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Abstract

We show that populations of visually responsive cells in the anterior part of the superior temporal sulcus (STSa) of the macague monke)
code for the sight of both specific articulated body actions and the consequent articulated static body postures. We define articulated actiol
as actions where one body part (e.g. a limb or head) moves with respect to the remainder of the body which remains static; conversel
non-articulated actions are actions where the equivalent body parts do not move with respect to each other but move as one. Similarl
articulated static body postures contain a torsion or rotation between parts, while non-articulated postures do not. Cells were tested wit
the sight of articulated and non-articulated actions followed by the resultant articulated or non-articulated static body postures. In addition
the static body postures that formed the start and end of the actions were tested in isolation. The cells studied did not respond to the sight
non-articulated static posture, which formed the starting-point of the action, but responded vigorously to the articulated static posture tha
formed the end-point of the action. Other static postures resembling the articulated end-point posture, but which were in a more relaxe
muscular state (i.e. non-articulated), did not evoke responses. The cells did not respond to body actions that were less often associat
with the effective static articulated postures. Our results suggest that the cells’ responses were related to the implied action rather than tf
static posture per se. We propose that the neural representations in S&&adbbiological motion may also extend to biological motion
implied from static postures. These representations could play a role in producing the activity in the medial temporal/medial superior
temporal (V5(MT)/MST) areas reported in fMRI studies when subjects view still photographs of people in action.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction temporal (V5(MT)/MST) complex. The V5(MT)/MST com-
plex plays a primary role in the analysis of the direction and
Actions performed by (non-)human primates typically speed of moving objects in the visual world, as shown by a
involve articulation, in which one or more body part(s), e.g. plethora of single-cell studies in monkegriften, Shadlen,
the head or a limb, move with respect to the remainder of Newsome, & Movshon, 1992; Britten, Newsome, Shalden,
the body. Purely non-articulated actions, in which the body Celebrini, & Movshon, 1996; Shadlen, Britten, Newsome,
moves solidly, are rare in the animal kingdom (an example & Movshon, 1996 Dubner & Zeki, 1971; Maunsell & van
is a hawk diving down onto a prey). To understand an ar- Essen, 198Band fMRI studies in human$ith, Greenlee,
ticulated action performed by another individual, we do not Singh, Kraemer, & Henning, 1998Vatson et al., 1993In
necessarily have to witness the entire action sequence. Amonkeys, the processing bifological motion (i.e. the natu-
single momentary view is often enough to identify the ac- ral articulation of bodies during actions) involves additional
tion and possibly also the goal of the action. This is a very areas anterior to the V5(MT)/MST complex, including a re-
useful capacity since it allows us to understand other’s ac- gion situated in the anterior part of the superior temporal sul-
tions in situations where the other is intermittently occluded cus (STSa), corresponding to area STBai¢e, Desimone,
from view, or when we only get one glimpse. & Gross, 198) Single-cell studies in the macaque mon-
A brain structure particularly relevant for processing vi- key revealed that STSa cells selectively respond to visual
sual object motion is the medial temporal/medial superior cues derived from (parts of) the whole static or moving
body (Perrett, Hietanen, Oram, & Benson, 1992llema &
* Corresponding author. Tek:31-30-253-4368; fax;-31-30-253-4511,  Perrett, 2002Perrett et al., 1985a,b; Perrett et al., 1p89
E-mail address: t.jellema@fss.uu.nl (T. Jellema). Many STSa cells integrate information about the form and
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motion of animate objectOram & Perrett, 1996 Subpop- and body movements. Populations of cells in this region
ulations of STSa cells are sensitive to the spatial position are already known to be involved in the processing of the
of the object Baker, Keysers, Jellema, Wickers, & Perrett, view of separate body componenwgdchsmuth, Oram, &
2000. These findings lend support to the idea that this part Perrett, 199%and articulation of body component3€rrett
of temporal cortex acts as an interface between the dor-et al., 1985h There is also evidence that form and motion
sal and the ventral streams of visual processikgrigath, signals are extensively integrated within the STSaafm
200)). Collectively, the response properties suggest that & Perrett, 1998%. This led us to speculate that the conjoint
STSa contributes to the visual recognition and understand-cell sensitivity to particular posture and articulation present
ing of other’'s actions Jellema, Baker, Wicker, & Perrett, in actual biological motion might underlie representation
2000; Jellema, Baker, Oram, & Perrett, 20@mery & of implied biological motion. We therefore compared STS
Perrett, 1994; Jellema & Perrett, 200l humans, imaging  cell responses to static postures and to related actions.
studies showed activation of the STS in response to aversion In our experiments cells were tested with: (a) a variety of
of eye gaze Kloffman & Haxby, 2000, and to movement articulated and non-articulated body actions, (b) the starting-
of the hands Grafton, Arbib, Fadiga, & Rizzolatti, 1996  and end-postures of these actions presented ‘in isolation’,
Rizzolatti et al.,, 199§ the face Puce, Allison, Bentin, and (c) other static postures. Non-articulated actions were
Gore, & McCarthy, 1998 and to point light displays of  chosen such that the body part in question moved in a sim-
whole body motion Bonda, Petrides, Ostry, & Evans, ilar way to that of the articulated action. For example: head
1996 and meaningful actionsDecety et al., 1997 see rotating toward observer with the trunk remaining stationary
(Allison, Puce, & McCarthy, 2006or a review). In line with (articulated action) versus head and trunk rotating simultane-
these findings, a direct comparison between articulated andously toward the observer (non-articulated action). Our main
non-articulated human motion showed a greater responsehypothesis was that STSa cells sensitive to a particular artic-
to articulated human motion in the STBgauchamp, Lee, ulated action would also be sensitive to an associated static
Haxby, & Martin, 2003. In addition, the right lateral oc-  posture when presented in isolation (i.e. in absence of actual
cipitotemporal cortex is activated by static images of many movement). The nature of any association between sensitiv-
different parts of the human body, but not by whole faces ity to posture and sensitivity to action could provide insight
(Downing, Yiang, Shuman, & Kanwisher, 2001 into the neural basis of phenomena such as implied motion.
Recently, two separate fMRI studies suggested that the
V5(MT)/MST complex is also involved in the processing
of implied motion of objects Kourtzi & Kanwisher, 2000; 2. Method
David & Senior, 2000; Senior et al., 2000n the implied
motion condition, a still photograph of an object in mo- 2.1. Subjects and physiological procedures
tion is shown (e.g. a shapshot of an athlete running, or of a
cup falling from a shelf). This was a startling finding, for, ~ The experiments were performed on two awake rhesus
up to then, it was believed that V5(MT)/MST could only macaque monkeysVlacaca mulatta, age 46 years). A de-
be activated by perceiving actual motion, or by the illusion tailed description of the surgical procedures can be found

