
Apparent motion is the illusory perception of motion 
created by the discrete stimulation of points appropriately 
separated in space and time. Apparent motion can be ex-
perienced between pairs of lights, touches, or sounds (see 
Kolers, 1972, for a review). In 1915, Korte published a set of 
seminal studies showing that the optimal timing for experi-
encing visual apparent motion varies with the temporal and 
spatial separations of the stimuli and their duration and in-
tensity. He expressed this as a series of equations. One such 
equation states that the stimulus onset asynchrony (SOA) 
between two lights that produces optimal apparent motion is 
proportional to the distance between them. Although Korte 
did not explicitly state this as a law, but rather as a relation-
ship, the variation of SOA with distance has become known 
as his third law after Koffka (1931).

Korte’s third law was based on observations of visual 
apparent motion, and it also holds for tactile apparent 
motion (Burtt, 1917b; Kirman, 1974a; Sherrick, 1968). 
Auditory apparent motion, on the other hand, does not fol-
low Korte’s third law (Burtt, 1917a, dark soundproof room 
with two speakers at 200 cm from the observer, 5º–20º 
apart, and SOAs from 6 to 54 msec; Strybel, Manligas, 
Chan, & Perrott, 1990, dark audiometric, semianechoic, 
chamber with two speakers at 86 cm from the observer, 
6º–160º apart, and SOAs from 0 to 500 msec). Since both 
visual and tactile apparent motion follow the same rule, 
they may share a single motion mechanism. If there were 
a common visual and tactile motion system, then stimu-
lating vision at one location and touch at another might 
activate this common motion mechanism and produce a 
sensation of multimodal visuotactile apparent motion that 
should also follow Korte’s third law.

Experimental evidence for multimodal apparent motion 
was first reported by Zapparoli and Reatto in 1969, who 

investigated apparent motion between lights and sounds. 
They used lights that were 12 mm in diameter, separated by 
7.7 cm, and that corresponded to an angular separation of 
3º, with sounds either played through loudspeakers beside 
each light or delivered through headphones. When all four 
stimuli were played (a light and sound on the left played 
together, followed by a light and sound on the right played 
together), subjects reported a single object or an event 
with two attributes (audio and visual) moving. The moving 
object/ event was described in various ways—for example, 
a “sonorous light” or a “luminous sound.” When only two 
stimuli were used (e.g., a single light followed by a single 
sound), some subjects described perceiving intermodal ap-
parent motion. One subject described “a light tunnel which 
grows longer and shorter while the sound passes through 
it” (Zapparoli & Reatto, 1969, p. 262). Other subjects de-
scribed their perception as a “causal nexus between the 
two stimuli” (the light appeared to cause the sound or vice 
versa). This causal description suggests that multimodal ap-
parent motion appears to be more cognitive than unimodal 
apparent motion.

Because of the cognitive component, Allen and Kolers 
(1981) concluded that the phenomenon of intermodal ap-
parent motion was not “true” apparent motion. They re-
peated Zapparoli and Reatto’s (1969) experiments, placing 
LEDs at 1.5 m from the observer with a distance between 
them from 3º to 11.5º on a sagittal plane, and used head-
phones (tones only, presented monaurally) to facilitate and 
attempt to replicate Zapparoli and Reatto’s multimodal ap-
parent motion. Allen and Kolers’s interstimulus intervals 
(ISIs) varied from 50 to 150 msec. They concluded that 
subjects’ interpretations were highly idiosyncratic and that 
they required the subject to be willing and eager to perceive 
the apparent motion, whereas visual and auditory appar-
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threshold apparent motion are suggested. Therefore, our 
hypothesis for Experiment 3 was that, regardless of the 
results of Experiment 2, an increased distance between 
the stimuli would produce a corresponding increase in the 
threshold SOA for detecting the direction of visual, tactile, 
and visuotactile apparent motion.

GENERAL METHOD

Subjects
Subjects were volunteers from the graduate and undergraduate 

pool at York University. Some subjects were paid for their partici-
pation. All experiments were approved by the York Ethics Board. 
Experiment 1 had 6 subjects (1 female, all right-handed, mean age 
31); Experiment 2 had 6 subjects (5 female, all but 1 female right-
handed, mean age 20), and Experiment 3 had 7 subjects (3 female, 
all right-handed, mean age 27).

