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A chimeric point-light walker
Abstract. Ambiguity has long been used as a probe into visual processing. Here, we describe a
new dynamic ambiguous figureöthe chimeric point-light walkeröwhich we hope will prove to
be a useful tool for exploring biological motion. We begin by describing the construction of the
stimulus and discussing the compelling finding that, when presented in a mask, observers consistently fail to notice anything odd about the walker, reporting instead that they are watching
an unambiguous figure moving either to the left or right. Some observers report that the initial
percept fluctuates, moving first to the left, then to the right, or vice versa; others always perceive
a constant direction. All observers, when briefly shown the unmasked ambiguous figure, have no
difficulty in perceiving the novel motion pattern once the mask is returned. These two findingsöthe
initial report of unambiguous motion and the subsequent `primed' perception of the ambiguityö
are both consistent with an important role for top ^ down processing in biological motion.
We conclude by suggesting several domains within the realm of biological-motion processing where
this simple stimulus may prove to be useful.

1 Introduction
Johansson's (1973, 1975) point-light displays have long proven to be a useful tool for
exploring the processing of biological motion. In such displays, the details of the human
form are reduced to small patches of light located at each of the major joints. When these
points are set in motion, the spatiotemporal pattern they create can quickly and easily
convey a wealth of information about the actor and/or the action being portrayed. Indeed,
even when motion is only implied by the context, as in figure 1, a clear sense of a human

Figure 1. Point-light Ringo. The Beatles' Abbey Road album cover has been altered to demonstrate
how a human form can easily be recovered from a few points of light when real or implied
motion is present. (Original photograph by Iain MacMillan 1969, copyright Apple Corps Ltd;
figure adapted from Thornton and Shiffrar 1996.)
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form in action can still be obtained. Over the past 30 years, a number of researchers
have employed point-light stimuli to explore the sensitivity of the visual system to
objects and actions defined primarily by biological motion (eg Ahlstro«m et al 1997;
Bertenthal and Pinto 1994; Dittrich 1993; Kozlowski and Cutting 1977, 1978; Mather
et al 1992; Pavlov and Sokolov 2000; Sumi 1984; Thornton et al 1998; Troje 2002;
Verfaillie 1993).
Recently, Jan Vanrie and colleagues demonstrated that symmetric forms of these
point-light figures are perceptually bistable. For instance, a figure walking towards an
observer at 458, travelling from 11 o'clock to 5 o'clock, can also be seen as a figure
moving away from the observer at 458, from 7 o'clock to 1 o'clock (Vanrie et al 2003).
In other areas of vision research, relatively simple static ambiguous figures, such as
the Necker cube (Gregory 1970; Necker 1832) and the hawk ^ duck illusion (Bernstein
and Cooper 1997; Tinbergen 1939), as well as dynamic ambiguous displays, such as
motion-defined rotating cylinders (eg Hiris and Blake 1996) and Ternus displays (Burt
and Sperling 1981; Ternus 1926/1955), have long been used to explore the mechanisms
of perception. Ambiguous point-light walkers are appealing as they may provide novel
insights into the way we process biological motion.
The purpose of this brief report is to introduce a new form of dynamic ambiguous