that motion occurs, such as in apparent moti@oédbel, elsewhere (e.dOram & Perrett, 1996 Animal care and ex-
Khorram-Sefat, Muckli, Hacker, & Singer, 1998llusory perimental procedures were performed in accordance with
motion Zeki, Watson, & Frackowiak, 1993imagined mo- UK Home Office guidelines.

tion (Cohen et al., 1995nd the motion after-effect¢otell
et al., 1995, all of which excite V5(MT)/MST. The recent  2.2. Recording
evidence suggests that V5(MT)/MST can be activated in the
absence of any direct visual motion experience. Spikes were captured online onto a PC (CED1401plus,
The activity in V5(MT)/MST to implied (non-)biological = Cambridge Electronic Design, UK). Additionally, spikes
object motion in static images suggests a top-down in- were stored on an audio track of a HiFi videotape recorder.
fluence onto V5(MT)/MST, since the object and context The stimulus events (seen from the subject's perspective)
may first need to be identified, before the likely type of were recorded with a video camera, and stored simultane-
movements associated with the object in that context canously on the video track of the same tape. Eye movements
be determined. These object recognition and knowledgewere recorded with a second (infra-red sensitive) camera
related processes suggest an involvement of the ventralmounted onto the primate chair. The signals from the two
recognition stream Gross, Rocha-Miranda, & Bender, cameras were integrated (Panasonic VHS video mixer,
1972 Milner & Goodale, 1995; Ungerleider & Mishkin,  WJAVETY) prior to recording. The signal from the eye cam-
1982. Sensitivity to associations between image form and era was also recorded separately on a second video tape
motion could form the basis of the ability of the nervous recorder, synchronised with a time-code generator and frame
system to retrieve likely motion given entirely static images. counter (VITC Horita VG50), for off-line analysis of eye
In this context, we have studied the sensitivity of STSa position (lview, Sensomotoric Instruments, Germany). Tri-
cells to the associations between particular body posturesals at which the eyes were closed were discarded. Analysis
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of the eye positions indicated no relationship between the In the ANOVAs, the factor time was used as a repeated mea-
pattern of fixation and trial type or response magnitude.  sures variable, usually with 2—4 levels consisting of consec-

utive seconds of the recording period following opening of
2.3. Simuli the shutter.