Touch Stimulators
Touch stimulators were made from small solenoids with attached 

probes, and were mounted in 4  2  2 cm wooden cups. When the so-
lenoids were powered, the probe was pushed out. The probe extended 
about 1 mm from the edge of the cup and hit the skin surface with 
the force of a gentle tap spread over a surface area of about 1 mm2. 
Solenoids were controlled by appropriately amplified 5-volt signals 
from a CED1401 interface box (Cambridge Electronic Design, U.K.) 
that was controlled by a PC. The solenoids took 5 msec to extend and 
to retract back into their wooden cups, as measured by a photocell 
positioned directly above the solenoid (experiments were arranged 
so that this delay did not affect any of the results). The wooden cups 
with touch stimulators inside were taped on the tip of each subject’s 
index fingers and adjusted until the taps were of comparable intensity. 
Subjects also wore hearing protectors (David Clark Co., Model 10a) 
to block out the remaining slight click that was generated by the sole-
noids when activated. Stimulus duration was 40 msec.

Visual Stimulation
Visual stimulation was provided by green LEDs mounted on top 

of the wooden cups that contained the solenoids. They were con-
trolled directly by 5-volt signals from a CED1401 interface box con-
trolled by a PC. Stimulus duration was also 40 msec.

Response Pedals
Responses were made by means of two foot pedals monitored 

by the CED1401. The pedals were normally held down. Subjects 
responded by lifting either the left or the right foot.

EXPERIMENT 1 
Quality Judgments

Allen and Kolers (1981) have thrown doubt on the very 
existence of multimodal apparent motion, but they only 
tested apparent motion between a light and a sound. In 
order to see whether subjects perceived apparent motion 
between lights and touches, we had subjects rate the qual-
ity of unimodal and multimodal apparent motion over a 
range of SOAs.

Method
Participants sat in a well-lit room, with their hands on the table in 

front of them, palms up. They maintained fixation on a point between 
their hands. Stimulators were fixed on each of their index fingers, 
which were held 5 cm apart at a distance of 50 cm from the eyes, for 
a visual angle of 5.7º. The three stimulus combinations (light–light, 
touch–touch, and light–touch) were randomly interleaved in a single 
session. Each stimulus pair was presented to the subject with a par-

ent motion perception was automatic. We suggest that it is 
partially language limitations that caused the interpretation 
of a bimodal moving stimulus to appear “unconventional,” 
and not necessarily a difference in the perception itself.

Allen and Kolers (1981) went on to suggest in their dis-
cussion that audiovisual may not be the best combination 
for studying multimodal apparent motion, but they did not 
go on to investigate other sensory combinations. Indeed, 
auditory apparent motion may be a special case, since it 
does not follow Korte’s third law (Burtt, 1917a), and the 
calculations involved in assessing the spatial position of a 
sound are very different from those used by the visual and 
tactile systems, in which spatially separate stimuli are also 
separated on the receptor organ.

Visuotactile multimodal motion appears more feasible 
than audiovisual apparent motion since there are bimodal 
visuotactile neurons in ventral intraparietal cortex that re-
spond to apparent motion in either modality and that have 
spatially aligned visual and tactile receptive fields (Du-
hamel, Colby, & Goldberg, 1998). This provides a neural 
substrate for visuotactile motion processing. We therefore 
set out to investigate visuotactile apparent motion.

We first asked subjects to rate the quality of apparent 
motion between two lights, two touches, and between a 
light and a touch (Experiment 1). Our hypotheses were 
that the perception of apparent motion between the dif-
ferent stimulus combinations (light–light, touch–touch, 
light–touch) would vary with SOA and that the SOAs that 
would produce the more convincing percept of apparent 
motion would depend on the stimulus combination.

In Experiment 2, we looked at the effect of distance be-
tween the stimuli on the preferred SOA for visual, tactile, 
and visuotactile apparent motion. Does Korte’s third law 
hold for all three stimulus combinations?

In Experiment 3, we looked at the effect of distance be-
tween the stimuli on the threshold SOA for discriminating 
the direction of visual, tactile, and visuotactile apparent 
motion. Although Korte (1915) showed that the SOA for 
evoking optimal apparent motion varied with distance, 
Lakatos and Shepard (1997) tested the effect of distance 
on threshold SOA for detecting the direction of apparent 
motion. They used a circular arrangement of 12 stimuli in 
which neighboring pairs—or pairs separated by one, two, 
or three stimuli—could be used to effectively increase the 
distance between the stimuli. They presented visual stim-
uli in the frontal plane in a 10-cm diameter circle viewed 
at 75 cm with a visual angle of 8º. Tactile stimuli were 
presented in a circle on the palm of the hand or around the 
head—5.6-cm and 23-cm diameter circles, respectively. 
Auditory stimuli were presented in a dark, audiometric 
test chamber through speakers evenly positioned in a cir-
cle around the head (91-cm diameter). They measured the 
minimum SOA between the stimuli at which the direction 
of motion could be detected and showed that the threshold 
SOA for detecting the direction of apparent motion also 
varied with distance for visual, tactile, and auditory ap-
parent motion. Since auditory apparent motion does not 
follow Korte’s law at preferred speeds (Burtt, 1917b; Stry-
bel et al., 1990) but does at threshold speeds (Lakatos & 
Shepard, 1997), separate mechanisms for preferred and 
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multimodal apparent motion did not differ from each other 
[F(2,10)  1.29, p  .31]. This range is where quality rat-
ings were the highest for multimodal apparent motion. One 
can infer that the best multimodal apparent motion is com-
parable to visual apparent motion at a 200–300 msec delay.