figureöthe chimeric point-light walker. We begin by describing the new stimulus and
detailing the simple technique used to create it. Next, we discuss how such figures,
when combined with concurrent noise masks, provide a powerful demonstration of
top ^ down processing of dynamic stimuli. In the remainder of the paper, we outline a
number of potential research areas where we feel this stimulus could be applied, and
briefly present some initial empirical findings.
2 The stimuli
Chimera are mythical creatures that typically contain body parts from several different
animals. The first mention of them comes from Book VI of Homer's Illiad, where
he describes a fire-breathing lion-goat-snake, a ``savage monster'', that was killed by
Bellerophon with a little guidance from above (Homer, 800 BC, 1961). A modern and
much less dangerous relative of this creature is shown in figure 2. The chimeric pointlight walker is a composite of two walking figures, one facing and moving to the left,
the other to the right.(1) Such a figure is potentially interesting for studying biological
motion as it is both statically and dynamically ambiguous. That is, in the absence of
translation cues (ie when it is moving on the spot, as if on a treadmill), the chimeric pointlight walker simultaneously contains equal motion cues to the left and to the right.
Figure 2 shows how a chimeric point-light walker can be constructed in three
simple stages.(2) First, two standard point-light figures are generated, one facing and
(1) We chose to call this stimulus a `chimeric' point-light walker, rather than simply an ambiguous
or bistable walker, to capture the general concept of putting two oppositely moving walkers
together. As described in more detail below, the actual stimulus creation process also involves a
good deal of averaging or blending dots from several body parts. Nevertheless, while such blending
contributes to the figure's ambiguity, its potential for bistability comes mainly from the unaltered,
combined parts of the two separate figures. Also, while we are not combining different species,
as in the classical sense of chimera, in general usage the term can also refer to any figure composed of incongruous parts, and in the neuropsychological literature `chimeric' faces made from the
left and right side of different images have long proven to be a useful tool (eg Carbary et al 2001;
Lior and Nachson 1999).
(2) These stages are illustrated for a single point in the gait cycle, and need to be repeated for each
animation frame or time sample in order to create the dynamic walker. Furthermore, throughout
this paper we have concerned ourselves with a simple 2-D version of the chimeric walker created
by adapting Cutting's (1978) classic algorithm for synthetic gait patterns. Clearly other 2-D or 3-D
methods for creating point-light stimuli, such as motion capture, computer animation, or video
capture (see Dekeyser et al 2002, for a review) could also be adapted.
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Figure 2. Making a chimeric point-light walker: (a) Two unambiguous point-light figures are
generated, one facing to the left, the other to the right. The wrist and ankle dots are highlighted for illustrative purposes. (b) Corresponding head, shoulder, elbow, hip, and knees dots
from the two walkers are averaged to produce a single, common frame for the ambiguous
figure. (c) The two sets of ankle and wrist dots are added to the common frame. (d) The resulting chimeric figure (centre) is completely ambiguous, containing equal motion to the left and
right.