Visual stimuli consisted of a wide variety of (non-) 2.5. Cell localisation
articulated body actions. When a cell was found to respond
specifically to an articulated action, three further conditions A detailed description can be found elsewhetellema
were employed: (1) Similar, but non- or less articulated, ac- et al., 2000. At completion of each experiment, frontal and
tions were presented. For example if the articulated action lateral X-ray photographs were taken with the electrode still
consisted of a rotation of the head from right profile head in place, to locate the electrode and the recorded cells with
view to face view, with the trunk remaining static in the right respect to specific bone landmarks. The subject was then
profile view, then the non-articulated action would be a sim- sedated and given a lethal dose of anaesthetic. After tran-
ilar head rotation from right profile to face view but with the scardial perfusion the brain was removed, coronal sections
trunk rotating along with the head (no torsion between head (25,.m) were cut, photographed and stained. The X-ray pho-
and trunk). (2) The non-articulated starting-point (e.g. right tographs were aligned with the histological sections to de-
profile head, right profile chest) and the articulated end-point termine the cell locations (accurasy 1 mm). Histological
of the action (e.qg. front face view head, right profile chest) reconstruction from one monkey is showrfig. 4. All cells
were presented in isolation (i.e. presented immediately fol- localized were found in the upper bank of the STSa, between
lowing opening of the shutter). (3) Static, non-articulated 10 and 19 mm anterior to the inter-aural-line.
postures similar to the effective articulated posture, were
presented (e.g. front view head, front view chest). Some
movements do not have a natural end-posture, in which case3. Results
the end-posture was defined as the point in the trajectory of
an action at which the cell stopped responding if the action 3.1. Sngle-cell responses to body postures and actions
continued. For example a cell might respond during rotation
of the head toward the observer but would cease to respond In a sample of 272 visually responsive STSa cells, 208
to rotation once the head begun to turn away from the ob- cells (76%) showed maximal responses when the visual
server. Stimuli were presented either on film projected onto stimulus was a conspecific or a human, performing a partic-
a screen at life size, or live (only for human stimuli) from ular action or assuming a particular posture. The other 64
behind a fast rise-time liquid crystal shutter (aperture 20 cm cells (64/272, 24%) responded to various visual stimuli and
x 20 cm at a distance of 15 cm). Video stimuli consisted of motions and were not further studied. The majority of the
both monkeys and people; most cells do not discriminate cells (125/208, 60%) responded exclusively to body actions,
between these two specieRefrett et al., 1985bIn some and failed to respond to static body postures. The other 83
cases a mechanical shutter with a larger aperture was usedells (83/208, 40%) did show responses to presentation of
to provide the subject with a wide field of view. The live specific static body postures.
stimuli were shown at 1.5-4m distance from the subject.  Forty-four cells of the latter category were subjected to
Five to twelve repetitions were tested per stimulus condition detailed testing by presenting a range of body actions and
in pseudo random order. Control stimuli included objects postures. We found 24 cells (24/44, 55%) that specifically re-
of comparable size moved in comparable ways (e.g. a boxsponded to articulated actions. The collection of articulated
attached onto the end of a stick, making rotational motions, body actions we report here consisted predominantly of ro-
served as a control for head rotations). The best controls,tations of the head with respect to the trunk, or of rotations
however, were formed by the non-articulated actions, which of the head and upper body with respect to the lower body,
resembled the articulated actions more closely than anyin either the horizontal plane (toward or away from the ob-

non-living control object could ever do. server,n = 14) or the vertical plane (upward or downward,
n = 8). The head rotations were performed by the experi-
2.4. Data analysis menter while sitting on a mobile chair (on wheels), presented