There were individual differences in the way subjects 
rated the quality of multimodal apparent motion (see Fig-
ure 1B). Most subjects never used the 0 response; that is, 
most subjects perceived at least some visuotactile apparent 
motion at all delays. One subject did frequently respond 
with a 0 (in Figure 1B, the line that goes below 1), but only 
at low SOAs. Even this subject had an average response 
of 3 at higher SOAs. Overall, multimodal apparent motion 
and the tactile apparent motion were given worse quality 
ratings than visual apparent motion (maximum quality of 
multimodal 2.9, tactile 3.6, and visual 4.4).

Discussion
The results confirm that visuotactile multimodal appar-

ent motion exists and is comparable to visual and tactile 
apparent motion at longer delays. Most subjects perceived 
some degree of multimodal apparent motion even at very 
short SOAs, and all perceived a reasonable degree of ap-
parent motion at longer delays.

These results differ from those of Allen and Kolers 
(1981). None of their subjects perceived true multimodal 
apparent motion, although they tested audiovisual stim-
uli. Some of Allen and Kolers’s subjects initially reported 
some multimodal motion effects, but they seemed to have 
perceived gamma motion (the light appeared to loom in 
and out from the location of the sound). Since the moving 
object in gamma motion was a light—not a multimodal 
object—it was not true intermodal multimodal apparent 
motion. Our subjects, on the other hand, were in a fully lit 
room, making gamma motion unlikely. Further, no sub-

ticular SOA that was chosen at random from a predetermined set (50, 
75, 100, 125, 150, 175, 200, 225, 250, 275, 300 msec). This set was 
specifically chosen to include those values used by previous research-
ers (e.g., Allen & Kolers, 1981; Burtt, 1917a, 1917b; Zapparoli & 
Reatto, 1969). The stimuli alternated (with a given SOA), potentially 
creating apparent motion that bounced back and forth. After the appar-
ent motion stimulus terminated, subjects gave an unspeeded response 
before receiving the next stimulus trial. Participants were instructed 
to indicate—by means of pressing the appropriate key on a key pad 
(0–6)—the quality of the perceived motion, where 1 was poor, 3 was 
ok but not ideal, and 5 was excellent. Zero was used if the subject did 
not perceive any motion or if the instruction made no sense. Finally, 
6 was available if the subject missed the stimulus (blinked, lost atten-
tion, fell asleep, etc.); however, a response of 6 was never used. Each 
of the 11 SOAs was repeated three times for each of the three stimulus 
pairs, for a total of 99 randomly presented stimulus pairs. The experi-
ment took approximately 20 min to complete.

Results
The average quality rating for each subject, each stimu-

lus type, and each SOA was determined. A repeated mea-
sures ANOVA (with Greenhouse–Geisser correction) was 
done, comparing the variation of quality judgments of 
apparent motion for light–light, touch–touch, and light–
touch across 11 SOAs. A significant main effect of stimu-
lus type was found [F(2,10)  6.21, p  .049], indicating 
that visual (M  3.48, SE  .27), tactile (M  3.12, SE  
.33), and visuotactile (M  2.16, SE  .22) apparent mo-
tion were different (see Figure 1A). A significant main 
effect of SOA was also found [F(10,50)  7.82, p  .009], 
indicating that the quality varied with SOA. Most interest-
ingly, there was a significant interaction effect between 
stimulus type and SOA [F(20,100)  3.60, p  .034], 
which showed that quality ratings for the three types of 
apparent motion varied differently with SOA.

In a post hoc ANOVA, we noted that at SOAs from 200 
to 300 msec, the quality judgments of visual, tactile, and 
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Figure 1. Quality of visual, tactile, and multimodal apparent motion. Subjects judged the quality of apparent motion on a 0–5 scale, 
where 0 indicated no motion perceived, 1 was poor, and 5 was excellent. (A) The quality of apparent motion between lights (solid line), 
between touches (dotted line), and between a light and a touch (dashed line), plotted as a function of stimulus onset asynchrony (SOA). 
(B) The quality judgment of visuotactile apparent motion for each subject as a function of SOA. At SOAs above 150 msec, all subjects 
perceived some multimodal apparent motion.
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ment 1, tactile and multimodal apparent motion quality 
ratings were equal for a range of SOAs, in Experiment 2, 
we presented subjects with the same SOAs as in Experi-
ment 1, but used a forced-choice paradigm in order to ob-
tain a “preferred delay.” Doing so enabled us to directly 
test Korte’s third law that the preferred delay would in-
crease as a function of distance for visual, tactile, and mul-
timodal apparent motion.

