frontiers n

BEHAVIORAL NEUROSCIENCE

ORIGINAL RESEARCH ARTICLE
published: 28 August 2012
doi: 10.3389/fnbeh.2012.00056

=

Perception of biological motion in visual agnosia

Elisabeth Huberle?*, Paul Rupek', Markus Lappe® and Hans-Otto Karnath’

T Section Neuropsychology, Center of Neurology, Hertie-Institute for Clinical Brain Research, University of Tubingen, Tibingen, Germany
2 Neurology and Neurorehabilitation Center, State Hospital Lucerne, Lucerne, Switzerland
3 Psychological Institute |, Faculty of Psychology, University of Miinster, Mtinster, Germany

Edited by:
Martine Ammassari-Teule, Consiglio
Nazionale delle Ricerche, Italy

Reviewed by:

René Hurlemann, University of
Bonn, Germany

Silvia Savazzi, University of Verona,
Italy

*Correspondence:

Elisabeth Huberle, Neurology and
Neurorehabilitation Center, Luzerner
Kantonsspital, Spitalstrasse,
CH-6000 Lucerne 16, Switzerland.
e-mail: elisabeth.huberle@luks.ch

Over the past 25 years, visual processing has been discussed in the context of the
dual stream hypothesis consisting of a ventral (“what”) and a dorsal (“where") visual
information processing pathway. Patients with brain damage of the ventral pathway
typically present with signs of visual agnosia, the inability to identify and discriminate
objects by visual exploration, but show normal perception of motion perception. A
dissociation between the perception of biological motion and non-biological motion has
been suggested: perception of biological motion might be impaired when “non-biological”
motion perception is intact and vice versa. The impact of object recognition on the
perception of biological motion remains unclear. We thus investigated this question in
a patient with severe visual agnosia, who showed normal perception of non-biological
motion. The data suggested that the patient’s perception of biological motion remained
largely intact. However, when tested with objects constructed of coherently moving dots
("Shape-from-Motion”), recognition was severely impaired. The results are discussed in
the context of possible mechanisms of biological motion perception.
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INTRODUCTION

Motion perception is an important requirement for an efficient
interaction with our environment. Over the past 25 years, visual
processing has been extensively discussed in the context of the
dual stream hypothesis (Mishkin and Ungerleider, 1982; Goodale
and Milner, 1992): Cortical centres along the ventral (“what”)
pathway play a critical role in object recognition and are special-
ized for the representation of shape information (Malach et al.,
1995; Grill-Spector et al., 2001; Lerner et al., 2001; Kourtzi and
Kanwisher, 2001; Denys et al., 2004), while areas of the dorsal
(“where”) pathway are involved in action-related visual process-
ing and in motion processing (Newsome et al., 1985; Newsome
and Pare, 1988; Zeki et al., 1991; Tootell et al., 1995a,b; Schenk
and Zihl, 1997). Brain damage of the ventral pathway typically
leads to visual agnosia. In particular, visual form agnosia—the
inability to discriminate between and recognize simple geomet-
ric shapes and objects in the context of intact basic visual abilities
such the analysis of contrast and color—has been observed in
patients with lesion of the ventromedial occipito-temporal cor-
tex, ie., the fusiform and lingual gyri (Karnath et al., 2009).
However, numerous tasks in daily life require the combined anal-
ysis of motion and form. For example, the combined analysis of
motion and form is required for the perception of shapes that
are defined by coherently moving dots placed in a background of
random moving dots (“Shape-from Motion”), which have been
associated with an activation of the ventral and dorsal pathway
(e.g., Altmann et al., 2004). Another example can be found in the
perception of biological motion, which has been linked to an acti-
vation of the ventral and dorsal pathway: besides motion sensitive
areas of the dorsal pathway and form selective areas of the ventral