live or on video. Rotation of this mobile chair with the exper-
Spikes from multiple single neurons were routinely dis- imenter sitting on it produced the non-articulated, or whole
criminated on- or off-line using template matching (Spike2, body, rotations in the horizontal plane. For the head rotations
Cambridge Electronic Design, UK). Spike counts were per- in the vertical plane, the corresponding ‘whole body’ actions
formed during presentation of the stimuli, usually at 1s consisted of bending actions of the upper body and head con-
intervals. Presentation of the body actions lasted typically jointly. The other 20 cells (20/44, 43%) did not discriminate
700-800 ms (indicated by dotted lines kigs. 1-3. Cell between whole body motions and articulations of body parts.
responses were analysed using ANOVAs, Newman—Keuls These cells responded, e.g. to an anti-clockwise rotation of
post-hoc testing anttests (significance level d@ < 0.05). the head over the left shoulder toward the observer, but also
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Fig. 1. Cell responsive to articulation of the head. During the first second of each record the shutter was closed (‘shut’) and the rastergrams show the
spontaneous cell activity. During 3s following opening of the shutter, the visual stimulus (direction of articulation denoted by arrow and final body
posture denoted by figure) is presented. Left-hand column (a—d): body actions followed by static postures; right-hand column (e—g): statisbody view
(a) The cell responded maximally to the sight of the head rotating over the right shoulder away from the observer; (b) the mirror-image of the action
presented in (a) evoked a significantly smaller response; (c) whole body rotation from left profile view to back view evoked a small response; (d) the
same starting posture as (a) but rotating the head in the opposite direction (i.e. over the left shoulder) failed to evoke a response; (e) the static vie
of the left profile of the body with the head rotated away from the observer over the right shoulder, which is the end-posture of the action in (a),
evoked a considerable response. Other static body views such the mirror-image (f), the non-articulated static back view of body and head (g), and the
non-articulated static left profile view of body and head (h), evoked significantly smaller responses.

to an anti-clockwise rotation of the head and trunk toward one inFig. 13 such as rotation of the head from the right
the observer (while sitting on a mobile chair). Some cells profile view to the back view (i.e. the mirror-image of the
in this category responded exclusively to the whole body action in (a);Fig. 1), and rotation of the whole of the upper
motion. body (head and trunk) from left profile view to back view
Responses to the articulated actions were often highly spe-(Fig. 1¢ rotation of mobile chair), produced significantly
cific. For example the cell ifrig. 1responded vigorously to  smaller responses. Rotation of the head from back view to
an articulated action consisting of a horizontal head rotation the left profile, i.e. the reverse of the actionkig. 13 did
to the right shoulder, starting at the left profile view and end- not evoke a responsé€ify. 1d).
ing with the back view of the head. The trunk did not rotate ~ When the presentation of the static articulated end-posture
along with the head but remained static throughout (in the was continued following the action, the cells continued to
left profile view;Fig. 19. Other body actions resembling the respond, often for several seconds, as illustratellign 1a
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Fig. 2. Cell responsive to articulation of the upper body in horizontal plane. Visual stimuli are presented for 3s following opening of the shutter.
Left-hand column (a and b): body actions followed by static postures; right-hand column (c and d): static body views. (a) A rotation of the upper body
with respect to the static lower body toward the observer evoked maximal responses; (b) horizontal motion of the body failed to evoke a response; (c)
the articulated end-posture of the action in (a) presented in isolation evoked a considerable response; (d) the static, non-articulatedpfrbatlyiew

and head failed to evoke a response.