EXPERIMENT 2 
Preferred SOAs

Experiment 1 established that multimodal apparent mo-
tion between visual and tactile stimuli exists and is com-
parable to unimodal apparent motion—at least at certain 
SOAs. In order to see whether multimodal apparent mo-
tion shared some of the properties of unimodal apparent 
motion, we varied the distance between the stimuli and 
noted the SOAs that gave the best sensation of motion. If 
multimodal apparent motion followed Korte’s third law in 

jects reported the sensation of a single light moving to or 
from the location of the touch in the multimodal condition. 
Instead, subjects in the visuotactile condition reported 
perceiving some type of multimodal apparent motion, but 
they often described it as being “more causal” than the 
unimodal apparent motion. Our participants mainly in-
terpreted their perception like a switch flicking on a light 
or like a cannon firing that was felt on one hand and then 
the flash from the landing explosive was seen on the other 
hand. This high-level interpretation may be evidence that 
multimodal motion occurs at a higher level of processing 
than unimodal apparent motion (Strybel & Vatakis, 2004). 
On the other hand, “causal” multimodal apparent motion 
may, in fact, have a low-level basis, but subjects trying to 
express their perception may use high-level wording.

We have shown—for the first time—not just that mul-
timodal visuotactile apparent motion exists, but also how 
the quality of its perception varies with SOA. In the next 
experiment, we tested whether the preferred delay for 
apparent motion varied with distance. Since, in Experi-
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was preferred by a subject out of the two possibilities. Each pair of delays was presented to 
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as a function of SOA, and a logarithmic Gaussian fitted through the data. The peak of the 
Gaussian was taken as the preferred SOA, indicated by the vertical dashed line.
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indicates the mean preferred SOAs. The preferred SOAs 
for each subject at each distance are plotted on the right 
as a function of distance. Linear contrasts obtained from 
the ANOVA confirmed that the preferred SOA increased 
with distance [Flinear(1,5)  17.90, p  .004; 2

p  .782]. 
Nearly 80% of the variability in the preferred SOA can be 
accounted for by the distance between the two stimuli—a 
large effect of distance.

Touch–touch. Figure 3B plots the number of times 
each SOA was chosen as “preferred,” averaged across the 
6 subjects for tactile apparent motion between touches on 
the hands separated by 2, 10, or 56 cm. For unimodal ap-
parent motion between two touches, there was no signifi-
cant effect of interstimulus distance on the preferred SOA 
when we looked over the full range of distances tested 
(2–56 cm) [Flinear(1,5)  1.09, p  .17; 2

p  .18]. How-
ever, following observation of the data, the same test was 
conducted on the data collected at just the two shorter dis-
tances (2 and 10 cm). A significant and moderately sized 
linear effect was indeed present over this smaller range 
of distances [Flinear(1,5)  4.58, p  .042; 2

p  .48]. At 
smaller distances, nearly 50% of the variability in pre-
ferred SOA can be explained by distance.

Light–touch. Figure 3C plots the number of times 
each SOA was chosen as “preferred,” averaged across 
the 6 subjects for multimodal apparent motion between a 
light on one hand and a touch on the other, separated by 2, 
10, or 56 cm. For multimodal apparent motion between a 
touch and a light, an ANOVA confirmed that the preferred 
SOA did not change with distance [Flinear(1,5)  0.01, p  
.46; 2

p  .003].

Discussion
Light–light. Our suprathreshold measure of appar-

ent motion confirmed that the preferred SOA increased 
with distance. This variation with distance was first sug-
gested by Korte in 1915 and has been confirmed many 
times since (see, e.g., Koffka, 1931; Kolers, 1972). Since 
angular and linear distance have always covaried in these 
studies, we cannot tell which factor affected the preferred 
delay for apparent motion.

Touch–touch. Tactile apparent motion has previously 
been investigated for touches along the same body part 
(Burtt, 1917b; Kirman, 1974b; Lakatos & Shepard, 1997) 
and across empty space between the two hands or thighs 
(Sherrick, 1968; Sherrick & Rogers, 1966). Distance was 
shown to affect preferred SOA for tactile apparent mo-
tion along the same body part, but was not systematically 

the same way as unimodal apparent motion, it would sug-
gest similarities in their mechanisms.

