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processed independently of global configuration. Specifi-
cally, observers can discriminate the moving direction and 
perceive animacy from scrambled point-light BM sequences 
[2]. This sensitivity appears innate, as shown by its early 
emergence in life, strong genetic determination, and resist-
ance to postnatal learning experiences. The preference for 
local BM over non-BM patterns across species (e.g., chicks) 
further supports its evolutionary origins [3]. Crucially, local 
motion processing shows strong orientation dependency, 
as inverted displays severely impair perception, indicat-
ing gravity-constrained motion patterns as a key informa-
tion source [4, 5]. These findings inspired the “life motion 
detector” theory, which posits an intrinsic visual mechanism 
tuned to the characteristic kinematics of animate motion, 
facilitating rapid and effective detection of biological agents 
in the environment [6].

How does the brain extract life motion signals from 
complex visual scenes? A key question is whether BM per-
ception relies on dedicated neural mechanisms for social 
perception or can be explained by general‑purpose motion 
processing. While behavioral findings support the existence 
of a specialized life motion detection mechanism, its neu-
ral implementation remains unclear. Neuroimaging studies 
have revealed a broad brain network activated by point-light 
animations, spanning the dorsal and ventral visual pathways, 
converging at the posterior superior temporal sulcus (pSTS), 
and extending to parietal and frontal regions [7]. Within 
this network, pSTS emerges as a critical node for BM pro-
cessing, exhibiting robust selectivity for body movements 
in both humans and non-human primates. Brain stimulation 
evidence further confirms its causal role in action detection 
and directional discrimination of BM stimuli [8, 9]. How-
ever, these findings are primarily derived from intact PLDs 
containing both local and global cues, leaving it unclear 
whether pSTS processes the full spectrum of BM signals, 

Dear Editor,
The movements of living entities carry rich biological and 

social information (e.g., direction, action, identity, and emo-
tion), which is fundamental for human survival and social 
interaction. The human visual system has evolved to effi-
ciently recognize biological motion (BM), even from simpli-
fied point-light displays (PLDs) depicting only the person’s 
major joints. Theoretical work suggests that BM perception 
is mediated by multi-level mechanisms involving the pro-
cessing of two distinct visual cues: local motion signals from 
individual joints (local BM cues) and the spatiotemporally 
integrated body configuration (global BM cues) [1].

Beyond aiding motion-mediated structure recovery, local 
BM signals contain unique biological properties and can be 
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from local kinematics to global structure. Meanwhile, the 
human middle temporal complex (hMT+), a key region 
of the canonical motion system that encodes basic visual 
motion properties (e.g., direction, speed) [10], also responds 
to biological kinematic patterns [11]. Beyond cortical areas, 
recent evidence indicates that evolutionarily conserved sub-
cortical structures contribute to the detection of BM cues 
[11, 12]. Collectively, while multiple motion-sensitive areas 
along the subcortical-cortical pathways are found responsive 
to local biological kinematics, their specific functional roles 
remain to be fully elucidated.

This study aimed to investigate the causal roles of corti-
cal regions in processing local and global BM signals using 
transcranial magnetic stimulation (TMS). We focused on 
pSTS and hMT+, examining whether these two areas, pre-
viously implicated in BM and canonical motion processing, 
respectively, are necessary for the perception of life motion 
signals. Given the right hemisphere advantage for pSTS in 
BM processing, we administered off-line continuous theta 
burst stimulation (cTBS) to the right pSTS and hMT+, with 
both regions precisely localized in each participant using 
functional magnetic resonance imaging (fMRI). Partici-
pants performed motion direction discrimination tasks with 
three types of stimuli: intact BM (upright point-light walk-
ers containing both local and global cues), scrambled BM 
(spatially scrambled point-light walkers isolating local cues), 
and coherent motion (random-dot kinematograms as a non-
BM control) (Fig. 1A). This design allowed us to dissociate 
the cortical mechanisms underlying local and global BM 
processing and assess these neural substrates’ specificity in 
distinguishing BM from non-BM.

