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Gunnar Johansson (1973) was the first to introduce the 
point-light method to investigate the perception of bio-
logical motion. He attached light-emitting bulbs or light-
reflecting patches to the bodies of moving actors and 
filmed them under such conditions that only the lights 
were perceptible for observers. Ever since, this point-
light technique has been widely used and refined by vi-
sion scientists studying human action perception. Dur-
ing the past decades, the research on biological motion 
has demonstrated the richness of information contained 
in these so-called point-light figures. Despite the strong 
degradation of visual information, observers are able to 
effortlessly extract a variety of behaviorally relevant in-
formation, such as the type of action (Dittrich, 1993; Van-
rie & Verfaillie, 2004), the identity of the actor (Cutting 
& Kozlowski, 1977; Loula, Prasad, Harber, & Shiffrar, 
2005), their gender (Kozlowski & Cutting, 1977; Pollick, 
Kay, Heim, & Stringer, 2005; Troje, 2002), emotional state 
(Dittrich, Troscianko, Lea, & Morgan, 1996; Montepare, 
Goldstein, & Clausen, 1987; Pollick, Paterson, Bruder-
lin, & Sanford, 2001), and age (Montepare & Zebrowitz-
McArthur, 1988). See Verfaillie (2000) for some notes on 
the early history of this line of research.

Only recently, however, has the in-depth perception of 
point-light figures been systematically investigated. Van-
rie, Dekeyser, and Verfaillie (2004) presented observers 
with an orthographic 2-D projection of a symmetrical 
point-light walker derived from the captured 3-D coordi-
nates of a walking human (for details, see Dekeyser, Ver-

faillie, & Vanrie, 2002). The stimulus is bistable, in the 
sense that it has two veridical and anatomically plausible 
interpretations of a human figure: The figure is either per-
ceived to be “facing the viewer” (FTV) or it is perceived 
to be “facing away” (FA) from the viewer (see Figure 1). 
More importantly, Vanrie et al. demonstrated that, despite 
the theoretically ambiguous nature of this stimulus, on av-
erage, people tend to interpret the walker as facing toward 
the observer in more than 80% of the cases.

Subsequent research on the in-depth perception of 
point-light figures (Vanrie & Verfaillie, 2006) demon-
strated perceptual bistability for other point-light actions 
(Vanrie & Verfaillie, 2004) but also revealed that the pres-
ence of a preferred interpretation strongly depends on the 
performed action, suggesting that the process of depth as-
signment takes into account the movements of the point-
light figure.

To date, it is still not clear why observers exhibit such 
a strong tendency to interpret some point-light actions as 
facing toward the viewer. A growing group of researchers 
is now studying contextual or stimulus-specific factors 
such as the gender of the point-light figures (Brooks et al., 
2008), looming and receding sounds (Mendonça & San-
tos, 2008; Schouten, Moyens, Brooks, van der Zwan, & 
Verfaillie, 2008), or the presence of more than one point-
light figure (Vanrie & Verfaillie, 2008), or the presence 
of more than one point-light figure (Vanrie & Verfaillie, 
2008), that seem to affect the perceived in-depth orienta-
tion of point-light figures.
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by the figure. Indeed, Vanrie et al. (2004) showed that the 
perceived in-depth orientation can be altered by introduc-
ing perspective cues. However, in their experiment, the 
perspective manipulation was only categorical. That is, 
Vanrie et al. showed that by using a (strong) perspective 
projection instead of an orthographic projection, the fac-
ing bias can be countered. The perspective projection of 
a point-light figure that is oriented away from the viewer 
elicited the in-depth orientation interpretation consistent 
with the figure’s veridical orientation. The second prereq-
uisite to psychophysically determine the PSA, however, 
is that the physical variable can be parametrically con-
trolled and that parametrical variations of the variable 
lead to gradual variations in the perceived in-depth orien-
tation. The goal of the present article is to verify whether, 
indeed, parametrically manipulating the amount of per-
spective information in a point-light figure can provide a 
way to (1) gradually manipulate the perceived in-depth 
orientation and (2) determine the PSA for each observer 
individually.