Method
Participants were physically positioned in the same way as they 

were in Experiment 1, maintaining fixation on a point in between 
two stimuli (one on either hand) at a viewing distance of 50 cm. For 
each session, 10 SOAs were tested (40, 70, 100, 130, 160, 190, 220, 
250, 280, 310 msec). Subjects were presented with two pairs of stim-
uli in succession and were instructed to indicate by means of foot 
pedals which of the pairs evoked the “most convincing” motion. The 
experiment was repeated with light–light, touch–touch, and light–
touch stimulus pairs that were 2, 10, and 56 cm apart (2.3º, 11.5º, 
and 68.1º), resulting in a total of nine blocks, randomized across 
subjects in a counterbalanced design. Within a block, only one mo-
dality combination and one distance between the stimuli was used, 
so there were no comparisons made between different modalities or 
different distances. Each combination of delays was presented twice 
each way around (e.g., SOA of 40 msec for the first pair followed by 
100 msec for the second pair, and 100 msec followed by 40 msec). 
In each block, there were thus 180 comparisons (pairs with the same 
SOAs were not compared; see Figure 2A).

Each trial was initiated by pressing either of the foot pedals. The 
stimuli of the first pair then alternated back and forth with a particu-
lar SOA until the subject pressed a pedal. The second pair was then 
presented (with a different SOA), and it too repeated until the subject 
responded (subjects usually let the stimulus alternate one to four 
times). After the second pair was presented, the subject indicated 
which pair produced the more convincing percept of motion. The left 
foot pedal indicated that they preferred the first pair, and the right 
foot pedal indicated that they preferred the second.

Analysis. The pair that was chosen as “most convincing” was re-
corded (Figure 2A). The total number of times a particular SOA was 
chosen was scored. If a particular delay was selected as being more 
convincing than any of the others, then it would score a maximum 
of 36 (see Figure 2B). The number of times each SOA was chosen 
was then plotted as a function of the SOA (Figure 2C). A logarithmic 
Gaussian with the following function was then fitted:

Frequency (SOA)  a * exp{ 0.5 * [ln(SOA/SOA0)/b]2},

where a is the maximum frequency, SOA0 is the preferred SOA, and b 
is the standard deviation. A logarithmic function was chosen because 
of the skewed distribution inherent in this method. A preferred SOA 
value for each subject at each distance was thus found. Korte’s third law 
predicts a linear increase in preferred SOA with distance. Therefore, 
we utilized linear contrast effects from the repeated measures ANOVA 
to detect the presence of a true positive relationship between distance 
and SOA (see Table 1 for the corresponding table of means).

Results
Light–light. Figure 3A plots the number of times each 

SOA was chosen as “preferred,” averaged across the 6 sub-
jects for visual apparent motion for lights separated by 2, 
10, or 56 cm. The peak of the functions shown on the left 

Table 1 
Means (in Milliseconds) and Corresponding Standard Errors 

for Preferred SOAs (for Apparent Motion Evoked at Three Distances) 
and for Threshold SOAs (for Detecting the Direction of Motion at Three Distances)

Preferred SOA Threshold SOA

2 cm 10 cm 56 cm 2 cm 6 cm 18 cm

Motion Type  M  SE  M  SE  M  SE  M  SE  M  SE  M  SE

Visual 137.5 15.7 165.9 25.3 248.1 70.8 9.3 2.3 11.9 4.1 28.1 6.3
Tactile 184.4 49.0 230.8 88.6 170.9 35.0 34.0 4.3 39.1 8.0 47.2 7.1
Multimodal  192.9  109.3  181.6  56.8  188.4  65.2  56.6  7.3  50.4  6.8  52.4  5.9
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Figure 3. SOAs for preferred apparent motion. The graphs on the left plot the average number of times that each SOA was chosen as 
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Comparison of Unimodal 
and Multimodal Apparent Motion

Although visual apparent motion and tactile apparent 
motion (over modest distances) were both affected by the 
distance between the stimuli, the size of the effect was dif-
ferent. The two modalities did not have the same preferred 
SOA, and the slopes of the increases of SOA with distance 
were also not the same. However, the visual and tactile 
mechanisms do share some characteristics. For example, 
they are both described by Korte’s third law, whereas the 
multimodal and auditory mechanisms are not.

In order to further explore the similarities and differ-
ences between unimodal and multimodal motion process-
ing, Experiment 3 looked at the characteristics of motion 
perception at threshold.