(right half of panel). A surprising finding was that the pre- direction typical of an at rest posture. It should be noted that
sentation of the articulated static end-posture in isolation the cell responses cannot be explained by sensitivity to the
(following opening of the shutter) also evoked large re- view of just one body segment. For example the response in
sponsesKig. 18. The mirror-image of the posture kg. 1e Fig. 1ecould in principle be due to (1) the back view of the
(left profile trunk with back view of headzig. 1f) produced head, or (2) the left profile view of the trunk. However, the
a significantly smaller response. Other static postures thatvirtual absence of response to the non-articulated back view
represented a body ‘at rest’, such as the non-articulated baclof the body Fig. 19 shows that the back view of the head
view of the trunk and head~{g. 19, failed to produce a is not sufficient in itself to evoke a response. Likewise, the
response. The non-articulated starting posture of the actionleft profile view of the trunk is not sufficient as shown by
(left profile view of body and headtig. 1h also did not the lack of response iRig. 1h Apparently the cell required
produce a response. torsion between trunk and head to respond. Indeed, the re-
Two-way ANOVA of Condition (eight levels: a—hx sponse selectivity was even stricter as only a head rotated
Time (four levels: the 1st, 2nd, 3rd and the 4th seconds) over the right shoulder was effective, while a rotation over
showed a main effect of ConditiorF (7, 46) = 22.3, P < the left shoulder was much less effectivag. 1f). The cell
0.00001), a main effect of TimeF(3,138 = 464, P < in Fig. 1 used a viewer-centred (not object-centred) frame
0.00001), and an interaction of Condition and Time of referenceerrett et al., 1989since the same 9@lock-
(F(21,138 = 8.7, P < 0.000001). Post-hoc testing for the wise head rotation seen from a different perspective (e.g. the
first second following shutter opening, showed that the re- front view, torso: front view; head: left profile view) failed
sponse during the effective action (head rotating away from to produce a response (data not shown).
the observerFig. 1§ was significantly larger than the re- Another example of a cell responding specifically to a
sponses in all other conditions in the equivalent time-period particular articulated action is given iRig. 2 The effec-
(Newman—KeulsP < 0.00005). The response to the static tive action for this cell consisted of a rotation of the upper
articulated body posture following shutter openifgg( 16 body with respect to the static lower body (hips and legs) to-
was significantly larger than the responses to the other staticward the observer in the horizontal plarkég. 2g. Rotation
postures Fig. 1f-h (P < 0.05). of just the head was ineffective (data not shown). This cell
All cells of this population (24/44) discriminated sharply also used a viewer-centred frame of reference; the identical
between static views of the body with and without articula- change in posture seen from a different perspective did not
tion, which is quite remarkable given the resemblance of the excite the cell. The presentation of other bodily actions, e.g.
two types of postures. Here, a non-articulation posture refersthe translation of the upper body from left to righid. 2b),
to the head, chest and pelvis aligned and oriented in the samelid not excite the cell. The opposite action of that shown
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in Fig. 23 i.e. rotation of the upper body away from the non-articulated front view of the body evoked no response
observer, also failed to evoke a response (data not shown)(Fig. 2d). Again, the response to the static articulated pos-
Presentation of just the static articulated end-posture pro-ture (Fig. 28 cannot be explained by response sensitivity to
duced a considerable respongég( 29, while the static either of the two main body components present in the im-
age: the face view did not evoke a response in combination
with the frontal body view (d), nor did the non-articulated
back and profile views of the body evoke a response (data
not shown). Two-way ANOVA of Condition (four levels:
a—d) x Time (three levels: the 1st, 2nd and 3rd second,
following opening of the shutter) showed a main effect of
Condition (3, 33) = 916, P < 0.00001), a main effect of
Time (F(2,66) = 80.7, P < 0.00001), and an interaction
for Condition and Time £(6,66) = 420, P < 0.00001).
Post-hoc testing for the first second following shutter open-
ing showed that the response in (a) was larger than that in all
other conditions P < 0.0002) and that the cell response dis-
criminated between static postures (c) and fd¥ 0.0002).

B Articulated action = articulated static posture
A Non-articulated action = non-articulated static posture

[e]
o

(@) Shut [ Action - Static |

Normalized response (%max)

o

3.2. Population responses
@ Static articulated posture

4 Static non-articulated posture Th lati in the f . fi |
€ population responses In e Tour main stimulus
(b) Shut | Static | Pop P

80 : conditions are shown ifrig. 3. These conditions are: (1)