pathway a specialized network has been proposed for the per-
ception of biological motion (Vaina et al., 2001b; Michels et al.,
2005; Vangeneugden et al., 2009) that involves specifically the
anterior superior temporal sulcus (STSa) and superior temporal
gyrus (STG) predominantly of the right hemisphere (Perrett et al.,
1985; Posner and Dehaene, 1994; Grossman et al., 2000; Puce
and Perrett, 2003). Patients with brain damage of the STSa and
STG might thus present with impaired perception of biological
motion (Vaina et al., 2001a,b; Battelli et al., 2003; Akiyama et al.,
2006), while the perception of non-biological motion remains
normal (Vaina et al., 1990; Cowey and Vaina, 2000). “Point-light
walkers”—a well established model to investigate the perception
of biological motion—consist of dots that are placed at locations
on invisible lines connecting the main joints of arms and legs of a
moving body (Johansson, 1975; Beintema and Lappe, 2002; Casile
and Giese, 2005; Troje et al., 2006).

The present study aimed to investigate the impact of form
analysis for the perception of biological motion in a patient with
severe visual agnosia. First, the patient’s ability to perceive motion
per se was tested by presenting the patient with static and mov-
ing dot stimuli at different levels of motion coherency. Further,
biological motion perception was investigated by applying short
movies of typical human whole-body movements and facial
movements, that either displayed a human actor or a “point-light
walker”

MATERIALS AND METHODS

SUBJECTS

One neurological patient (WH) and four healthy controls (mean
age 64 years, range 57-72 years; two males and two females)
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without a history of brain damage participated in the study. All
had normal or corrected-to-normal vision. All subjects gave their
informed consent for participation which has been performed
in accordance with the ethical standards laid down in the 1964
Declaration of Helsinki.

PATIENT WH

WH, a 67-year-old, right-handed man, was admitted to the
neurological department with a history of unspecific progres-
sive “visual impairment” for several years affecting his reading
abilities, object recognition, face perception and color discrim-
ination. Neurological and ophthalmological examination was
normal except for a mild peripheral visual field deficit of the
right hemifield. Visual acuity was reduced to 0.2 for the left
as well as the right eye. Signs of an involvement of cranial
nerves, normal pressure hydrocephalus and moving disorders
were not present. Neuropsychological testing revealed severe
visual agnosia, prosopagnosia and alexia including the patient’s
inability to identify any of ten line drawings of common objects
(e.g., tree, car, and dog) and failure to recognize any of ten other
common objects (e.g., fork, candle, and brush) placed in front of
him for an unlimited duration. WH could not read any of ten sin-
gle words or identify individual letters presented for an unlimited
duration. The patient was not able to detect the general context of
complex images of the type of the Broken Window Picture from
the Stanford Binet Intelligence Test (Binet and Simon, 1905).
In addition, severe deficits in color perception were present. In
contrast to his severely restricted abilities of object and face recog-
nition, haptic exploration of real objects allowed the patient to
correctly identify all of these objects. The patient was able to grasp

all of ten common objects presented in front of him with the cor-
rect orientation and hand aperture. Signs of spatial neglect were
not observed.

T1- and T2-weighted magnetic resonance imaging of
WH showed no signs of focal brain damage. An 18-
Fluorodeoxyglucose positron emission tomography (FDG-PET)
revealed diffusely reduced metabolism in the temporo-occipital
cortex bilaterally in comparison with the data of 20 healthy sub-
jects (Figure1). Cerebrospinal fluid analysis indicated normal
results for f3-amyloid-peptide 1-42 and hyperphosphorylated
tau-protein as markers of Alzheimer’s disease. Posterior cortical
atrophy (Tang-Wai et al., 2004) was diagnosed.

