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Abstract
People can judge the emotions of other individuals by their movements, which
are influenced by previously occurring movements, possibly because previously
occurring movements provide a priori information about the current. In the
current study, we presented sequences of biological motion of different emo-
tional states and examined the influence of previously occurring actions on the
evaluation of emotion for the current action in the biological motion sequence.
We found that: first, emotion evaluation for the current biological motion sys-
tematically deviated from, rather than bias toward, past evaluation, showing a
repulsive bias, with the amplitude of the bias negatively correlated with overall
emotion recognition error. Second, the amplitude of the bias was not found
to correlate with autistic traits or empathy, but with third-person movement
imagery. Results tentatively suggest that there is no attractive bias in biologi-
cal motion emotion perception, and the repulsive bias produced by previously
observed biological motion states on current evaluation is an adaptation-like
aftereffect, which enhances the accuracy of emotion recognition, but it is part
of general visual cognitive rather than social cognitive functioning.
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Abstract

People can infer the emotional states of others from their movements, and these
judgments are influenced by previously observed movements, likely because prior
movements provide a priori information for interpreting current actions. In the
present study, we presented sequences of biological motion displays depicting
different emotional states and examined how preceding actions influence the
evaluation of emotion for the current action within the sequence. We found
that, first, emotion evaluations for the current biological motion systematically
deviated from past evaluations, exhibiting a repulsive bias rather than an at-
tractive one, with the magnitude of this bias negatively correlated with overall
emotion recognition error. Second, the bias magnitude did not correlate with
autistic traits or empathy, but did correlate with third-person movement im-
agery ability. These results tentatively suggest that biological motion emotion
perception does not show attractive serial bias; instead, the repulsive bias pro-
duced by previously observed biological motion states on current evaluations
functions as an adaptation-like aftereffect that enhances emotion recognition
accuracy, yet appears to be part of general visual-cognitive rather than social-
cognitive functioning.
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Introduction
Perceiving and evaluating the body movements of others to extract socially rel-
evant information represents a crucial social-cognitive ability that facilitates un-
derstanding of others’ emotional states. Research demonstrates that both facial
and bodily cues serve as important sources of emotional information. A note-
worthy consideration is that humans typically perceive others’ actions within
group contexts, where the perception of an individual’s action is influenced by
surrounding actions. For instance, Cheng et al. (2022) showed that perceiving
an individual’s action in a group is biased by the simultaneous presence of other
individuals’ actions nearby. Understanding how such environmental contexts
shape our social perceptions is therefore important. Similarly, actions that ap-
pear sequentially may also influence the perception of current actions, exhibiting
a form of serial bias. What remains unclear is whether such serial bias exists in
biological motion emotion perception and, if so, what factors influence it. The
current study aimed to clarify (1) whether serial bias exists in emotional per-
ception of biological motion and (2) whether it is influenced by social-cognitive
ability or movement imagery.

Human beings demonstrate remarkable sensitivity to animate movements,
known as biological motion. Researchers commonly use point-light displays
to simulate biological motion in social cognition experiments. Substantial
individual differences exist in biological motion perception sensitivity, with
Miller and Saygin (2013) demonstrating that sensitivity for biological motion
processing correlates with social cognition (autistic traits, empathy) and
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movement imagery. The majority of research suggests that biological motion
perception sensitivity correlates with autistic traits, with most studies compar-
ing biological motion perception between individuals with and without ASD
using walking direction recognition or motion naming tasks. Some studies have
also employed emotion-related tasks, which may offer better differentiation
between varying levels of autism traits due to the social skill and empathy
deficits characteristic of individuals with strong autistic traits.

Movement imagery represents another important factor influencing biological
motion perception. Humans actively perceive actions by selecting and running
offline restored sensory-motor memories through mental simulation of actions.
Additionally, according to classical mirror neuron theory, motor imagery may
be related to mirror neurons that help us understand others’ actions. Miller and
Saygin (2013) found a correlation between the vividness of motor imagery and
the ability to process biological motion.

Past studies show that to optimize visual processing for stable and efficient en-
coding of the external environment, the visual system must utilize past percep-
tual information to process current stimuli, making visual information process-
ing regularly influenced by history. Ample evidence indicates that this influence
involves both early-stage reliance on and later rejection of past perceptions. At-
tractive bias makes the perception of current stimuli closer to past perception to
form stable representations, a phenomenon termed “serial dependence” in previ-
ous research. This effect has been observed in judgments of both simple physical
stimuli and social features of faces. Additionally, repulsive bias, considered an
adaptation-like aftereffect, manifests as systematic deviation of current stimulus
perception from past perceptions. Such mechanisms have been demonstrated
in processing social features and emotions of facial expressions. These findings
suggest that serial biases may represent common principles for the visual sys-
tem to process both physical and social information. To date, several studies
have explored adaptive aftereffects of walking direction and speed in biological
motion, but these studies did not examine adaptive aftereffects across entire
sequences, and no studies have investigated attractive serial bias in biological
motion perception.

