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Abstract:  The perception of 3-D shape from binocular disparity depends on the estimation of viewing 
distance. Therefore, in the absence of good distance information, an observer misestimates the viewing 
distance and perceives a wrong depth for an object. While motion depth cues can theoretically overcome 
this problem, past studies have reported inconsistent results. We examined whether differences in the 
amount of monocular shape information between the stimuli used in these past studies can resolve the 
discrepancy. The amount of information was manipulated by changing the presence of object boundaries, 
dot density, and rotation angles. The results indicate the effect of the amount of monocular shape 
information and thus suggest its significance in accounting for the discrepancies among past studies. It 
should also be noted that shape factors interact with viewing distance. Motion cues cannot correct distortion 
at near viewing distance. This suggests that the cue that gives the larger depth dominates in determining 
perceived shape. 
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The veridical depth perception from binocular disparity requires information about viewing distance (the 
absolute distance between the observer and the object) and interocular separation. Therefore, in the 
absence of good distance information, an observer misestimates viewing distance and perceives wrong 
depth (Foley, 1980). The perceived 3-D shape of an object, which is defined as the ratio between depth 
and height, also becomes distorted when the viewing distance is misestimated, because disparities scale 
approximately inversely with the square of the viewing distance, while the size (height and width) of the 
object scales inversely with the viewing distance (Foley, 1980; Johnston, 1991). In contrast, the perceived 
shape from motion is not affected by the estimation of the viewing distance because depth from relative 
motion scales linearly with distance. 

When both stereo and motion cues are combined, the information of the veridical shape is obtained 
from motion cue and the estimation of viewing distance can be derived by selecting the distance for 
which the shape from stereo are in agreement with the veridical shape from motion cue. From the 
information of shape and viewing distance, veridical metric value of size and depth can be calculated. 
Therefore, theoretically, when both stereo and motion cues are provided, these cues compensate the 
information from each other and the stereo scaling problem should be solved (Johnston, Cumming, & 
Landy, 1994; Landy, Maloney, Johnston, & Young, 1995; Richards, 1985). 

However, past studies have reported inconsistent results. Several studies support this hypothesis 
(Bradshaw, Parton, & Eagle, 1998; Johnston et al., 1994; Richards & Lieberman, 1985) but others do not 
(Bradshaw, Frisby, & Mayhew, 1987; Brenner & Landy, 1999; Scarfe & Hibbard, 2006; Tittle, Todd, 
Perotti, & Norman, 1995; Todd & Norman, 2003). A clear contrast was seen between studies by Johnston 
et al. (1994) and by Tittle et al. (1995), where this issue was examined using similar methods (a shape 
judgment task of hemi-cylinders), but inconsistent results were reported. Johnston et al. (1994) found no 
distortion of perceived shape for combined cues, but distortions for the perceived shape from stereo alone. 
In contrast, Tittle et al. (1995) found distortions of perceived shape for combined cues as well as for 
shape from stereo alone. We suspect this inconsistency might be from the differences between their 
stimuli. First, the hemi-cylindrical objects used by Johnston et al. (1994) had object boundaries, whereas 
Tittle et al. (1995) eliminated the boundaries as a source of shape information. Second, the surface of the 
stimuli was textured with small spherical patches, which generated clear texture cues such as compression 
in Johnston et al. (1994), while Tittle et al. (1995) used random dot stereograms with minimal texture 
cues. Third, the rotation angle of the cylindrical object that provided the motion shape information was 
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16–30 deg in Johnston et al. (1994) but 10 deg in Tittle et al. (1995). In short, the stimuli used by 
Johnston et al. (1994) had richer monocular shape cue information than those of Tittle et al. (1995). It is 
likely that, with the stimuli of Tittle et al. (1995), the information from the monocular shape cues was 
insufficient to overcome the stereo scaling problem. In this study, we investigated the effects of the 
amount of monocular shape cue information by manipulating the presence of the object boundary, the 
number of dots which composed the random dot stereograms, and the rotation angle. 