: the articulated body action the cell was tuned to, fol-
lowed by the articulated static end-posture; (2) similar,
but non-articulated, ‘whole’ body actions, followed by the
non-articulated static end-posture; (3) the static articulated
end-posture of the effective action presented in isolation; (4)
the static non-articulated end-posture presented in isolation.
Population responses in conditions 1 and 2 are depicted
in Fig. 33 and reveal a much greater effectiveness of the
articulated action compared to the non-articulated action,
both during the action phase (between the two dotted lines)
and during the consequent static phag@3) = 3.9, P <
0.0007, comparison for the entire response period). Re-
sponses to the static body postures presented directly follow-
ing opening of the shutter (conditions 3 and 4) are shown in
Fig. 3k revealing a much greater effectiveness of the static
articulated posture compared to the non-articulated control
postures {(23) = 5.6, P < 0.00001). This difference in
response strength lasted for at least 2 sFigp 3¢ the re-
sponses to the effective articulated action (condition 1) and
to the static articulated end-posture (condition 3) are super-
imposed to facilitate direct comparison. Despite the striking
resemblance during the early response, the responses to the
1 sec articulated actions were significantly larger than to the static

_ _ o ~articulated postures(@3) = 3.2, P < 0.004, comparison
Fig. 3. Population responses to the four main stimulus _types. Normalized for the entire response period).
cell responses (expressed as a percentage of the maximal response of the
cell) are given for 100 ms time-binstS.E.). (a) Population responses
to the specific articulated action the cell was tuned to, ending in the . .
static articulated posturdl), and responses to similar but non-articulated 4. Discussion
whole body actions, ending in the static non-articulated postuk (

Normalized response (%max)

B Articulated action = articulated static posture
@ Static articulated posture

(©) 80 Shut [Action/Static. __ Static |

Normalized response (%max)

(b) populati_on responses to articulated static_ postLQ)se(nd_ to sim_ilar This study showed that populations of STSa cells are
but non-articulated static posture®), both without preceding actions; specifically responsive to articulated body actions. while
(c) the population responses to the static articulated pos@e afe p . y .p i y i ’

superimposed on the responses to the articulated actils lean similar non-articulated body actions do not excite these cells.

(non-normalized) response to the articulated action was 29 spikes/s, andFOr instance, a cell may respond to a head rotating over the
to the static articulated end-posture 20 spikes/s. left shoulder toward the subject, but not to a similar rotation
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(b)
+14mm

e

O Cells responsive to implied motion

Fig. 4. Histological reconstruction of cell locations. (a) Left side view of the macaque brain. Cells were recorded in the banks of the STSa, between 11
and 19 mm anterior to the inter-aural plane (indicated by vertical bars); (b) reconstruction of coronal sections of the left hemisphere takemrad 18, 16
14mm anterior to the inter-aural plane. Each section represents a 2mm thick slice. All cells for which reconstructions were made were located in the
upper bank of STSa. Thick line, cortical surface; thin lines, edge of grey matter.

of the headand trunk toward the subject. Furthermore, the favour of coding for the association of motion and posture:
static articulated end-posture of the action presented in iso-(1) The presentation of the actual articulated action caused
lation never failed to evoke a response significantly greater a response which was larger than the response to the ar-
than the response to other non-articulated postures (e.g. theiculated posture, indicating that the cell was tuned to the

starting posture of the action). action rather than the posture and begun before the final
posture was reached. (2) Other, similar, actions, which were

4.1. Do the STSa cells code for implied biological not implied in the static articulated posture, did not evoke a

motion? response. The cells were selective for one posture, and one

articulation which produced that posture. The cells were

The findings give rise to the intriguing possibility that the often insensitive to other movements which could end in
STSa cells code for a particular articulated action both when the same posture, and were not responsive to articulations
actually presented and when implied in a still image. Cod- starting in the end-posture. (3) The absence of a response to
ing for implied biological motion has not yet been studied static postures which were very similar except that they did
at the cellular level. Cells in STSa selectively responsive to not contain information about the specific implied motion.
views of particular body postures have been studied previ-
ously Perrett et al., 1985a; Perrett et al., 1992; Wachsmuth 4.2. Postural association with preceding and
et al., 1993 However, the selectivity described here is novel following motion
in several respects. First, cells described previously that were
responsive to multiple parts of the body (e.g. head and body) A static image of an animate object can be associated with
showed tuning for the same view of the head and body (e.g. movements that are likely to have occurred before the time
left profile view of the body and left profile view of the head; at which the static image was formed; but the same static
Wachsmuth et al., 1994In the current study, cells showed image can also be associated with movements that are likely
selectivity for an articulated posture with views of the head to follow. With a body posture that requires the contraction
turned with respect to the body. Second, we find that cells of one set of muscles, the likely prior motion is that produced
showed enhancement of response during actions, yet previby the contraction of those muscles and the likely following
ous studies of cells tuned to articulated postures in the verti- motion is that produced by the relaxation of the same muscle
cal plane (e.g. head raised or lowered) usually did not com- set and the constriction of the antagonistic muscle set. Thus,
pare movement and static stimuli or assumed that the cellsfor the static posture depicted Kig. 1e(back view of the
were sensitive to the particular static body posture per se. head, left profile view of the body), the likely preceding