VISUAL STIMULI, DESIGN, AND PROCEDURE

All experiments were conducted in a darkened environment.
In contrast to WH, the healthy control subjects were tested
only in Experiments 2 and 3. With respect to our variable of
interest (percent of correct responses) we could assume intact
performance in the healthy control subjects in Experiment 1.
Prior to the presentation of the stimuli, the subjects were famil-
iarized with the type of task and stimuli in a short prac-
tice session. For the practice session and Experiment 1-3, the
stimuli covered an area of 12.5° x 12.5° with a viewing dis-
tance of 50 cm to the monitor. All stimuli were presented in
a random order. Each trial was initiated by the experimenter
when the subjects attended the center of the monitor placed
in front of them and indicated readiness. After the stimu-
lus presentation, the experimenter coded the verbal response
given by the subject, which was required for the onset of the
next trial.

18-FDG-PET of Patient WH

FIGURE 1 | 18-Fluorodeoxyglucose positron emission tomography
(FDG-PET-CT) scans overlaid with the magnetic resonance imaging
(MRI) scans revealed reduced metabolism in the temporo-occipital

cortex bilaterally for patient WH. Displayed is HW's 18-FDG-uptake in
comparison to the average of 20 healthy subjects. Bright yellow colors
indicate high and dark red colors low 18-FDG-uptake.
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Experiment 1 (“motion identification/discrimination”)

First, we aimed to exclude the possibility that WH had a general
deficit to perceive low-level motion. In the first part of the experi-
ment (“Motion Identification”, Figure 2A), we presented patterns
of moving dots or static images of these dots. The movies were
constructed of 120 individual frames, which were presented for
50 msec each resulting in a presentation duration of 6000 msec.
The frames consisted of a random pattern of white dots placed in
a black background with an average of 9 dots/° visual angle (VA),
an individual size of 6 pixels and a mean lifetime of 550 msec
before the disappearance of the dots. A random direction of
motion was appointed to the dots with an equal distribution of all
possible directions (right, left, up, down). In addition, we modu-
lated the coherency of the dots in steps of 20% resulting in five
different levels (20%, 40%, 60%, 80%, and 100%), in the way
that coherently moving dots either moved to the left or the right.
For the static images, we used images of white dots randomly
placed in a black background with an average of 9 dots/° VA and
a size of 0.1° VA. The same image was presented for 120 frames.
Both conditions (“Motion” and “Static”) were repeated 20 times

resulting in a total number of 40 trials with an equal number of
repetitions in the “Motion” condition for the different levels of
motion coherency and motion direction. WH was instructed to
indicate if the dot pattern was moving or static.

Subsequently, we tested the patient’s ability to discriminate the
direction of motion (“Motion Discrimination”) for the movies of
moving dots described for the first part of the experiment. The
patient was now instructed to indicate the direction of the coher-
ently moving dots (“Left” vs. “Right”). For all levels of motion
coherency (20%, 40%, 60%, 80%, and 100%), ten repetitions for
each direction of motion were used resulting in a total number of
100 trials.

Experiment 2 (“biological motion”)

In the first part of Experiment 2, we tested the subjects’ ability
to recognize ordinary biological motion (“Full Body Motion”)
by presenting six different sequences of human movements
(Walking, Jumping, Swimming, Crawling, Turning a Cartwheel,
and Playing Soccer). These movements were performed by a
human male actor in front of a blue background. The sequences

FIGURE 2 | Sample stimuli. (A) Displayed are two patterns of randomly
moving dots with a motion coherency of 80% toward the left (left) or right
(centre). In addition, static patterns of randomly assigned dots (right) with
identical stimulus parameters were applied. (B) Displayed are three examples
("Running,” “Jumping,” and “Turning a Cartwheel”) of the human
movements used in Experiment 2 (“Biological Motion”). Stimuli consisted of
white dots placed at locations on (invisible) lines connecting the main joints

of upper arm, forearm, upper leg, and lower leg and were presented on a
black background ("“Point-Light Motion”). (C) Displayed is a global

shape (“Cross”) that consists of coherently moving dots with a

direction of motion rotated 45° counter clockwise (left) or clockwise

(right) from the vertical axis presented on a background of coherently moving
dots rotated 45° counter clockwise from the vertical axis (“Shape-from
Motion").
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consisted of an average of 174 individual frames (minimum
94 frames, maximum 234 frames) presented for 40 msec result-
ing in a mean presentation duration of 6960 msec (minimum
3760 msec, maximum 9360 msec) and displayed the same move-
ment twice without delay. The subjects were instructed to name
the type of movement for each trial. All movies were repeated 10
times resulting in a total number of 60 trials.