moving to the left, and one facing and moving to the right (figure 2a). These unambiguous figures each consists of 11 points (head, forward shoulder, forward hip, two
elbows, two wrists, two ankles, and two knees) and are animated without occlusion
cues. Conceptually, the next step is simply to spatiotemporally superimpose the two
unambiguous figures. However, as unambiguous walkers typically contain body tilt,
this process is achieved in two further steps in order to remove slight mismatches
between the positions of most of the dots. Specifically, the x and y positions of the
head, shoulder, hip, elbow, and knee dot pairs are first averaged to produce a single
common body frame (figure 2b). The unmodified ankle and wrist dots from the two
unambiguous figures are then added to this new composite body frame (figure 2c).
When the 2 wrist and 2 ankle dots from each of the unambiguous component
walkers are present, the chimeric walker contains equal motion to the left and to
the right (figure 2d). To view a dynamic version of the chimeric walker, visit http://
www.kyb.tuebingen.mpg.de/links/chimericwalker.html.
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3 The mask
While the chimeric point-light walker contains equal motion to the left and to the right,
the subjective impression of the basic figure is not of walking at all, but rather of some
complex, non-directional, novel action. This impression changes dramatically when the
figure is placed in a concurrent noise mask, a technique commonly used in studies of
biological motion (eg Bertenthal and Pinto 1994; Cutting et al 1988). That is, when the
chimeric walker is embedded in a field of additional moving elements, observers no
longer perceive the ambiguous novel action, but instead report the presence of a single,
unambiguous walking figure facing either to the left or to the right. For most observers,
the directional percept is quite stable; others report that the walker seems to change
direction, flipping from left to right or vice versa after taking a number of steps.(3)
This complete failure of observers to spontaneously perceive the ambiguous nature
of the display is quite compelling. So far, in the laboratory and at symposia, we have
shown this masked figure to upwards of 200 people. None has ever initially noticed
that there is anything odd about the walking figure he/she reports seeing. When pressed
to examine the figure more closely, some observers suggest that there may be something strange about the ankles or wrists, but they typically continue to see a uniquely
directional figure. This finding is similar to that reported by Bu«lthoff et al (1998) for
depth-scrambled walking figures. In their study, individual dots were placed at different depth planes from each other, although the x and y positions were consistent with
a normal walker. When shown such displays, observers appeared to be completely
unaware of any depth conflict in resolving and reporting a coherent point-light walker.
Interestingly, in our work, as soon as an observer is shown the basic, unmasked
figure, he/she has no difficulty in retaining the impression of the complex, novel action
once the mask is returned. This observation, that a brief exposure or priming with a
target stimulus can help to resolve perceptual conflict, is reminiscent of findings from the
perceptual learning literature (eg Furmanski and Engel 2000; Poggio et al 1992) and is
consistent with Cavanagh's notion of ``attentional sprites'' (Cavanagh 1999; Cavanagh
et al 2001). This notion suggests that complex motion perception can be mediated via
the top ^ down influence of dynamic templates (Ullman 1984) which help parse the
world according to prior experience.
4 Possible uses
Our hope is that the chimeric point-light walker will prove to be a useful tool for
exploiting ambiguity in the context of biological motion. One obvious application area
concerns the role of bottom ^ up (Giese and Poggio 2003; Johansson 1973, 1975; Mather
et al 1992; Webb and Aggarwal 1982) versus top ^ down (Bertenthal and Pinto 1994;
Bu«lthoff et al 1998; Dittrich 1993; Thornton et al 2002) processing of biological motion.
The chimeric point-light walker is an ideal stimulus to explore the relationship between
these two types of mechanism. For example, top ^ down contributions to the processing
of biological motion could be examined by priming or cueing (Shiffrar and Pinto 2002;
Verfaillie 1993, 2000) the expectations of an observer towards a particular direction
(3) For masking a chimeric point-light walker, dot density needs to be quite high, typically 10 or more
additional points for each element in the figure. Also, we have found that adding a translational
component to the mask greatly increases its effectiveness. We have mainly used two types of mask,