Twenty-six participants underwent cTBS to the right 
pSTS and hMT+ in separate sessions (Fig. 1B), and their 
motion direction discrimination abilities for intact BM, 
scrambled BM, and coherent motion were measured before 
and after TMS. Figure 2 illustrates the group and individ-
ual accuracies for direction discrimination across all three 
tasks, comparing pre- and post-TMS performance at both 

stimulation sites. A repeated-measures ANOVA with test 
phase (pre vs. post), stimulation site (pSTS vs. hMT+), and 
task type (intact BM, scrambled BM, coherent motion) as 
factors revealed a marginally significant three-way interac-
tion (F (2, 50) = 2.731, P = 0.077, ηp

2= 0.098), suggest-
ing differential TMS effects across tasks and stimulation 
sites. We then conducted planned paired-samples t tests to 
evaluate specific effects on each task type. For intact BM, 
direction discrimination accuracy significantly decreased 
following pSTS stimulation (pre: 0.74 vs. post: 0.71, t (25) 
= 2.815, P = 0.009, Cohen’s d = 0.552, 95% CI = [0.010, 
0.064], BF10 = 4.983), but showed no significant change 
after hMT+ stimulation (pre: 0.75 vs. post: 0.74, t (25) = 
0.265, P = 0.794, Cohen’s d = 0.052, 95% CI = [− 0.021, 
0.027], BF10 = 0.214). In contrast, coherent motion discrim-
ination accuracy decreased significantly following hMT+ 
stimulation (pre: 0.79 vs. post: 0.76, t (25) = 2.698, P = 
0.012, Cohen’s d = 0.529, 95% CI = [0.007, 0.053], BF10 = 
3.963), but remained unaffected after pSTS stimulation (pre: 
0.77 vs. post: 0.77, t (25) = −0.174, P = 0.863, Cohen’s d = 
−0.034, 95% CI = [− 0.033, 0.028], BF10 = 0.210). Notably, 
TMS delivered to either pSTS or hMT+ had no significant 
impact on direction discrimination of scrambled BM (pSTS, 
pre: 0.79 vs. post: 0.78, t (25) = 0.682, P = 0.501, Cohen’s d 
= 0.134, 95% CI = [− 0.018, 0.035], BF10 = 0.256; hMT+, 
pre: 0.79 vs. post: 0.78, t (25) = 0.900, P = 0.377, Cohen’s 
d = 0.176, 95% CI = [− 0.015, 0.040], BF10 = 0.299).

The TMS effects observed in our experiment were modest 
(approximately 3% decrease in accuracy for intact BM after 
pSTS stimulation and coherent motion after hMT+ stimula-
tion), yet comparable to previous findings [9, 13]. Neverthe-
less, these results demonstrated dissociable roles of pSTS 
and hMT+ in processing intact BM and simple non-BM 
information, respectively. However, an important question 
remained: whether the absence of TMS effects on local BM 
perception genuinely reflected the functional independence 
of these regions or was merely a consequence of weak stim-
ulation efficacy. To validate our primary observation that 

Fig. 1   Schematic of stimuli and TMS sites. A Intact point-light BM 
embedded in noise, scrambled BM, and coherent motion. Signal dots 
are rendered in black for illustration purposes, but in actual experi-

ments, all the dots were displayed in white. B TMS sites of the right 
pSTS (yellow) and hMT+ (green) identified in each participant.
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neither pSTS nor hMT+ stimulation significantly disrupted 
performance in the scrambled BM condition, we conducted 
complementary analyses focusing on participants who 
exhibited effective TMS modulation of these two regions 
(Fig. S1). Specifically, we identified two subgroups of par-
ticipants showing clear inhibitory TMS effects (decreased 
post-TMS accuracy): one for the intact BM task following 
pSTS stimulation (n = 18, pre: 0.76 vs. post: 0.69), and the 
other for the coherent motion task following hMT+ stimu-
lation (n = 17, pre: 0.81 vs. post: 0.74). Crucially, despite 
these clear TMS effects, local BM performance remained 
unchanged in both subgroups (pSTS, pre: 0.77 vs. post: 0.77, 
t (17) = 0.268, P = 0.792, Cohen’s d = 0.063, 95% CI = 
[−0.030, 0.039], BF10 = 0.251; hMT+, pre: 0.80 vs. post: 
0.80, t (16) = 0.388, P = 0.703, Cohen’s d = 0.094, 95% CI 

= [− 0.030, 0.043], BF10 = 0.256), further suggesting that 
pSTS and hMT+ are not critically required for the percep-
tion of local BM signals in this context.