In the present study, we controlled the cues for the estimation of viewing distance. There were cues to 
perceive veridical viewing distance such as vergence angle and retinal size in past studies. The results of 
Johnston et al. (1994) should not necessarily be used to conclude that motion information overcame the 
stereo scaling problem at a near viewing distance, as there was no specific tendency of distortion of 
perceived shape from stereo cue alone in the first place. We suspect that there was enough information to 
obtain the veridical distance perception in the condition and it made the shape perception veridical. In the 
hypothesis of Richards (1985), the perceived shape with motion and stereo cues should be veridical even 
when there is no viewing distance information. Therefore, to control the viewing distance information, we 
set the vergence angle of participants to be zero (i.e., the visual axes of both eyes are parallel), although 
the binocular disparities of the objects were generated with a simulated vergence angle of each viewing 
distance condition. We also did not change the retinal size of the stimuli manipulating the simulated 
physical size so as to make the retinal size identical regardless of simulated distance. 

Experiment 1 Effects of object boundary 

Object boundary is a strong cue by which to perceive the 3-D shape of an object (e.g., Cortese & 
Andersen, 1991; Koenderink, 1984; Koenderink, van Doorn, Kappers, & Todd, 1997). To avoid 
contaminations from the boundary cue, Tittle et al. (1995) eliminated object boundaries by simulating 
displays viewing through a rectangular aperture (Figure 1). In contrast, Johnston et al. (1994) had no 
consideration on this point, and the stimuli had object boundaries. This difference might cause the 
inconsistent results between these two studies. In Experiment 1, we examined whether the presence and 
absence of object boundaries influenced the perceived shape when stereo and motion cues were 
combined. 

Methods 

Participants. Four participants, including one of the authors, participated in the experiment. Three of the 
participants were myopic and wore their optical correction to perform the experiments. All participants 
were well trained and had good stereopsis. All participants except one of the authors were unaware of the 
specific aims of the experiment. 
Stimuli and apparatus. The stimuli were horizontally oriented cylinders that were composed of bright 
random dots on a dark background. The position of the dots was determined using the ray-tracing method. 
An anti-aliasing method was used to produce the subpixel positioning. The highest luminance was 
38.3 cd/m2 and the luminance of the background was less than 1 cd/m2. The stimuli were generated on a 
personal computer and presented on a 20-in. CRT monitor (Sony Multiscan 20se) which had a spatial 
resolution of 1024 × 768 pixels with a temporal refresh rate of 120 Hz. 

There were three depth cue conditions (static binocular stereopsis, monocular motion rotating about 
the vertical axis, and combined motion and stereopsis) and two object boundary conditions (with and 
without object boundaries). The simulated viewing distances were 57, 114, and 171 cm. The stimuli 
oscillated 30 deg (±15 deg from a frontoparallel orientation) in the motion and the combined cue 
conditions. The speed of rotation was randomized from 30 to 60 deg/s. The object boundaries were 
eliminated using the same way as Tittle et al. (1995) in the no boundary condition. The stimuli subtended 
4 deg horizontally and 3 deg vertically, both in the visual angle, when the stimuli were in a frontoparallel 
orientation. The dot density on the surface of the stimuli was 3%. The dots were uniformly distributed for 
a frontoparallel view of the surfaces with orthogonal projection. The dot density is defined in terms of this 
orthogonal projection. The vergence angle of the participant was set to 0 deg regardless of the simulated 
viewing distance condition and the optical distance was fixed to 114 cm. Thus, the term “viewing 
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distance” in our experiment does not refer to the optical distance but the simulated distance. Stimuli in 
different viewing distance conditions varied in both horizontal and vertical disparity and texture gradient 
generated by perspective projection. As the retinal size of the stimuli was small, the vertical disparity had 
little or no effect on the perceived shape of the cylindrical surfaces (Rogers & Bradshaw, 1995). The 
experiments were conducted in a completely dark room. A chin-rest was used to minimize head 
movement and the participants viewed the stimuli through a mirror stereoscope. No fixation point was 
provided. 
Procedure. The participants adjusted the elongation in the depth axis of the cylindrical stimuli using a key 
press until the cross-section of the stimuli appeared circular (apparently circular cylinder (ACC) task, 
Johnston 1991). In other words, the participants adjusted the apparent depth of the stimuli equal to 
one-half of the height of the stimuli. The relative disparities between the center and the upper/lower edge 
of the simulated circular cylinders were 9.5, 4.7, and 3.1 min for the 57, 114, and 171 cm viewing 
distance conditions, respectively. 