For the population of cells tested here the following find- motion is a rotation of the head from left profile view away
ings argue against sole coding for a posture per se, and infrom the observer, while the likely following motion is a
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rotation of the head to the left profile view (i.e. a return to find STS activation, but found instead an activation of areas
the ‘resting’ position, with the head and torso aligned and just posterior to V5(MT)/MST (posterior satellites), which
the lateral neck muscles equally contracted/relaxed). these authors attributed to semantic processing of the im-
The association with the following motion is as prevalent plied motion images. It is conceivable that activation of the
as with the motion that is likely to have preceded the pos- STS region did occur but disappeared after subtraction of the
ture. It is notable that in the present study the associationimplied and non-implied motion conditions, since both con-
between motion and posture exhibited by cell responses in-ditions may recruit recognition processing of animate form
volved movement that brought the body into the static ar- in STS. The differential activation due to the implied motion
ticulated end-point postures. We did not find cell responses per se, might not have been strong enough to survive subtrac-
tuned to both starting postures and to motions that followed tion. One reason for this could be that the neural populations
these postures. This asymmetry may reflect a sample biasrepresenting articulated postures (described here) and those
or a more fundamental difference in organization. representing non-articulated postures (documented else-
Systematic bias in association between form and motion where,Senior et al., 2000; Wachsmuth et al., 198#e spa-
has been noted before; two-third of cells selective for whole tially intermingled in STSa. Moreover, the new type of cell
body motion prefer a combination of body view and direc- we describe sensitive to articulation need not be more numer-
tion where the body moves in the direction that the head ous than the cell type tuned to non-articulated posture. Fur-
is pointing (walking forward following the nose); one-third thermore, representations of articulated and non-articulated
of cells prefer the reverse with the body walking backwards postures may depend on common building-blocks (i.e.
(Oram & Perrett, 1994, 1996; Perrett et al., 1983b this STSa cell populations representing individual parts of the
case, the association between the forward motion and bodybody and insensitive to posture). Each of these explanations
view may be that which is most frequently experienced.  would predict that a differential signal to implied motion
(or articulated posture) arising from STS could be difficult

4.3. Feedback from STSa onto V5(MT)/MST? to detect. Alternatively the STSa could be more relevant for
the processing of biological form. The proposed feedback
Areas in the ventral object recognition streakfilfer & connection from STSa onto V5(MT)/MST fits in with the in-

Goodale, 199bmay play a role in registering the associa- creasing reports of bi-directional connections between brain
tions between particular forms and associated movementsareas at different hierarchical stages in the br&opr,
These higher areas could represent knowledge about theSpekreijse, & Lamme, 20QY¥an Essen & Gallant, 1994
repertoire of behaviour an animate object normally ex- In conclusion, it may not be usual to think of the visual
hibits. Such knowledge would allow an observer to infer processing of static form as underlying comprehension of
whether or not the object was moving at the time at which actions. However, this overlooks the ability of individuals to
a fleeting glimpse was made (or a picture was taken), andunderstand momentary postures during an action sequence
its most likely previous/next position. These associations and to infer how an action was performed. The performance
revealed in high level visual processing could play a role in of dexterous manual tasks can easily be specified as a series
influencing activity in processing in V5(MT)/MST through of static pictures, each demonstrating particular sub-goals or
back projections. The activity found in motion sensitive stages in the action sequence. Indeed, the heroes of comic
areas V5(MT)/MST when people view static objects with books might not have enjoyed such popularity were it not
implied motion, but not when the same objects are shown for our ability to realize what actions are associated with
‘at rest’ (Kourtzi & Kanwisher, 2000; Senior et al., 2000  static postures.
could reflect such top-down influences. We propose that
STSa forms an important source of feedback projections in
the case of biological implied motion. Direct and indirect Acknowledgements
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