a transparent motion mask, and a translating limb mask. The former simply contains two random
fields of dots which translate in opposite directions. Adding a slight sinusoidal jitter to the individual
dots can also be effective. This mask has the advantage that na|« ve observers can quickly locate the
global figure, but the disadvantage that for some observers the mask can give rise to the perception
of a rotating 3-D sphere, whose apparent, unambiguous direction of motion could influence the
perceived direction of the target walker. The limb mask contains two fields of randomly positioned
limbs, again translating in opposite directions. This mask does not give rise to a 3-D percept, but
its complexity makes the presence of any global target that much harder to detect.
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without having to change the physical stimuli. The impact of such top ^ down manipulations could then be examined across a range of display types where low-level parameters,
such as mask type and density (Cutting et al 1988), mask direction (Fujimoto and Sato
2002), or motion quality (Mather et al 1992; Thornton et al 1998) compete for influence
over the perceived direction.
The exploration of directional preferences (Chokron and Agostini 2000; Gaffron
1950; Levy 1976; McBeath et al 1992) or canonical viewpoints (Blanz et al 1999; Palmer
et al 1981) for biological motion is another area where the chimeric walker could be
quite useful. Of interest here is whether observers have an internal bias to favour some
views of walkers over others. While previous studies have explored general questions
of view invariance (Bu«lthoff and Bu«lthoff 2003; Verfaillie 1993, 2000), the impact of
picture plane rotation (eg Pavlova and Sokolov 2000; Sumi 1984), changes in view
height (Bu«lthoff and Bu«lthoff 2003), and the effects of forward-versus-backward articulation (Pavlova et al 2002), there is still little work that directly explores the issue of
representational biases.
Recently, Vanrie et al (2003) demonstrated that observers have a marked preference
for selecting approaching versus receding interpretations of a 3-D ambiguous pointlight walker, even though the information in the display was unbiased in this respect.
The chimeric point-light walker provides a similar opportunity to explore left ^ right
directional preferences. As noted above, when shown in a mask, observers report seeing
an unambiguous figure facing in one direction or the other. In one preliminary experiment we showed the chimeric walker embedded in a random mask of transparently
translating, jittering dots, and asked observers to report the direction in which the
figure appeared to face and move. All thirty-four observers saw an unambiguous figure,
with thirteen reporting leftward motion and twenty-one reporting rightward motion.
These proportions do suggest a slight rightward bias (w1  5:54, p 5 0:05) and this
bias appeared to be independent of reported handedness, mask interpretation (2-D
or 3-D pattern), or mask direction, although clearly these are only initial observations.
Finally, the chimeric walker may prove useful as a direction-neutral baseline or
control stimulus for a number of tasks, such as priming (eg Shiffrar and Pinto 2002;
Verfaillie 1993, 2000), interference (Thornton et al 2001), and visual search (Cavanagh et al
2001) which have recently been used to explore biological motion. For example, we
have used a dynamic variant of the classic Eriksen interference paradigm (Eriksen and
Eriksen 1974) to explore the impact that task-irrelevant flanking figures have on responses
to a central target walker (Thornton et al 2001). Typically, direction discrimination
responses to a central target are slower when the flankers face in a direction opposite
to the target (incongruent condition) than when they face in the same direction (congruent condition). However, without a complexity-matched baseline, it is hard to know
whether this pattern of reaction times arises owing to interference during incongruent
trials, facilitation during congruent trials, or some combination of both. As the chimeric
point-light walker simultaneously contains both left-facing and right-facing motion ö
ie is directionally neutralöit should provide a very useful baseline control condition
against which to compare the speed of congruent and incongruent trials. In an initial
study, chimeric control trials (M  470 ms) were indistinguishable from congruent trials
(M  470 ms), while incongruent trials (M  484 ms) were reliably slower (t11  3:3,
p 5 0:01), suggesting that interference rather than facilitation is the main factor in these
flanker studies.
Ian M Thornton, Quoc C Vuongô, Heinrich H Bu«lthoff