The effects of three variables were examined: (a) depth cue types (static binocular stereopsis, 
monocular motion, or combined motion and stereopsis); (b) object boundary conditions (object boundary 
present or not); and (c) viewing distances (57, 114, or 171 cm). Thus there were 18 conditions in this 
experiment. In the monocular motion cue condition, stimuli were presented to only one of the eyes. Each 
participant performed 12 trials for each condition and the total number of trials for each participant was 
216. The stimuli were presented until the participants made a judgment. 

Results 

As all participants showed the same tendency, the average data are presented in Figure 2. The left panel 
shows the results for the boundary present conditions and the right panel shows those for the no boundary 
conditions. In each panel, the ratio between depth and half-height was plotted as a function of viewing 
distance. This ratio is an index of 3-D shape perception. As this ratio is inversely related to perceived 
depth, the values less than one indicate an overestimation of depth and the values greater than one 
indicate an underestimation of depth. 

The perceived shape from stereo alone varied depending on the simulated viewing distance. The 
perceived shape was overestimated when the simulated distance was near (57 cm) and underestimated 
when the simulated distance was far (171 cm). These results seem to indicate that the visual system used a 
“default” viewing distance when there was little cue for distance (Gogel, 1972) and this default value did 
not change greatly between distance conditions. There was little effect of vergence angle on estimating 
viewing distances, because the perceived shape was not overestimated much even though vergence was 
kept at 0 deg, which, by itself, indicates infinite viewing distance. The perceived shape from motion alone 
was slightly overestimated but close to veridical at all distances. 

The perceived shape in the combined cue condition, which is the main focus of this study, showed 
different results from the stereo and motion cue alone conditions, suggesting effects of the interaction of 
both cues. The results also showed that the perceived depth was larger when the object boundary was 
present than not present at 114 cm and 171 cm, suggesting effects of the presence of the object boundary. 
The perceived shape at 57 cm, however, was overestimated irrespective of the presence of the object 
boundaries. The amount of overestimation was similar to that found in the stereo alone condition. 

The data were analyzed using repeated measures of three-way analysis of variance (ANOVA). The 
analysis revealed significant effects of depth cue type, F(2, 6) = 29.77, p < .01, viewing distance, F(2, 
6) = 127.03, p < .01, but no significant effect of object boundary. The analysis also revealed significant 
effects of two-way interaction between depth cue type and viewing distance, F(4, 12) = 105.33, p < .01, 
and three-way interaction among depth cue type, object boundary, and viewing distance, F(2, 6) = 29.77, 
p < .01, but no other interaction effects. 

The separated simple main effects analysis of depth cue type revealed that when object boundaries 
were absent and the viewing distance was 171 cm, the perceived shape with combined cues was 
significantly different from that with motion cue alone, p < .05. In contrast, the analysis revealed that 
when object boundaries were present and the viewing distance was 114 cm or 171 cm, the perceived 
shape with combined cues was significantly different from that with the stereo cue alone, p < .05. The 
analysis also revealed that when object boundaries were present and the viewing distance was 57 cm, the 
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perceived shape with combined cues was significantly different from that with the motion cue alone, 
p < .05. The separated simple main effects analysis of object boundaries revealed that when the viewing 
distance was 171 cm and the combined cue was present, the effect of object boundaries was significant, 
p < .05. There was no significant effect of object boundaries in other conditions. 

Discussion 

When object boundaries were absent, the perceived shape from the combined cue at the far (171 cm) 
viewing distance was not equal to that obtained from motion alone. This tendency is consistent with the 
results of Tittle et al. (1995). In contrast, when object boundaries were present, the perceived shape at the 
far viewing distance was nearly equal to that from motion alone. These results seem to indicate that the 
shape from motion overcame the depth perception from stereo cue and was consistent with the results of 
Johnston et al. (1994). As the results of both Tittle et al. (1995) and Johnston et al. (1994) were obtained 
depending on whether object boundary was present or not, the inconsistency between these two studies 
should be attributed to, at least partially, the presence or absence of object boundaries. There was no 
significant effect of object boundaries in the stereo alone and motion alone conditions. As the cylindrical 
stimuli were in a frontoparallel orientation in the stereo alone condition, the shape cue of the object 
boundaries was weak and there appeared to be no significant effect. As the perceived shape from the 
motion cue was nearly veridical even if object boundaries were absent, there appeared to be no significant 
effect. 

It should be noted that even when the object boundary was present, the perceived shape from the 
combined cue was overestimated and nearly equal to that for stereo alone at the near viewing distance. 
Thus, at this distance, the motion cue was not enough to readjust the depth determined by the stereo cue. 
These results are inconsistent with the hypothesis of Richards (1985) and the results of Johnston et al. 
(1994). 