In this article, we first present a technique that offers 
complete experimental control of the perceived in-depth 
orientation of a point-light stimulus by parametrically ma-
nipulating the amount of available perspective informa-
tion. Second, we experimentally validate the technique. 
Finally, we discuss potential future research and provide 
the program code of a demo that can serve as a helpful 
starting point in programming future experiments.

Technique
Generally, observers are unaware of the fact that what 

they visually perceive is actually the result of a reconstruc-
tion of the 3-D world projected on the 2-D retinal surface. 
Although there are various ways to graphically project 
3-D objects to a 2-D surface, two types of projections are 
specifically relevant to the present work: orthographic 
projection and perspective projection.

Consider a human 3-D figure in a 3-D space that is only 
represented by a collection of small spheres positioned in 
the middle of the major joints (shoulders, elbows, wrists, 
hips, knees, and ankles) and the head. Consider also the 
projection of this 3-D figure on a 2-D surface (e.g., a com-
puter screen or a piece of paper), parallel to its coronal 
plane. In an orthographic projection, in which all pro-
jection lines are parallel, any information regarding the 
distance between the 3-D figure and the projection plane 
is effectively removed. Hence, changing the location of 
the spheres in depth will not change their location on the 
projection plane in any way. This projection effectively 
removes all perspective cues to depth (see Movie 1, in the 
supplement for this article). In a perspective projection, 
on the contrary, projection lines are converging at one 
point (the vanishing point). Hence, changing the distance 
between the collection of spheres and the projection plane 
will change the size, shape, and location of the 2-D projec-
tion of the spheres on the projection plane. This projection 
does contain perspective cues to depth (see Movie 2).

In their study, Vanrie et al. (2004) applied the perspec-
tive projection to a 3-D point-light figure as a categorical 

Studying factors that affect the in-depth orientation 
perception of point-light figures, however, is often com-
plicated by the relatively large interindividual variation in 
the average perceived in-depth orientation. For example, 
when repeatedly confronted with the same point-light 
figure, some observers might judge the in-depth orienta-
tion of the point-light figure on average as rather ambigu-
ous, whereas for other observers the figure is on average 
judged to be convincingly facing the viewer. The relatively 
large variation between observers can cause a decrease in 
power of the test when studying the effect of a contextual 
variable across observers, because for at least a part of the 
observers, the effect of the contextual variable will result 
in a ceiling or floor effect. Hence, to more meaningfully 
compare the effect of a contextual variable on the per-
ceived in-depth orientation across observers, it would be 
convenient if the subjective experiences could be aligned 
across observers to serve as a baseline or control condi-
tion. The ideal baseline to prevent ceiling and floor ef-
fects would be the point where the figure in half of the 
cases is perceived to be oriented toward the observer and 
in the other half of the cases is perceived to be oriented 
away from the observer. At this point, the in-depth orienta-
tion of the point-light figure is, for a particular observer, 
subjectively ambiguous. Analogous to other measures of 
subjective equality (PSE; e.g., Ernst & Banks, 2002) or 
subjective simultaneity (PSS; e.g., Arrighi, Alais, & Burr, 
2006), we refer to this point as the point of subjective am-
biguity (PSA).

To psychophysically determine the PSA for a particu-
lar observer, the first prerequisite is to identify a physi-
cal variable that reliably affects the perceived in-depth 
orientation of a point-light figure. One such variable is 
the amount of perspective information that is conveyed 