Subsequently, we investigated the subjects’ ability to recog-
nize point-light biological motion. The same set of movements
(Walking, Jumping, Swimming, Crawling, Turning a Cartwheel,
and Playing Soccer) was used but the stimuli were now derived
from recordings with a body tracker (Ascencion Motion Star) of
the joint positions of a human actor. White dots were placed on
each of the main joints of the body (shoulders, elbows, hands,
hips, knees, and ankles) and the head, which were extracted by
a computer and presented in a black background (“Point-Light
Motion,” Figure 2B). These movies were constructed of 100 indi-
vidual frames presented for 40 msec resulting in a presentation
duration of 4000 msec and displayed the same movement twice
without delay. In parallel to the first part of Experiment 2, the
subjects were instructed to name the movement for each trial.
Each movie was repeated 20 times resulting in a total number of
120 trials.

Experiment 3 (“Shape-from Motion”)

In Experiment 3, we tested the subjects’ ability to recognize shapes
defined by coherently moving dots (“Shape-from Motion”). We
presented sequences, which displayed one of six simple geometri-
cal figures (Arrow, Cross, Heart, Moon, Star, and Triangle), that
consisted of coherently moving dots with direction of motion
either 45° clockwise or counterclockwise from the (invisible) ver-
tical axis, while the direction of motion for the dots of the back-
ground was rotated by 90° or 180° clockwise (Figure 2C). Each
sequence was constructed of 120 individual frames presented for
50 msec resulting in a presentation duration of 6000 msec. For
each frame, we used an average of 55 dots/° VA with an indi-
vidual size of 0.02° VA, a speed of 0.91° VA/sec for the object as
well as the background and a mean lifetime of individual dots
of 550 msec before the disappearance of the dots. The subjects
were instructed to name the geometrical figure for each trial. All
shapes were displayed ten times resulting in a total number of
60 trials.

RESULTS
We computed the percent of correct responses (CR) for each
experiment. Performance above chance level was defined by
applying the 95%-confidence interval (95%-CI) for the bino-
mial distribution for each task (“Motion Identification,” “Motion
Discrimination,” “Full Body Motion,” “Point-Light Motion,”
“Face Motion,” and “Shape-from Motion”).

For the healthy control subjects, perfect performance of 100%
CR was observed for Experiment 2 and 3.

PATIENT WH

Experiment 1 (“motion identification/discrimination”)

WH showed preserved perception of low-level motion. In detail,
he showed perfect performance (100% CR) in the first part of

Experiment 1 (“Motion Identification”) and could well discrim-
inate the direction of motion in the second part of Experiment
2 (“Motion Discrimination”: 20%-Coherency: 85% CR, 40%-
Coherency: 90% CR, 60%-Coherency: 75% CR, 80%-Coherency:
80% CR, 100%-Coherency: 75% CR; 95%-CIL: 40.7-59.3%).
Differences between the different directions of motion were not
observed.

Experiment 2 (“biological motion”)

The patient’s ability to identify human full body movements
was well preserved (Figure3) with a performance of 88.3%
CR (chance level: 16.6%; 95%-CI: 8.3-28.5%). With 35.8% CR,
his ability to identify point-light biological motion significantly
exceeded the 16.6%-chance level (95%-CI: 10.5-24.5%) but the
low rate of CR indicated difficulties. Differences in the recogni-
tion of the different movements were neither observed for the full
body movements nor the point-light biological motion.

Experiment 3 (“Shape-from Motion”)

WH showed disturbed shape recognition for shapes defined by
coherently moving dots. His performance of 13.3% CR did not
exceed the chance level of 16.3% (95%-CI: 8.3-28.5%).