Experiment 2 Effects of dot density 

The results in Experiment 1 revealed that object boundaries influenced shape perception from the 
combined cue. However, at the nearest viewing distance, the perceived shape was not affected by the 
presence of object boundaries and was nearly equal to that from stereo alone with distortions. Thus, at the 
nearest viewing distance, we did not obtain results that were consistent with those of Johnston et al. 
(1994), even when the object boundaries were present. In Experiment 1, we used 3% dot density, which 
was close to that used by Tittle et al. (1995). In contrast, the stimuli used by Johnston et al. (1994) were 
textured with small spherical patches and had clear object boundaries. Therefore, the distorted perceived 
shape from the combined cue at the near viewing distance may have resulted from weak object 
boundaries generated by the sparse dot density used in Experiment 1. When the dot density increased, the 
object boundary became clearer, and perceived shape from motion may overcome the perception of 
overestimated depth by stereo cue at the near viewing distance. We investigated this point by using the 
stimuli with an increased dot density. 

We also investigated whether the shape from motion with increased dot density could overcome the 
stereo scaling problem even in the no object boundary condition. As the dot density becomes higher, 
motion energy becomes larger and the amount of motion information increases. Although higher dot 
density also increases information from stereo cues, the change of dot density may provide enough 
monocular shape information and cause the perceived shape with the combined cue to be more veridical 
even in the no object boundary condition. 

Methods 

The same four participants from Experiment 1 participated in this experiment. The stimulus and the 
apparatus were identical to those used in Experiment 1, except that the dot density of the stimuli was 
increased to 10%. The participants’ task was the ACC task, as in Experiment 1. 
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Results 

The average data from four participants are presented in Figure 3. The left panel shows the results for the 
boundary present conditions and the right panel shows those for the no boundary conditions. The 
perceived shape from stereo alone and motion alone showed similar tendencies as for Experiment 1. That 
is, the perceived shape from stereo alone was affected by the simulated viewing distance while the 
perceived shape from motion alone was close to veridical and not affected by the simulated viewing 
distance. In contrast to the results of Experiment 1, the perceived shape from the combined cue did not 
change depending on the presence or absence of object boundaries. In both boundary conditions, the 
perceived shape at 171 cm was nearly equal to that from motion alone and the perceived shape at 57 cm 
was nearly equal to that from stereo alone. 

The data were analyzed using repeated measures of three-way ANOVA. The analysis revealed 
significant effects of depth cue type, F(2, 6) = 6.42, p < .05, and viewing distance, F(2, 6) = 286.92, 
p < .01, but no significant effect of object boundary. The analysis also revealed a significant effect of 
two-way interaction between depth cue type and viewing distance, F(4, 12) = 46.68, p < .01, but no other 
two-way interaction nor a three-way interaction among depth cue type, object boundary, and viewing 
distance. The separated simple main effects analysis of object boundaries showed no significant effect. 

We also analyzed the data of the perceived shape from the combined cue in both Experiment 1 and 2 to 
investigate the effect of the dot density. The analysis of three-way ANOVA revealed significant effects of 
viewing distance, F(2, 6) = 61.14, p < .01, and a ,three-way interaction among dot density, depth cue type 
and viewing distance, F(2, 6) = 19.86, but no significant effect of dot density or object boundary, nor any 
two-way interaction effects. The separated simple main effects analysis of dot density revealed that when 
the viewing distance was 171 cm and object boundaries were not present, there was a significant effect of 
dot density, p < .05. 

Discussion 

In Experiment 2, the perceived shape from the combined cue at 57 cm was nearly equal to that from the 
stereo cue alone, regardless of the presence or absence of object boundaries. Similar results had been 
found in Experiment 1, and these indicate that the dot density had no effect on shape perception at near 
viewing distances. Thus, even when the object boundary was clearer, the perceived shape at the near 
viewing distance was still determined using the stereo cue. The most striking difference from the results 
of Experiment 1 was found at the far viewing distance with no object boundaries. Here, the perceived 
shape was nearly equal to that from motion alone. This result might arise from larger motion energy and 
an increased amount of motion information with increased dot density. 