EXPERIMENT 3 
Threshold SOAs

Korte’s (1915) laws were originally developed to describe 
suprathreshold preferred apparent motion. However, Lakatos 
and Shepard (1997) showed that the threshold for detecting 
the direction of apparent motion also varies with distance, in 
accordance with Korte’s third law. Unlike preferred motion, 
thresholds seemed to follow the rule for a broader range 
of modalities including visual, tactile, and auditory appar-
ent motion. This result suggests that—at least for auditory 
apparent motion—there may be separate mechanisms that 
process suprathreshold and threshold motion. The results of 
Experiment 2 suggested that the characteristics of the for-

investigated across empty space. The present experiment 
is the first to show that the perception of tactile appar-
ent motion varies with distance across the empty space 
between the hands—at least up to a separation of 10 cm. 
This requires that subjects integrate knowledge of where 
their hands are (proprioceptive cues) with the perception 
of motion. The perception of motion over a much larger 
distance (56 cm) may not follow  Korte’s third law, because 
it may be generated by a different mechanism than appar-
ent motion over smaller distances. The moderate effect 
size for touch–touch over smaller distances ( 2

p  .48) is 
smaller than the large effect size for light–light ( 2

p  .78), 
which suggests that more factors affect the quality of mo-
tion for touch–touch than for light–light. If the light–light 
and touch–touch apparent motions have different factors 
affecting them, or different weightings for each factor, 
then it suggests that they have different mechanisms.

Light–touch. A second new finding that emerged from 
Experiment 2 is that the preferred SOA for multimodal ap-
parent motion between a touch and a light was not affected 
by the distance that separated the stimuli, even over a range 
that affected both unimodal visual and tactile apparent mo-
tion. Since Korte’s third law was thus not supported by the 
data from the visuotactile condition, it seems that the mecha-
nism responsible for the perception of multimodal motion is 
different from the unimodal mechanisms. The mechanism 
responsible for the perception of visuotactile apparent mo-
tion may share similarities with long-distance tactile ap-
parent motion and auditory apparent motion mechanisms, 
which also do not follow Korte’s third law.

2 cm

6 cm

18 cm

r = 16 cm

A B

Figure 4. Setup for Experiment 3. (A) Photograph of a subject’s hands placed at points on a circle. The dashed line was not visible to 
the subject and is added to indicate the positions at which they held their hands. (B) All points on the circle had an eccentricity of 18º 
from the central fixation point. Stimuli were tested at separations of 2, 6, and 18 cm (2.3º, 6.9º, and 20.4º, respectively).
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rar & Harris, 2005). The PSE of each subject was therefore used 
as the zero point at which no motion was perceived, and the other 
points were expressed as the absolute time difference to the PSE. 
Thus, an SOA of 100 msec with a PSE of 11 msec would be 
scored as a relevant time difference of 89 msec. Responses could 
thus be converted to percent correct (Figure 5B) and plotted as a 
function of the relevant time difference. A second cumulative Gauss-
ian—forced between 50% and 100%—was fitted through these data 
from which the 75%-correct point was determined (see Lakatos & 
Shepard, 1997). The resulting direction thresholds were plotted as 
a function of the distance between the stimuli. The linear contrasts 
derived from the repeated measures ANOVA determined whether 
there was a significant linear effect of distance on threshold (see 
Table 1 for the corresponding table of means). One subject’s data 
were outliers (z score  3) and therefore were removed; the removal 
of this subject’s data did not affect the significance of any of the 
findings reported.

Results and Discussion
Light–light. Figure 6A shows the mean psychometric 

functions on the left and the threshold values plotted as 
a function of distance for each subject and for the mean 
on the right. For visual apparent motion, the threshold for 
direction discrimination increased as the distance between 
the two lights increased [Flinear(1,5)  10.65, p  .011], 
with a moderate effect size ( 2

p  .68) in accordance with 
Korte’s third law. This pattern was similar to that found 
for suprathreshold visual apparent motion in Experi-
ment 2; however, the threshold SOAs were much shorter 
than the “preferred” SOAs. This experiment specifically 
controlled for the possible confound of eccentricity, which 
did not have an effect on the linear relationship between 
distance and delay.

Touch–touch. Figure 6B shows the mean psychometric 
functions on the left and the threshold values as a function 
of distance for each subject and for the means on the right. 
For tactile apparent motion, as the distance between the 
two hands was increased, the threshold SOA also increased 

mer mechanism are not universal; however, the characteris-
tics for the latter may be. We therefore measured direction 
thresholds for stimuli at various separations to see whether 
visual, tactile, and visuotactile apparent motion SOA thresh-
olds varied linearly with distance.

Method
The threshold SOAs for direction discrimination of apparent mo-

tion between visual pairs, tactile pairs, and crossmodal visuotactile 
pairs were measured for stimulus separations of 2, 6, and 18 cm (cor-
responding to visual angles of 2.3º, 6.9º, and 20.7º at the viewing dis-
tance of 50 cm). Subjects fixated the center of a 16-cm radius circle 
with their hands (with stimuli attached; see the General Method sec-
tion) arranged at left–right symmetrical points around the circle (see 
Figure 4). In this way, an eccentricity of 18º was maintained while the 
interstimulus distances and corresponding visual angles were varied.