Figure 1. Illustration of a single frame of the ambiguous point-
light walker (middle) and the two veridical interpretations with 
the point lights superimposed. Although both veridical interpre-
tations are equally likely, observers prefer the “facing the viewer” 
interpretation (left). Figure adapted from “Bistability and Biasing 
Effects in the Perception of an Ambiguous Point-Light Walker,” 
by J. Vanrie, M. Dekeyser, and K. Verfaillie, 2004, Perception, 33, 
p. 548. Copyright 2004 by Pion. Adapted with permission.
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Stimuli
All point-light figures were derived from the same 3-D coordi-

nates of a human walker, from which the translational component 
was removed (Dekeyser et al., 2002). As a result, the walker moved 
as if walking on a treadmill, in the center of the screen. The walker 
was facing away from the viewer. The perspective cues carrying the 
information concerning the veridical orientation of the point-light 
figure were gradually manipulated (nine levels) from absent (or-
thographic projection) to very strong. The nine levels of perspective 
information were composed of one orthographic projection (dashed 
green line in the left panel of Movie 3 and horizontal gray dashed line 
in Figure 2) and eight distance (D) manipulations (blue dots in the 
left panel of Movie 3 and gray dots in Figure 2) of the convergence 
point, corresponding to 32, 16, 8, 6, 4, 3, 2, and 1 times the height of 
the walker. This resulted respectively in field-of-view angles of 7º, 
14º, 28º, 37º, 53º, 67º, 90º, and 127º (see Movie 3 and Figure 2, angle 
between full lines). The height of the point-light figures (adjusted 
according to the viewing distance, as discussed above) subtended 
about 7º of visual angle. Hence, the height of the projected image 
(screen height, 4 * height of the walker) subtended about 28º. Each 
dot subtended about 15 arc mins. Each stimulus presentation lasted 
about 4.5 sec and consisted of three walking cycles, each consisting 
of two steps. The start position of the animation cycle was random-
ized across trials.

Procedure
Observers were seated in a dimly lit and sound-attenuated room. 

The observers’ heads were immobilized by means of a chinrest. 
Viewing distance was 57 cm from a CRT monitor (refresh rate  
85 Hz). On each trial, observers had to indicate by a keypress (arrow 
down for FTV, arrow up for FA) whether the visually presented stim-
ulus was perceived as oriented toward or away from them. They were 
instructed to respond according to their own subjective experience 

manipulation. That is, the perspective projection consisted 
of only one particular observer–source distance with a 
fixed field-of-view angle. Because their main goal was 
to examine whether a strong global cue would render the 
true orientation of the figure more perceptible, they de-
liberately chose a projection distance that yielded a rela-
tively strong perturbation of the point-light configuration. 
By doing so, they were able to successfully disambiguate 
the figure. Notably, Vanrie et al. referred to the perspec-
tive projection as an important tool to render the true ori-
entation of the point-light figure more visible. The main 
rationale of the present study was to examine whether it 
would be possible to gradually manipulate the amount of 
perspective information present in a point-light walker to 
further exploit the usefulness of this tool.

To gradually vary the available perspective information 
in a point-light walker, in a perspective projection, the dis-
tance between the 3-D figure and the projection plane was 
parametrically manipulated. When the distance between 
the 3-D figure and the projection plane is decreased, the 
position, size, and shape distortions of the projection of 
the spheres on the projection plane increase. These distor-
tions are in fact perspective cues. So, gradually boosting 
these distortions by further decreasing the distance be-
tween the 3-D figure and the projection plane gradually 
exaggerates the perspective cues.

As a result of decreasing the distance (D) between the 
3-D figure and the projection plane, however, the size of the 
projected image (S) and hence, also, the overall size of the 
projected point-light figure increases. To overcome this side 
effect, it is sufficient to proportionally increase the field-
of-view angle (V) of the perspective projection according 
to the following formula: V  2 * arctan[S/ (2 * D)]. This 
 technique to incorporate perspective cues to depth is, among 
visual artists, also known as foreshortening. Movie 3 illus-
trates how the 2-D projection of the point-light figure varies 
as a result of the manipulation explained above.

The Present Experiment
Crucial for the applicability of the technique is that the 

parametric stimulus manipulations also lead to gradual 
and meaningful changes in the perceived orientation of 
a biological-motion figure. To test this, we conducted 
an experiment in which we parametrically increased the 
perspective information of a point-light walker who was 
oriented away from the observer. By measuring the pro-
portion of FTV responses to a walker who was actually 
walking away, as a function of the amount of perspective 
information, we were able to verify whether the tendency 
to perceive the walker as facing the viewer (the facing 
bias under orthographic projection) could be gradually 
decreased and altered to the interpretation that matches its 
veridical in-depth orientation.