The results at the far viewing distance with object boundary or with higher dot density are similar to 
those of Johnston et al. (1994) and the results without object boundaries and with lower dot density are 
similar to those of Tittle et al. (1995). The results thus indicate that the difference of the amount of the 
monocular shape cue information can account for the discrepancy between these two studies. However, 
the perceived shape from the combined cue at the nearest viewing distance was nearly equal to that from 
stereo alone even with relatively rich monocular shape information. These results are inconsistent with 
those of Johnston et al. (1994), as well as the theoretical analysis by Richards (1985). The abundance of 
monocular shape cue information cannot account for the discrepancy between these two studies at near 
viewing distances. We will discuss this point further in the general discussion section. 

Experiment 3 Effects of rotation angle 

In Experiment 3, we examined the inconsistency between Johnston et al. (1994) and Tittle et al. (1995) in 
terms of the rotation angle. The stimuli used in Johnston et al. (1994) rotated 16–30 deg while the stimuli 
used in Tittle et al. (1995) rotated 10 deg. For a smaller rotation angle, the motion information should be 
poorer, and the perceived shape from motion is more susceptible to noise (Eagle & Blake, 1995; 
Hogervorst & Eagle, 1998). Thus the difference in the amount of motion information caused by the 
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different rotation angles could be a source of inconsistency. The rotation angle of the stimuli in 
Experiments 1 and 2 was 30 deg. In this experiment, we decreased the rotation angle down to 10 deg 
(±5 deg from a frontoparallel orientation), which was equal to that used by Tittle et al. (1995). If the 
rotation angle is one of the reasons for the inconsistency between the two studies, the results for the 
combined cue condition in this experiment should be close to the result of Tittle et al. (1995). Although 
the decreasing rotation angle causes less information from the stereo cue as well as the motion cue, if the 
combined cue condition shows that the stereo scaling problem is not overcome and the effect of the stereo 
cue becomes larger, the results should occur because of insufficient information from the motion cue. 

Methods 

The same four participants from Experiments 1 and 2 participated in Experiment 3. The rotation angle of 
the stimuli was 10 deg. Object boundaries were not eliminated. Other methods were identical to those for 
Experiment 2. There were two variables: (a) depth cue types (static binocular stereopsis, monocular 
motion, or combined motion and stereopsis); and (b) viewing distances (57, 114, or 171 cm). The stimuli 
for the static stereopsis condition were identical to those in Experiment 2. There were nine conditions in 
this experiment and the participants performed 12 trials in each condition. The total number of trials for 
each participant was 108. 

Results 

The average data from four participants are presented in Figure 4. Similar to previous experiments, the 
perceived shape from stereo alone changed depending on the viewing distance, and the perceived shape 
from motion alone was close to veridical regardless of the viewing distance. The perceived shape from 
the combined cue at the far viewing distance was underestimated compared with the results of 
Experiment 2, in which the rotation angle was larger. In Experiment 2, the perceived shape from the 
combined cue was nearly equal to that from motion alone at 171 cm, while the perceived shape from the 
combined cue in Experiment 3, at 171 cm, was underestimated than that from motion alone. 

The data in this experiment and the data from the object boundary present condition in Experiment 2 
were analyzed using repeated measures of three-way ANOVA. The ANOVA revealed significant effects 
of viewing distance, F(2, 6) = 219.99, p < .01, a two-way interaction between the rotation angle and the 
depth cue type, F(2, 6) = 15.04, p < .01, and a two-way interaction between the depth cue type and the 
viewing distance, F(4, 12) = 52.47, p < .01, but no significant effects of two-way interaction between the 
rotation angle and the viewing distance, nor a three-way interaction among the rotation angle, the depth 
cue type, and the viewing distance. 

Discussion 

When the rotation angle is small (10 deg), the perceived shape from the combined cue at the far viewing 
distance was not equal to that from motion alone. This tendency is consistent with the results of Tittle 
et al. (1995). In contrast, when the rotation angle is large (30 deg) as in Experiment 2, the perceived shape 
at the far viewing distance was nearly equal to that from motion alone, which is consistent with the results 
of Johnston et al. (1994). As the results from bothTittle et al. (1995) and Johnston et al. (1994) were 
obtained depending on the extent of the rotation angle, the inconsistency between these two studies 
should also be accounted for by the rotation angle. 
 