Max Planck Institute for Biological Cybernetics, Spemannstrasse 38, D 72076 Tu«bingen, Germany;
e-mail: ian.thornton@tuebingen.mpg.de; ô Department of Cognitive and Linguistic Sciences,
Brown University, 190 Thayer Street, Providence, RI 02912, USA

382

Last but not least

Acknowledgments. The authors would like to thank Jan Vanrie and colleagues at the Catholic
University, Leuven, Belgium for motivating this work with their bistable point-light figures.
We would also like to thank Patrick Cavanagh, Martin Giese, Romi Nijhawan, and Frank Pollick
for useful discussions on earlier versions of this research.
References
Ahlstro«m V, Blake R, Ahlstro«m U, 1997 ``Perception of biological motion'' Perception 26 1539 ^ 1548
Bernstein L J, Cooper L A, 1997 ``Direction of motion influences perceptual identification of
ambiguous figures'' Journal of Experimental Psychology: Human Perception and Performance
23 721 ^ 737
Bertenthal B I, Pinto J, 1994 ``Global processing of biological motions'' Psychological Science 5
221 ^ 225
Blanz V, Tarr M J, Bu«lthoff H H, 1999 ``What object attributes determine canonical views''
Perception 28 575 ^ 599
Bu«lthoff I, Bu«lthoff H H, 2003 ``Image-based recognition of biological motion, scenes and
objects'', in Analytic and Holistic Processes in the Perception of Faces, Objects, and Scenes
Eds. M A Peterson, G Rhodes (New York: Oxford University Press) in press
Bu«lthoff I, Bu«lthoff H H, Sinha P, 1998 ``Top ^ down influences on stereoscopic depth-perception''
Nature Neuroscience 1 254 ^ 257
Burt P, Sperling G, 1981 ``Time, distance, and feature trade-offs in visual apparent motion''
Psychological Review 88 171 ^ 195
Carbary T J, Almerigi J B, Harris L J, 2001 ``The left visual hemispace bias for the perception
of chimeric faces: A further test of the difficulty of discrimination hypothesis'' Brain and
Cognition 46 57 ^ 62
Cavanagh P, 1999 ``Attention: Exporting vision to the mind'', in Neuronal Basis and Psychological
Aspects of Consciousness Eds C Taddei-Ferretti, C Musio (Singapore: World Scientific) pp 129 ^ 143
Cavanagh P, Labianca A, Thornton I M, 2001 ``Attention-based visual routines: Sprites'' Cognition
80 47 ^ 60
Chokron S, Agostini M de, 2000 ``Reading habit influences aesthetic preference'' Cognitive Brain
Research 10 45 ^ 49
Cutting J E, 1978 ``A program to generate synthetic walkers as dynamic point-light displays''
Behavior Research Methods and Instrumentation 10 91 ^ 94
Cutting J E, Moore C, Morrison R, 1988 ``Masking the motions of human gait'' Perception
& Psychophysics 44 339 ^ 347
Dekeyser M, Verfaillie K, Vanrie J, 2002 ``Creating stimuli for the study of biological-motion
perception'' Behavior Research Methods and Instrumentation in press
Dittrich W H, 1993 ``Action categories and the perception of biological motion'' Perception 22 15 ^ 22
Eriksen B A, Eriksen C W, 1974 ``Effects of noise letters upon the identification of a target letter
in a non search task'' Perception & Psychophysics 16 143 ^ 149
Fujimoto K, Sato T, 2002 ``Motion induction by biological motion'' [Abstract] Journal of Vision
2(7) 337a; http://journalofvision.org/2/7/337
Furmanski C, Engel S A, 2000 ``Perceptual learning in object recognition: object specificity and
size invariance'' Vision Research 40 473 ^ 484
Gaffron M, 1950 ``Left and right in pictures'' Art Quarterly 13 312 ^ 321
Giese M A, Poggio T, 2002 ``Biologically plausible neural model for the recognition of biological
motion and actions'' AI Memo 2002-012, CBCL Memo 219 MIT, Cambridge, MA, August
Giese M A, Poggio T, 2003 ``Neural mechanisms for the recognition of biological motion'' Nature
Reviews Neuroscience 4 179 ^ 192
Gregory R L, 1970 The Intelligent Eye (New York: McGraw-Hill)
Hiris E, Blake R, 1996 ``Direction repulsion in motion transparency'' Visual Neuroscience 13
187 ^ 197
Homer, 1961 The Illiad translated into English by R Lattimore (Chicago, IL: University of Chicago
Press)
Johansson G, 1973 ``Visual perception of biological motion and a model for its analysis'' Perception
& Psychophysics 14 201 ^ 211
Johansson G, 1975 ``Visual motion perception'' Scientific American 232(6) 76 ^ 88
Kozlovski L T, Cutting J E, 1977 ``Recognising the sex of a walker from a dynamic point-light
display'' Perception & Psychophysics 21 575 ^ 580
Kozlowski L T, Cutting J E, 1978 ``Recognizing the sex of a walker from point-lights mounted
on ankles: Some second thoughts'' Perception & Psychophysics 23 459
Levy J, 1976 ``Lateral dominance and aesthetic preference'' Neuropsychologia 14 431 ^ 445