The present study examined the causal roles of cortical 
regions in different aspects of BM processing. Combining 
TMS with motion direction discrimination tasks, we demon-
strated a clear double dissociation: interference of the right 
pSTS selectively impaired intact BM perception without 
affecting local BM or coherent motion processing, whereas 
inhibition of hMT+ specifically disrupted coherent motion 
perception with no significant effects on either intact or local 
BM processing. These results advance our understanding of 
neural architecture underlying BM perception by highlight-
ing that: (1) pSTS and hMT+ play distinct functional roles 
in processing different motion signals; and (2) the absence 

Fig. 2   Effects of TMS on motion direction discrimination tasks. A 
Group and individual accuracies for the three direction discrimina-
tion tasks before and after TMS at right pSTS and hMT+ (n = 26). 
Blue bars represent intact BM, red bars represent scrambled BM, 
and green bars represent coherent motion. Small open circles indi-
cate individual data, with gray lines showing within-subject changes 

in accuracy. Error bars represent SEM. B TMS-induced changes in 
accuracy across different tasks and stimulation sites. Box plots dis-
play the median and interquartile range (25th–75th percentiles), with 
whiskers extending to the 5th and 95th percentiles. Smoothed density 
plots illustrate the distribution of individual data. Asterisks denote 
significant TMS effects (*P < 0.05; **P < 0.01).
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of TMS effects on the scrambled BM direction discrimi-
nation task at either site suggests a distinct mechanism for 
processing local biological kinematics, in which pSTS and 
hMT+ may not constitute critical bottlenecks for local BM 
perception. These causal findings complement prior fMRI 
correlational evidence, providing direct mechanistic insights 
into BM processing.

The observed double dissociation corroborates and 
extends previous TMS evidence that right pSTS stimula-
tion reduces sensitivity to intact BM [8, 9], whereas hMT+ 
stimulation disrupts coherent motion discrimination but not 
BM perception [10, 14]. Importantly, the selective disrup-
tion of intact BM perception by pSTS inhibition, while pre-
serving local BM processing, suggests that pSTS is more 
essential for synthesizing comprehensive BM signals (e.g., 
integration of global form and motion information), rather 
than functioning as a general-purpose BM processor. This 
functional specialization aligns with its anatomical position, 
receiving convergent inputs from ventral form-processing 
and dorsal motion-sensitive pathways [7]. Furthermore, as 
a social brain network hub, pSTS processes diverse dynamic 
social cues, encompassing not only body movements but 
also facial expressions and eye gaze, thereby playing a vital 
role in social perception [15]. In contrast, hMT+ demon-
strates specificity for coherent motion processing but not for 
BM perception-neither local joint movements nor integrated 
whole-body actions. Although neuroimaging work shows 
hMT+ activation during BM viewing [11], brain stimula-
tion research indicates that this region does not constitute a 
necessary bottleneck for BM direction discrimination [10]. 
Therefore, while recruited for BM perception, the function 
of hMT+ seems more related to generic motion computa-
tions rather than BM-specific processing.

Despite containing motion signals, local BM processing 
was unaffected by TMS over pSTS and hMT+, suggest-
ing that it may rely on neural mechanisms that are less 
dependent on these sites compared to general motion pro-
cessing. This dissociation likely reflects the distinct com-
putational demands of the tasks. Intact BM and coherent 
motion processing require the spatiotemporal integration 
of distributed elements, a computation critically depend-
ent on the targeted cortical sites (pSTS and hMT+) [7, 
11, 14]. In contrast, local BM perception relies more on 
the extraction of local kinematic cues from individual ele-
ments, probably obviating the need for such integration. 
The functional specialization for local BM is plausibly 
grounded in the distinctive kinematics of articulated ani-
mal locomotion, particularly ballistic or pendular motion 
with acceleration profiles shaped by gravitational effects 
[6]. Crucially, local BM perception shows strong orienta-
tion dependency, as inverted displays disrupt perception by 
violating expected gravitational constraints [6]. This grav-
ity-dependent sensitivity, likely evolved through long-term 