General discussion 

The present results revealed that one of the reasons for the inconsistency among previous studies about 
the interaction of stereo and motion cues is the difference in the amount of information about the 
monocular shape. When the information about the monocular shape was insufficient, the perceived shape 
from the combined cue was not equal to that from motion alone. When it was sufficient, the perceived 
shape from the combined cue was equal to that from motion alone at the far viewing distance. From these 
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results, it can be said that the amount of information about the monocular shape in the stimuli of Tittle 
et al. (1995) was not sufficient, so that the results they produced were inconsistent with those of Johnston 
et al. (1994). 

However, it should be noted that the perceived shape from the combined cue at the near viewing 
distance is similar to that from stereo alone even when the information about the monocular shape is 
abundant. This cannot be explained by the hypothesis of Johnston et al. (1994), that when the stereo and 
motion cues are combined the veridical shape is perceived using the motion cue. To account for this 
point, we propose a new hypothesis, which is that the perceived depth of an object is determined using the 
cue which shows the larger depth estimation of the object when multiple cues are combined. The depth 
cues which are obtained from the visual scene change from situation to situation and are not necessarily 
sufficient in some cases (Gepshtein & Banks, 2003; Jacobs, 2002). If the depth is preferentially perceived 
using the cue which gives larger depth with sufficient information and is not influenced by the cue which 
gives smaller depth, the constant and veridical depth can be perceived. This aspect of our hypothesis is 
close to the modified weak fusion model (Landy et al., 1995), which suggests that the weights of the cues 
are malleable to the reliability and availability of each cue (Hillis, Watt, Landy, & Banks, 2004; Landy 
et al., 1995). As the perceived shape from the stereo cue at the far viewing distance is underestimated 
because of the stereo scaling problem, becoming less vulnerable to such a misestimation is effective for 
perceiving the veridical depth. The present results also indicate that when the information of the cue that 
provides larger depth is insufficient, such as the motion cue with no object boundary or a small rotation 
angle, the weight of the motion cue becomes less and the perceived depth is not equal to that from the 
motion cue alone, which shows larger depth. If the motion information is sufficient, the weight of the 
stereo cue which causes underestimation becomes zero. Thus, the criteria of sufficiency of the depth cue 
in this study can be defined whether the cue that gives the larger depth determines the depth perception of 
an object. 

From this hypothesis, the perceived depth would be erroneously determined using the stereo cue, 
which overestimates the depth derived from the stereo scaling problem at the near viewing distance. 
However, in the real world, the amount of information for viewing distance is much different from this 
study, in which there are very few cues for viewing distance. The perceived depth from the stereo cue will 
be veridical with various viewing distance information at a near viewing distance in the real world. For 
example, the veridical cue of the vergence angle can be obtained in the real world. The vergence angle is 
a strong cue and when viewing distance is near the estimation is accurate (Mon-Williams & Tresilian, 
2000). Also, in the experiment of Johnston et al. (1994), the viewing distance was physically changed and 
observers could obtain much of the viewing distance information, such as the vergence angle, 
accommodation, and retinal size, resulting in veridical shape perception from the stereo cue alone. Thus, 
at the near viewing distance, it cannot exactly be said that the motion information resolved the stereo 
scaling problem. Those results in Johnston et al. (1994) can be explained by our hypothesis that the cue 
which provides the larger depth determines the final depth perception. 

The perceived depth at the 114 cm viewing distance with the combined cue was larger than the motion 
or the stereo cue alone condition if the monocular shape cue is abundant, although there was no 
significant effect of depth cue type in this viewing distance condition. This cannot be explained by our 
hypothesis. To explain this result, we propose the additional hypothesis that if the perceived depth with 
each cue is similar and the cue information is abundant, the effect of each depth cue will be additive 
rather than averaged. 

In the hypothesis of Richards (1985) and Johnston et al. (1994), there is an assumption that shape from 
motion is unique and veridical. However, as the perceived shape with the combined cue was not equal to 
that with the motion cue alone when the viewing distance was near or when the information about the 
monocular shape is poor, these results indicate that shape from motion is unreliable (Norman & Todd, 
1993; Tittle et al., 1995; Todd & Bressan, 1990; Todd & Norman, 1991). Thus, when the perceived depth 
from the stereo cue is larger at a near viewing distance or when the monocular shape information is poor, 
the motion cue does not overcome the stereo scaling problem, but the shape from motion is conversely 
influenced by the stereo cue. 