DISCUSSION

Processing biological motion—human as well as animal
motion—has been linked to activation of the ventral as well as
dorsal pathway as well as specialized areas in the STS and STGa
(Vaina et al., 2001b; Michels et al., 2005; Vangeneugden et al.,
2009). It has been reported that the perception of biological
motion might be impaired while general motion processing and
object recognition remain intact (Vaina et al., 1990). The present
study addressed the impact of form analysis for the perception
of biological motion in the context of severe visual agnosia. We
first demonstrated that our patient shows intact processing of
basic (non-biological) motion information such that he was
well able to discriminate motion from static information and
identify the direction of coherently moving dot patterns. When
we tested the patient’s ability to recognize biological motion,
performance was well above chance level. WH’s performance
for full body biological motion was close to normal with 88.3%
CR, while his ability to identify actions from point-light displays
was reduced. The presentation duration was 6000 msec for
Experiment 1 and 3, while a mean presentation duration of
6960 msec (min 3760 msec, max 9360 msec) was used for the
first part of Experiment 2 (“Full Body Motion”) and 4000 msec
for the second part of Experiment 2 (“Point-Light Motion”).
Although the presentation duration was identical for Experiment
1 and 3, large differences in the performance were observed with
intact motion identification and discrimination in Experiment
1 and disturbed recognition of shapes defined by coherently
moving dots in Experiment 3. In addition, differences between
the different movements presented in the first part of Experiment
2 were not observed, although the presentation duration largely
varied between the movements. Finally, the longer presentation
duration of Experiment 3 compared to the second part of
Experiment 2 did not facilitate recognition performance. We thus
argue that the presentation duration did not have an effect on the
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FIGURE 3 | Average percentage and 95%-confidence interval for the
binomial distribution around chance level for patient WH in (A) Experiment
1 (“Motion Identification / Discrimination”), (B) Experiment 2 (“Biological
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Motion”) and (C) Experiment 3 (“Shape-from Motion”). The black dots
indicate the average percentage of correct responses (CR) and the grey boxes
the 95%-confidence interval for the binomial distribution around chance level.

recognition performance. The present data rather indicate that
the perception of biological motion might remain unaffected in
the case of disturbed object recognition. However, form analysis
appears to facilitates the perception of biological motion.

“What are mechanisms that mediate the perception of bio-
logical motion?” Several functional approaches have been pro-
posed to mediate the recognition of point-light biological motion.
These models have focused either on the use of local opponent
motion patterns (Giese and Poggio, 2003) or motion trajecto-
ries of individual dots (Troje and Westhoff, 2006) and body form
information! (Lange and Lappe, 2006). The use of local opponent
motion patterns and motion trajectories focuses on the process-
ing of motion rather than shape information and should thus be
intact in patients with visual agnosia. Both mechanisms predict
normal performance not only for full body biological motion,
but also for point-light stimuli. In contrast, the processing of

Note that although the model of Giese and Poggio (2003) requires the form
pathway to action recognition, point-light stimuli have a small impact on the
ventral pathway in their model, and therefore, the processing of such stimuli is
rather based on local motion signals (see Figure 5 and associated text in Giese
and Poggio, 2003).