METHOD

Participants
Nine psychology students from the University of Leuven partici-

pated for course credit. All of the observers had normal or corrected-
to-normal vision and were naive to the aims of the experiment.
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Figure 2. Schematic illustration of the lateral 2-D view of the 
3-D projection space. The horizontal and vertical distances are 
normalized to the height of the point-light walker. The horizon-
tal black dashed lines represent the projection lines of the ortho-
graphic projection. The solid gray lines represent the projection 
lines of the perspective projections. The black dots represent the 
point-light walker. The vertical gray dashed line indicates the size 
of the projected image (S). The gray dots illustrate the distance 
(D) between the projection plane and the point-light figure (only 
6, 4, 3, 2, and 1 are shown). The angles that are formed between 
the gray lines at each gray dot illustrate the field-of-view angles 
(only 37º, 53º, 67º, 90º, and 127º are shown). The shorter the dis-
tance D, the larger the field-of-view angle is.
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Slopes vary between 0.011 and 0.080, with a mean 
of 0.023 (SD  0.022). Note that the choice to express 
the ordinate values as the field-of-view angle of the per-
spective projection is somewhat arbitrary. Proportions of 
FTV responses can be just as well plotted and fitted as a 
function of, for example, the distance D or the logarithm 
of the distance D.

DISCUSSION

First, earlier findings demonstrating that orthographi-
cally projected point-light figures elicit a strong facing 
bias are confirmed (Vanrie et al., 2004). Second, the re-
sults indicate that the technique presented here is well 
suited for gradually manipulating the perceived in-depth 
orientation of a bistable biological-motion figure: The 
perceived in-depth orientation of a point-light walker who 
is oriented away from the viewer gradually changes from 
the FTV interpretation (facing bias) to the veridical FA 
interpretation when perspective cues are introduced para-
metrically. Proportions of FTV responses as a function 
of added perspective cues are, at the individual observer 
level, well fit with a cumulative Gaussian psychometric 
function. The single significant deviance for the fit to 
the data of observer S.M. indicates overdispersion (un-
explained variability), presumably provoked by unstable 
behavior in the task.

In our experiment, the mean of the cumulative Gauss-
ian function indicates the PSA, the stimulus of which, the 
perceived in-depth orientation, is subjectively perfectly 
ambiguous. This 50% threshold gives an estimation of 

and it was stressed that an equal distribution of both response alter-
natives was not necessary. In total, each observer completed 360 
(9 levels * 40 repetitions) trials.