In conclusion, when the stereo and motion cues are integrated, the perceived depth depends on the 
amount of monocular shape information and it is determined by the cue which gives larger depth, at least 
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with an abundant amount of cue information and with poor viewing distance information. In the studies of 
depth cue interaction, there are many studies that report inconsistent results. These factors could explain 
the inconsistency in these previous studies. 
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Figure 1 A schematic view of the cylinder stimuli in which the object boundary was eliminated. 
 
Figure 2 Depth/half height ratio for cylinders which appeared circular: (a) with object boundary, and (b) 
no object boundary. The rotation angle was 30 deg in the motion and the combined cue conditions. The 
dot density was 3%. Error bars indicate standard deviations. 
 
Figure 3 Depth/half height ratio for cylinders which appeared circular: (a) with object boundary, and (b) 
no object boundary. The rotation angle was 30 deg in the motion and the combined cue conditions. The 
dot density was 10%. Error bars indicate standard deviations. 
 
Figure 4 Depth/half height ratio for cylinders which appeared circular. The object boundary was present. 
The rotation angle was 10 deg in the motion and the combined cue conditions. The dot density was 10 %. 
Error bars indicate standard deviations. 
 
 



 

26 
 

 

 

 

 

 

 

 

Figure 1 



     
F

ig
ur

e 
2

 

 
 

0
0.

2
0.

4
0.

6
0.

81
1.

2
1.

4
1.

6
1.

82
2.

2

57
11

4
17

1

Depth/Height Ratio of

Apparently Circular Cylinder

Si
m

ul
at

ed
 V

ie
w

in
g 

D
is

ta
nc

e 
(c

m
)

M
ot

io
n

St
er

eo
C

om
bi

ne
d

0
0.

2
0.

4
0.

6
0.

81
1.

2
1.

4
1.

6
1.

82
2.

2

57
11

4
17

1

Si
m

ul
at

ed
 V

ie
w

in
g 

D
is

ta
nc

e 
(c

m
)

S
im

ul
at

ed
 V

ie
w

in
g 

D
is

ta
nc

e 
(c

m
) 

W
ith

 O
bj

ec
t B

ou
nd

ar
y 

N
o 

O
bj

ec
t B

ou
nd

ar
y 

D
ot

 D
en

si
ty

 =
 3

%
 

R
ot

at
io

n 
A

ng
le

 o
f M

ot
io

n 
C

ue
 =

 3
0 

de
g 

O
ve

re
st

im
at

ed
 

U
nd

er
es

tim
at

ed
 



    
 

0
0.

2
0.

4
0.

6
0.

81
1.

2
1.

4
1.

6
1.

82
2.

2

57
11

4
17

1

Depth/Height Ratio of

Apparently Circular Cylinder

Si
m

ul
at

ed
 V

ie
w

in
g 

D
is

ta
nc

e 
(c

m
)

M
ot

io
n

St
er

eo
Co

m
bi

ne
d

0
0.

2
0.

4
0.

6
0.

81
1.

2
1.

4
1.

6
1.

82
2.

2

57
11

4
17

1

Si
m

ul
at

ed
 V

ie
wi

ng
 D

is
ta

nc
e 

(c
m

)
S

im
ul

at
ed

 V
ie

w
in

g 
D

is
ta

nc
e 

(c
m

) 

W
ith

 O
bj

ec
t B

ou
nd

ar
y 

N
o 

O
bj

ec
t B

ou
nd

ar
y 

D
ot

 D
en

si
ty

 =
10

%
 

R
ot

at
io

n 
A

ng
le

 o
f M

ot
io

n 
C

ue
 =

 3
0 

de
g 

F
ig

ur
e 

3
 



  

0
0.

2
0.

4
0.

6
0.

81
1.

2
1.

4
1.

6
1.

82
2.

2

57
11

4
17

1

Depth/Height Ratio of

Apparently Circular Cylinder

Si
m

ul
at

ed
 V

ie
w

in
g 

D
is

ta
nc

e 
(c

m
)

M
ot

io
n

St
er

eo
C

om
bi

ne
d

D
ot

 D
en

si
ty

 =
10

%
 

R
ot

at
io

n 
A

ng
le

 o
f M

ot
io

n 
C

ue
 =

 1
0 

de
g 

W
ith

 O
bj

ec
t B

ou
nd

ar
y 

S
im

ul
at

ed
 V

ie
w

in
g 

D
is

ta
nc

e 
(c

m
) 

F
ig

ur
e 

4
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