Three combinations of stimuli were tested: light left–light right, 
touch left–touch right, and light left–touch right, all randomly inter-
leaved. There were eight repetitions of 23 SOAs ( 110, 100, 90, 

80, 70, 60, 50, 40, 30, 20, 10, and 0 msec), where 
a negative delay indicates that the left stimulus was presented first. 
Each stimulus pair was presented once, and the subject indicated 
the perceived direction of motion: The stimuli were not repeated as 
they were in Experiments 1 and 2, since the task was to discriminate 
direction which would not be possible if the stimulus was bounc-
ing back and forth. Participants reported the perceived direction of 
motion (left or right) by use of the left and right foot pedals. The 
threshold was defined as the point at which the direction was cor-
rectly identified 75% of the time.

Analysis. The percentage of time that subjects responded “left” 
was plotted as a function of the SOA (Figure 5A). The data were 
fitted by a cumulative Gaussian:

 percentage of times
reported “left” (SOA)  100/{1  exp[ (SOA  PSE)/b]},

where b is the standard deviation and the point of subjective equality 
(PSE) is the SOA at which subjects were equally likely to perceive 
motion going left or right (the point of subjective equality). The PSE 
was not necessarily at 0, especially for multimodal motion, because 
of the different processing times for visual and tactile stimuli (Har-
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Figure 5. Analysis for Experiment 3. (A) A cumulative Gaussian function was fitted to the number of times that subjects responded 
“left” as a function of the SOA. The point on the curve where subjects were equally likely to say “left” or “right” (the 50% point) 
represented the individual subject’s point of subjective equality (PSE). (B) For each subject, the percent correct (gray circles, correct 
response is “left”; black circles, correct response is “right”) was then plotted as a function of the absolute difference between the SOA 
and PSE. Another cumulative Gaussian was fitted to the percent correct responses, forced between 50% and 100%. Threshold was 
defined as the SOA required for the subjects to correctly identify the direction of apparent motion 75% of the time.
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Figure 6. Thresholds of apparent motion vary with distance. Left panels: The percentage correct is plotted as a function of the 
relevant timing difference (the absolute difference between the SOA and the PSE as derived in Figure 5 and described in the text). 
Cumulative Gaussians are plotted through the data for each distance (shown as averages with standard error bars: filled circles and 
black lines, 2 cm; open circles and gray lines, 6 cm; filled triangles and dashed lines, 18 cm). The 75% points (indicated by the hori-
zontal dashed lines) were taken as the thresholds. Right panels: Thresholds are plotted as a function of distance for each subject (thin 
lines), and for all the data pooled (thick lines), with standard error bars.
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Angular Versus Linear
The methodology used in Experiment 3 rules out ef-

fects of eccentricity, but angular versus linear distance 
are still confounded. Koffka (1931) and Korte (1915) 
also confounded the angular and the physical distance be-
tween their stimuli. Further experiments need to be done 
to examine whether the effect depends on either or both 
of these variables. Such an experiment would need to pay 
careful attention to controlling for variations in intensity, 
stimulus size, and distance cues (binocular and monocu-
lar). If receptive fields in touch are analogous to angles in 
vision, then similar experiments could be done for tactile 
apparent motion on different body parts with varying re-
ceptive field sizes.

A Suprasensory Motion Mechanism?
The idea of a supramodal, motion-extracting system 

was postulated by Aristotle (trans. 1984) in his notion of 
a sensus communis, a “common sensible of movement . . . 
that [is] not special to any one sense, but [is] common to 
all.”2 Just as visual and vestibular cues are integrated by a 
common intramodal self-motion detecting mechanism to 
evoke a sense of vection, might there also be integration 
of visual and tactile motion signals by a motion-sensitive 
sensus communis? Within vision, apparent motion can be 
experienced between objects with clearly differing forms 
(Burt & Sperling, 1981); it is not necessary that the stim-
uli match. From observations of this kind, Kolers (1972) 
concluded that “the visual system responds to locations 
of stimulation and infers or creates changes of figure to 
resolve that disparity” (p. 57). If similarity of form is not 
necessary for visual apparent motion, then it seems rea-
sonable to suggest that multimodal stimuli could converge 
into a single perception of motion.

Multimodal apparent motion might be created by a pro-
cess of multisensory integration (see Spence, Sanabria, 
& Soto-Faraco, 2007, for a historical discussion of mul-
timodal apparent motion); we suggest two such models 
of integration. First, multisensory integration can occur 
in space (Craig, 2005) and/or in time (spatial ventrilo-
quism, Thurlow & Jack, 1973; temporal ventriloquism, 
Aschersleben & Bertelson, 2003). The result of such inte-
grations could then feed into a single supramodal motion 
mechanism. In such a mechanism, the location and tem-
poral cues are extracted from the sensory input and are not 
tagged as originating from any particular modality. How-
ever, the differences between unimodal and multimodal 
apparent motion described in our experiments suggest that 
it is unlikely that vision and touch share a single motion 
detecting mechanism.