RESULTS

Figure 3 plots the proportions of FTV responses for the 
orthographic projection, the proportions of FTV responses 
as a function of the field-of-view angle for the perspec-
tive projection, and the PSA for each of the 9 observers. 
Inspection of the figure points to two important obser-
vations. First, when the point-light walker is projected 
orthographically—that is, when no perspective cues are 
present—all observers are biased to interpret the figure 
as facing toward the viewer (horizontal dashed line), in 
line with the effect reported by Vanrie et al. (2004). This 
is confirmed by the high proportion of FTV responses for 
each observer (mean  0.87; min  0.68; max  1.0) in 
the orthographic condition. Second, proportions of FTV 
responses gradually drop as more perspective cues are 
added to the figure walking away. Moreover, proportions 
of FTV responses as a function of field-of-view angle are 
well fit with a cumulative Gaussian function, as confirmed 
by the goodness-of-fit test on each individual data set: 
Deviance of the observations to the cumulative Gaussian 
fit (Wichmann & Hill, 2001) was not significantly higher 
than simulated deviance (10,000 Monte Carlo simula-
tions) for 8 out of 9 observers (all p values  .05, except 
for observer S.M., p  .01). PSA values of the 9 observ-
ers, expressed as the field-of-view angle, vary between 
29º (R.S.) and 51º (K.N.), with a mean of 40º (SD  6.64). 
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Besides pointing to the advantages and the possibilities 
offered by this technique, we also want to be clear on its 
limitations. First, because the technique is based on an 
exaggeration of the distortions related to changes in depth, 
it probably will be less efficient for point-light actions 
in which all joints/dots remain in the same depth plane 
(orthogonal to the observer’s line of sight). For example, 
a frontal/back view of a point-light jumper in which the 
arms and legs only move sideways in the figure’s coronal 
plane would not be an appropriate stimulus for our tech-
nique because it contains only a small amount of potential 
perspective information. Interestingly, the presence or ab-
sence of a facing bias to a frontal/back view indeed seems 
to be related to the amount of motion in the sagittal plane: 
Actions that do not contain substantial motion in the sag-
ittal plane generally do not elicit a facing bias (Vanrie & 
Verfaillie, 2006). Second, the distortions at the projection 
plane include distortions of the shape, size, and position of 
the dots that may function as several local cues instead of 
one global cue. The magnitude of the distortion increases 
proportionally with the amplitude of the horizontal, verti-
cal, and depth displacement of the dot relative to the cen-
ter of the figure. It is not yet clear to what extent these 
individual distortions contribute to the overall change in 
perceived orientation. Therefore, it would be interesting to 
test to what extent isolated shape, size, or position changes 
lead to changes in the perceived in-depth orientation.

To support future research, in the Appendix we provide 
the code of a demo that can serve as an easily modifiable 
starting point for new experiment code.

CONCLUSIONS

The technique presented here enables the study of fac-
tors that affect the perceived in-depth orientation over the 
entire range of possible depth interpretations (from con-
vincingly facing the viewer to convincingly facing away 
from the viewer). More specifically, the technique makes 
it possible to express factors affecting the in-depth inter-
pretation quantitatively, as changes in the mean (PSA) 
and slope of a psychometric curve. We are convinced that 
a systematic experimental study of factors affecting the 
perceived in-depth orientation will shed light on the pro-
cesses of depth assignment in point-light figures and will 
help to identify the causal factors in the intriguing and 
robust bias to interpret some point-light figures as facing 
toward the observer. We hope that the tool provided in this 
article will contribute to this research.
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APPENDIX

To support future research, we provide the code of a demo that can serve as an easily modifiable starting point 
for new experiment code.

Presentation (Neurobehavioral Systems) is a stimulus delivery and experimental control program. If you 
do not have Presentation installed on your computer to run the code provided here, you can download a free 
trial of the software, with full functionality for 30 days, from www.neurobs.com/nbs_online/presentation/
trial_procedure.

The demo (available at www.neurobs.com/ex_files/expt_view?id=214 or in the supplement) presents a con-
tinuously walking point-light walker in a frontal/back view. The demo starts by showing an orthographic projec-
tion of a point-light walker. Repeatedly pressing the left arrow gradually adds more perspective information that 
the figure is facing away. Pressing the right arrow gradually adds more perspective information that the figure 
is facing the viewer. Below the figure, the angle of the perspective projection is shown (only for perspective 
projections).

To view the demo:

1. Download, install, and activate Presentation: Follow the instructions provided at
  www.neurobs.com/nbs_online/presentation/trial_procedure.

2. Download the following files into the same folder on your computer:
  Demo_Schouten_Verfaillie_2009.exp (experiment file containing the settings of the demo)
  Demo_Schouten_Verfaillie_2009.sce (scenario file containing the code of the demo)
  Walking.txt (coordinate file containing the 3-D coordinates of the point-light figure).

3. Double-click the .exp file in your folder. This opens Presentation with the correct settings.

4. Double-click the .sce file in your folder. This opens the scenario file in the editor window of Presentation.

5. Press F7 to compile and then F5 to run the script.

6. Press the left and right arrows while the demo is running to change the perspective information.

7. Press ESC to stop the demo.

(Manuscript received April 6, 2009; 
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