point-light biological motion might rather rely on the integra-
tion of individual points into a body form, which is implemented
in theories of body form information (Lange and Lappe, 2006).
While many aspects of biological motion perception focus on the
organization of multiple trajectories into a holistic body form,
the perception of single trajectories or the partial representa-
tion of a “diagnostic” trajectory that is particularly informative
(e.g., feet for walking recognition) might be sufficient (Troje and
Westhoft, 2006; Chang and Troje, 2009). WH’s residual ability to
identify point-light biological motion might thus reflect the use
of such individual motion signals that allowed him to perform
our categorization task by regarding the global motion patterns
or “diagnostic” motion trajectories. The model further assumes a
link between the processing of motion and shape information and
predicts reduced performance following brain damage of the ven-
tral pathway. WH’s high recognition performance for whole-body
displays might thus be explained by some residual processing of
shape information. However, the differences in the performance
between full-body and point-light biological motion indicate that
mechanisms of non-biological motion processing have a limited
contribution to our findings: similar motion information was
used for both types of stimuli (Johansson, 1975). The critical
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difference between the full body and point-light stimuli can rather
be found in the amount of form information, which was high for
the whole-body stimuli but reduced (though not fully absent) for
the point-light stimuli. Intuitively, HW’s difficulties in identify-
ing different types of biological motion correspond roughly to the
level of “stimulus abstraction” of the stimuli, which was higher for
the point-light stimuli than the full body displays. The patient’s
ability to recognize shapes defined by coherently moving dots
(“Shape-from Motion”) was severely impaired and his perfor-
mance did not exceed chance level. It appears that HW’s residual
capacity to process shape information was not sufficient to allow
the patient the perception of “Shape-from Motion” stimuli. A rea-
son for the differences in performance between the perception of
point-light biological motion and “Shape-from Motion” stimuli
might be found in the significance of the specialized network for
the perception of biological motion that does not contribute to
the perception of shapes derived by motion cues.

Besides more functionally oriented approaches, anatomical
considerations should thus be taken into account to explain the
present findings. Evidence for a cortical specialization for the per-
ception of biological motion came from findings in children with
Williams syndrome, a rare genetic disorder, which presented with
impaired motion perception in the context of normal perception
of biological motion (Jordan et al., 2002). In contrast to these
patients, HW not only showed intact perception of biological
motion, but also motion perception. Improved recognition per-
formance for biological motion stimuli might thus be explained
if human action recognition relies on specialized mechanisms for
the processing of biological motion that is distinct from general
form and motion processing. The anterior STSa and STG pre-
dominantly of the right hemisphere have been discussed to play a
critical role for the perception of biological motion in primates
and humans (Perrett et al., 1985; Posner and Dehaene, 1994;
Grossman et al., 2000; Puce and Perrett, 2003). In line are obser-
vations in patients with brain damage of the STSa and STG or
the parietal cortex, who show impaired perception of biological
motion (Vaina et al., 2001a,b; Battelli et al., 2003; Akiyama et al.,
2006), while their perception of non-biological motion remained
unaffected (Vaina et al., 1990; Cowey and Vaina, 2000). HW

not only showed intact motion perception, but also normal per-
ception of biological motion for full body movements and only
partially impaired performance for point-light biological motion.
A well documented case was presented by Vaina and colleagues
(2002) who reported a patient with a right hemispheric lesion of
the occipito-temporal cortex leading to deficits in local and global
motion processing but not the perception of biological motion.
Besides a significant contribution of the STG, the voxel-based
lesion analysis of a larger group of stroke patients with deficits
in the perception of biological motion (Saygin, 2007) and healthy
individuals (Saygin et al., 2004) indicated a contribution of pre-
motor frontal areas. Recent data acquired from a larger number of
stroke patients with different types of motion processing deficits
emphasized a dissociation between basic motion processing and
processing of complex motion. They further strengthened the role
of the temporal, parietal, and frontal lobe for the perception of
biological motion (Billino et al., 2009). HW’s limited perception
of point-light biological motion might thus be the result of a dys-
function of cortical areas involved in the processing of biological
motion, especially the STSa and STG.

Finally, we can not rule out the possibility that the present data
underlies a general impairment for the perception of “high-level”
motion for which the integration across space and time might
be essential. We can also only speculate about the question, if
the HW would have been able to recognize the type of biologi-
cal motion from static images. The patient’s inability to recognize
facial expressions on static images during standard neuropsycho-
logical testing might suggest limited capacities. Unfortunately,
HW was not available for further investigation.

In conclusion, our present findings support models of an
anatomical specialization for the processing of biological motion
and emphasize the role of form analysis as a requirement for the
perception of biological motion.
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