Alternatively, suprasensory multimodal motion could re-
sult from a combination of unimodal motion (Lyons, San-
abria, Vatakis, & Spence, 2006). Such a model does not 
require that visual, tactile, and multimodal apparent mo-
tion follow the same laws, since each has a distinct motion 
mechanism. The multimodal combination could be either 
statistically optimal (Soto-Faraco, Spence, & Kingstone, 
2004) or such that visual motion dominates tactile motion 
perception (Craig, 2006). Our present data indeed suggest 
separate motion mechanisms for multimodal and unimodal 

[Flinear(1,5)  16.72, p  .005], with a moderately large ef-
fect size ( 2

p  .77—even larger than that for light–light).
The linear relationship (between the threshold for de-

termining the direction of tactile apparent motion and 
distance) applied to the whole range of distances tested 
in Experiment 3 (18 cm). Similar findings were reported 
by Lakatos and Shepard (1997), who investigated tactile 
apparent motion with stimulators separated over the palm 
of the hand or around the head. In their experiments, the 
distances between the stimulators were determined ex-
clusively by where they were on the body. In our experi-
ments, the distance between the two stimulators was var-
ied by moving the hands apart; the distance between the 
stimulators in our experiments was thus determined by 
both the location of the hands in space (proprioception) 
and the body location stimulated. As in Experiment 2, 
we found that for tactile apparent motion, propriocep-
tive knowledge is integrated with somatosensory infor-
mation to produce the percept of movement between the 
two hands (see also Dassonville, 1995; Sanabria, Soto-
Faraco, & Spence, 2005).

For direction thresholds, the effect sizes were similar for 
light–light (.68) and for touch–touch (.77), suggesting that 
around 70% of the variability in thresholds can be explained 
by the distance between the stimuli. Here, touch–touch does 
not seem to have more factors affecting the threshold than 
light–light, as it did in preferred SOA judgments.

Light–touch. For visuotactile apparent motion, the 
threshold SOA did not significantly change as the distance 
between the two hands changed [Flinear(1,5)  2.03, p  
.102; 2

p  .29; see Figure 6C].
Visuotactile apparent motion had a threshold delay for 

direction discrimination of around 50 msec that did not 
vary.1 This lack of an effect of distance was similar to the 
results of Experiment 2 concerning suprathreshold multi-
modal apparent motion although, of course, the threshold 
SOAs (about 50 msec) were much smaller than the “pre-
ferred” values (about 175 msec).

GENERAL DISCUSSION

These experiments have confirmed that multimodal 
motion between lights and touches can occur. Although 
apparent motion between two lights obeys Korte’s third 
law, in the touch system this is only true for separations 
up to around 20 cm (when stimuli are on different hands). 
Multimodal apparent motion between a touch and a light 
does not seem to depend on distance.

The SOA for correctly determining the direction of vi-
sual or tactile apparent motion increases with an increase 
in distance and is unaffected for visuotactile motion by 
distance. In contrast, the threshold SOA for correctly de-
termining temporal order of tactile (Shore, Gray, Spry, & 
Spence, 2005) or visuotactile (Spence, Baddeley, Zam-
pini, James, & Shore, 2003; Spence, Shore, & Klein, 
2001) stimuli decreases with an increase in distance. This 
result suggests that subjects are not simply responding to 
the temporal order of the stimuli. Other studies testing the 
robustness of the multimodal visuotactile apparent motion 
can be done, such as habituation and priming.
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NOTES

1. Although no significant effect of distance was found, a moder-
ate effect size was detected, suggesting that our sample size might not 
have been large enough to detect the presence of an effect of distance. 
Therefore, we decided to further explore the possibility of an effect in 
this condition. The same experiment had been conducted on 4 left- and 
7 right-handed subjects, and no difference between the two groups had 
been found (right-handed subjects reported above, one outlier removed). 
We now pooled the data from the two groups, for a total of 10 subjects. 
With the larger number of subjects, the possible effect disappeared com-
pletely [Flinear(1,9)  0.001, p  .49; 2

p  .00]. We therefore conclude 
that, overall, there was no effect of distance on visuotactile apparent 
motion threshold.

2. Aristotle (trans. 1984), 418a (p. 665). See Marks (1978) for a his-
tory of the sensus communis concept.

(Manuscript received August 7, 2006; 
revision accepted for publication January 21, 2008.)

motion processing. Explaining the mechanism for motion 
processing within and across the different senses will hold 
the key to understanding how redundant information about 
space and time are integrated across the senses.
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