Last but not least

383

Lior R, Nachson I, 1999 ``Impairments in judgment of chimeric faces by schizophrenic and
affective patients'' International Journal of Neuroscience 97 185 ^ 209
Mather G, Radford K, West S, 1992 ``Low level visual processing of biological motion'' Proceedings
of the Royal Society of London, Series B 249 149 ^ 155
McBeath M K, Morikawa K, Kaiser M K, 1992 ``Perceptual bias for forward-facing motion''
Psychological Science 3 362 ^ 367
Necker L A, 1832 ``Observations on some remarkable phenomena seen in Switzerland; and an
optical phenomenon which occurs on viewing of a crystal or geometrical solid'' Philosophical
Magazine 1 329 ^ 337
Palmer S, Rosch E, Chase P, 1981 ``Canonical perspective and the perception of objects'', in
Attention and Performance IX Eds J Long, A Baddeley (Hillsdale, NJ: Lawrence Erlbaum
Associates) pp 135 ^ 151
Pavlova M, Kra«geloh-Mann I, Birbaumer N, Sokolov A, 2002 ``Biological motion shown backwards: the apparent-facing effect'' Perception 31 435 ^ 443
Pavlova M, Sokolov A, 2000 ``Orientation specificity in biological motion perception'' Perception
& Psychophysics 62 889 ^ 899
Poggio T, Fahle M, Edelman S, 1992 ``Fast perceptual learning in visual hyperacuity'' Science
256 (May) 1018 ^ 1021
Shiffrar M, Pinto J, 2002 ``Are we visual animals?'' [Abstract] Journal of Vision 2(7) 334a;
http://journalofvision.org/2/7/334
Sumi S, 1984 ``Upside-down presentation of the Johansson moving light-spot pattern'' Perception
13 283 ^ 286
Ternus J, 1926/1955 ``The problem of phenomenal identity'', in A Sourcebook of Gestalt Psychology
Ed. W D Ellis (London: Routledge & Kegan Paul) pp 149 ^ 160
Thornton I M, Pinto J, Shiffrar M, 1998 ``The visual perception of human locomotion'' Cognitive
Neuropsychology 15 535 ^ 552
Thornton I M, Rensink R A, Shiffrar M, 2002 ``Active versus passive processing of biological
motion'' Perception 31 837 ^ 853
Thornton I M, Shiffrar M, 1996 ``Testing the temporal limits of biological motion processing''
Investigative Ophthalmology & Visual Science 37 3391
Thornton I M, Vuong Q C, Bu«lthoff H H, 2001 ``Mandatory processing of biological processing''
poster presented at the 42nd Annual Meeting of the Psychonomic Society, Orlando, FL,
November
Tinbergen N, 1939 ``Why do birds behave the way they do?'' Bird Lore 41 23 ^ 30
Troje N F, 2002 ``Decomposing biological motion: A framework for analysis and synthesis of human
gait patterns'' Journal of Vision 2 371 ^ 387 (http://journalofvision.org/2/5/2/, DOI:10.1167/2.5.2)
Ullman S, 1984 ``Visual routines'' Cognition 18 97 ^ 159
Vanrie J, DeKeyser M, Verfaillie K, 2003 ``Bistability and biasing effects in the perception of
ambiguous point-light walkers'' Perception submitted
Verfaillie K, 1993 ``Orientation-dependent priming effects in the perception of biological motion''
Journal of Experimental Psychology: Human Perception and Performance 19 992 ^ 1013
Verfaillie K, 2000 ``Perceiving human locomotion: Priming effects in direction discrimination''
Brain and Cognition 44 192 ^ 213
Webb J A, Aggarwal J K, 1982 ``Structure from motion of rigid and jointed objects'' Artificial
Intelligence 19 107 ^ 130

ß 2003 a Pion publication

ISSN 0301-0066 (print)

ISSN 1468-4233 (electronic)

www.perceptionweb.com

Conditions of use. This article may be downloaded from the Perception website for personal research
by members of subscribing organisations. Authors are entitled to distribute their own article (in printed
form or by e-mail) to up to 50 people. This PDF may not be placed on any website (or other online
distribution system) without permission of the publisher.