ecological interactions, enables the visual system to use 
vertical acceleration as a key cue for rapidly detecting bio-
logical agents. Converging evidence from developmental 
and comparative studies supports the innate nature of this 
specialized processing mechanism. For instance, two-day-
old infants manifest a spontaneous preference for local BM 
animations [16], and genetic factors play a significant role 
in shaping individual differences in local BM perception 
[17]. Similarly, newly hatched chicks exhibit an innate pre-
disposition towards the BM of a predator even when the 
global configuration is disrupted [3]. These early-emerg-
ing capabilities manifest when cortical structures are still 
immature. Researchers speculate that this cross-species 
mechanism for life motion detection originates in primi-
tive, homologous subcortical brain regions. In support of 
this hypothesis, recent neuroimaging studies have demon-
strated that subcortical areas, including the ventral lateral 
nucleus [11] and the superior colliculus (SC) [12], selec-
tively respond to local biological kinematics. Functional 
connectivity analysis reveals a feedforward subcortical-
cortical pathway transmitting local BM signals from the 
SC to the STS via the hMT+. Collectively, these results 
establish the involvement of subcortical networks in local 
BM processing and underscore specialized neural mecha-
nisms distinct from general motion processing. However, 
fundamental questions about how local kinematic signals 
are routed and integrated for comprehensive BM analysis 
remain to be further explored.

Based on evidence from behavioral and neurophysiologi-
cal studies, the two-process theory of BM perception pro-
vides a robust framework for understanding the hierarchi-
cal nature of BM processing [5]. This model proposes two 
distinct stages: an initial “step detector” stage that rapidly 
extracts local biological kinematics through the subcortical 
network, and a subsequent “bodily action evaluator” stage 
that processes the fine global structure-from-motion infor-
mation via cortical pathways. In line with this framework, 
our findings suggest that local BM processing may operate 
at an earlier stage of visual processing, whereas global BM 
perception recruits distributed cortical networks. The organi-
zation of local and global BM processing parallels the dual-
process face perception model [18], which delineates two 
mechanisms: CONSPEC, an innate subcortical system for 
rapid face detection and basic feature extraction, and CON-
LERN, an experience-dependent cortical system for more 
sophisticated face processing. Analogously, just as CON-
SPEC enables rapid face detection prior to detailed analysis 
by CONLERN, a subcortical “step detector” may facilitate 
quick detection of biological kinematics before more fine-
grained action analysis by cortical networks. The presence 
of such parallel processing architectures in both face and 
BM perception suggests an evolutionarily conserved neu-
ral strategy for processing essential bio-social information, 
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optimized to efficiently detect diverse social signals crucial 
for survival across species.

In summary, this TMS study provides causal evidence 
for distinct neural mechanisms underlying BM process-
ing. By temporarily disrupting cortical function, we dem-
onstrated that pSTS and hMT+ are causally necessary for 
global BM and coherent motion processing, respectively, 
while sparing local biological kinematics perception. This 
functional dissociation, together with previous findings, 
suggests that local BM processing likely engages alterna-
tive neural mechanisms, potentially including subcortical 
pathways. These results not only advance our understand-
ing of the hierarchical organization of BM processing but 
also highlight the flexibility of the human visual system in 
extracting socially relevant information through multi-level 
mechanisms. However, given the inter-individual variability 
in pSTS responsiveness and our reliance on functional local-
ization for TMS targeting, these conclusions most directly 
generalize to individuals exhibiting robust pSTS activation 
in the fMRI localizer. Importantly, the null TMS effects on 
local BM processing warrant careful interpretation. Several 
methodological factors, such as stimulation intensity, cor-
tical depth, targeting precision, and task sensitivity, may 
have influenced stimulation efficacy, raising the possibility 
that subtle TMS effects at the tested cortical sites remained 
undetected. Specifically, the direction discrimination task 
used in this study may not be sensitive enough to capture 
subtle impairments in fine-grained kinematic perception, or 
it may fail to adequately activate other attributes (e.g., ani-
macy) relevant to broader local BM information processing. 
Consequently, it is plausible that TMS-induced disruption 
reduced perceptual fidelity or perturbed the processing of 
higher-order dimensions, without necessarily lowering accu-
racy on a simple directional judgment. In addition, beyond 
these methodological considerations, the extraction of local 
motion signals might be supported by a highly distributed 
and redundant neural network that is resilient to focal disrup-
tion. Given the limited spatial coverage of our stimulation 
protocol, we cannot rule out contributions from other corti-
cal regions or compensatory interactions within a broader 
network sustaining local BM processing. Future investiga-
tions could employ advanced neuromodulation approaches 
(e.g., transcranial ultrasound stimulation to maximize focal 
precision and engage deeper brain regions), combined with 
high-resolution neuroimaging and carefully designed behav-
ioral tasks, to better delineate the neural mechanisms and 
functional networks underlying BM processing, with par-
ticular attention to cortico-subcortical interactions and their 
temporal dynamics across visual processing stages.
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