fig. 3 The results of training with first-order
motion gratings
Mot.1, Ist order motion; Mot.2, 2nd order motion; CS, contrast
sensitivity; Before, before training; After, after training. (a) Subjects'
average learning curve (x + s) under 8Hz first-order motion training.
0—o0: Ist order learning curve. r= 0.981, P < 0.000 1, Slope: 0.17. (b)
Under all the tested temporal frequencies, subjects’ general sensitivity
for first-order motion was significantly improved by training. e—e:
Mot.1 CS before; A—A : Mot.1 CS after. *P < 0.05. (c) Subjects’
sensitivity for second-order motion was slightly improved at the same
time.e—e : Mot.2 CS before; A—A: Mot.2 CS after.
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Fig. 4 The results of training with second-order
motion gratings

(a) Subjects’ average leamning curve under 8Hz second-order motion
training. o—o: 2nd order learning curve. r= 0.961, P < 0.0001, Slope:
0.18. (b) Under all the tested temporal frequencies except 2 Hz and
21 Hz, training significantly improved subjects’ general sensitivity for
second-order motion. A—A : Mot.2 CS before; e—e : Mot.2 CS after.
#P < 0.05. (c) Meanwhile, subjects’ performance in first-order motion
task was significantly improved at the same time. e—e : Mot.1 CS
before; A—a: Mot.1 CS after.
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Fig. 5 The results of the control group
(a) After 7 days of no training at all, subjects’ general sensitivity for
first-order motion was significantly higher when measured at the second
time than the first time. e— o: Mot.1 CS before; A—aA: Mot.1 CS after.
(b) Subjects’ sensitivity for second-order motion was marginally higher
when taking the second measure than the first one. e—e: Mot.2 CS
before; A—A: Mot.2 CS after.
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Fig. 6 A partly separated, two-layer model for processing of first- and second-order motion signals

First of all, both kinds of motion signals are filtered by a group of first-order luminance filters at V1. Then the two pathways for first- and second-order

motion processing are separated from each other. Second-order motion signals go on to a non-linear rectification process, and then are further filtered by

a group of second-order texture (or contrast) filters probably at V2 or higher. Finally, through respective template analysis, both first- and second-order

motion signals come up to its final decision. (Modified from Dosher, Lu Z L, 2006)
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Perceptual Learning and Transfer Study of First- and
Second-order Motion Direction Discrimination”

CHEN Rong, QIU Zhu-Ping, ZHANG Yang, ZHOU Yi-Feng”
(Vision Research Laboratory, School of Life Science, University of Science and Technology of China, Hefei 230027, China)

Abstract In order to investigate the interactions between first- and second-order motion perception systems,
14 adult subjects with normal or correct to normal visual acuity were recruited and divided into two groups. Then
these two groups were trained, in their parafovea, to discriminate the direction of first- and second-order motion
gratings respectively. The spatial frequency of the gratings used in study was fixed at 2 cycles/degree and the
temporal frequency was fixed at 8 Hz during training. Contrast sensitivity of subjects in these two training groups
for first- and second- order motion was measured before and after 7 days’ training to estimate the effects of
training. In addition, the differences between the two training groups(14 subjects) and another control group (11
subjects) were studied. The results showed that: 1) the training with first-order motion gratings can improve
subjects’ performance in first-order motion direction discrimination but the improvement can’t be transferred to
the performance in second-order motion task; 2) the training with second-order motion gratings can improve
subjects’ performance in both first- and second-order motion direction discrimination tasks. In conclusion, an
“ asymmetric transfer” occurred between the training effect of first- and second-order motion gratings. These
results indicate that there are two mechanisms for perceiving first- and second-order motion respectively. However,

they are not completely different from each other but only partly separated.
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