In the current study, we presented sequences of biological motions and asked
participants to rate them sequentially, then fitted the results using the deriva-
tive of the Gaussian function. Our research hypotheses were as follows. First,
based on past results and theories on serial bias, we hypothesized that both at-
tractive and repulsive biases exist in biological motion emotion perception, and
that bias amplitude correlates with recognition error, as serial bias increases
the efficiency and stability of visual perception. Second, to explore factors in-
fluencing serial bias in biological motion emotion recognition, we hypothesized
correlations between autism traits, empathy, movement imagery vividness, and
serial bias based on previous biological motion perception research.
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Methods
Participants

Forty college students (19 males and 21 females, mean age = 20.37 years, SD
= 1.54) with normal or corrected-to-normal vision participated in this study.
We selected 40 as the sample size based on previous studies of serial bias and
biological motion perception. All participants were naïve to the experimental
purpose and provided informed consent, with ethics approval granted by the
Medical Ethics Committee at Yanbian University.

Self-Report Questionnaires

We administered the pencil-and-paper Autism-spectrum Quotient (AQ; Baron-
Cohen et al., 2001) translated into Chinese by Liu (2008), and the Empathy
Quotient (EQ; Baron-Cohen & Wheelwright, 2004) translated into Chinese by
Zhao et al. (2018). These questionnaires measure participants’ autistic traits
and empathy, respectively, with higher scores indicating greater autistic traits
and empathy, and they have generally shown negative correlations in past re-
search. The AQ comprises five dimensions: social skills, attention switching,
attention to detail, communication, and imagination.

We also administered the Vividness of Movement Imagery Questionnaire
(VMIQ; Roberts et al., 2008), which assesses movement imagery across three
components: visual imagery from third-person (external) and first-person
(internal) perspectives, as well as kinesthetic imagery. Lower scores indicate
higher movement imagery ability.

Stimuli

We used 50 different front-view dynamic point-light walker animations created
using a web application (https://www.biomotionlab.ca/Experiments/BMLstimuli/index.html)
developed by the BioMotion Lab. This tool enables reliable adjustment of
the emotional state and body posture of point-light walkers. Each animation
displayed 15 light dots arranged in a human configuration, representing joint
movements to simulate human walking posture. This stimulus type has been
widely used in previous research. The light dots depicting biological motion
were white and presented on a black background.

We manipulated the levels of happiness and nervousness in the biological motion
displays so that each animation conveyed different emotions. To better simulate
real-world conditions, we also varied the gender and weight of the walkers in
the animations.

Procedure

Prior to the experiment, participants completed the AQ, EQ, and movement
imagery self-report questionnaires. The experimental procedure was adapted
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from previous studies to facilitate comparison with past findings [Figure 1: see
original paper]. Each trial presented a 2-second point-light walker animation,
after which participants rated the walkers’ happiness on a 7-point Likert scale
(1 = most sad, 7 = most happy) using the keyboard. The 50 animations were
each repeated 4 times in random order, totaling 200 trials. Before each video,
a 1-second fixation cross appeared at the center of the screen to direct par-
ticipants’ attention. Text appeared on screen reminding participants to rate
the animation after viewing. Participants were encouraged to respond within
3 seconds; after 3 seconds, the on-screen font color changed to prompt quicker
responses. Following the rating, there was a 1-second interval before the next
trial began. We did not restrict participants’ eye movements throughout the
experiment. Before starting, all participants completed brief practice to famil-
iarize themselves with the procedure and develop preliminary judgments of the
motion states.

Figure 1. (A) Temporal structure of one trial. (B) An example of a biological
motion animation (dynamic in actual experiments).

Analytic Strategy

General Analytic Strategy First, we calculated the average rating of each
animation across all participants as estimated scores, representing the general
emotion evaluation. Recognition error was operationalized as each participant’s
actual rating in a given trial minus the estimated score. Ratings deviating from
estimated scores by more than 3 SDs were replaced with the corresponding
estimated score. Each participant’s holistic recognition error across all 200
trials was operationalized as the Euclidean distance between their actual scores
and the 200 estimated scores, reflecting cumulative error per trial. Serial bias
amplitude was operationalized as the parameter a value from DoG fitting results
(see below).

We tested correlations between serial bias amplitude and AQ, EQ, and move-
ment imagery, as well as between recognition error and serial bias amplitude.
In addition to p values, we reported Bayesian factors to compensate for the
limitations of null hypothesis significance testing regarding sample size and its
inability to support the null hypothesis.

DoG Fitting We used the derivative of a Gaussian function (DoG) fitting
method to compute serial bias amplitude. We obtained current trial rating
error by subtracting estimated scores from individual participants’ ratings. We
then fitted the experimental results to DoG using Python’s “least_{squares}”
function. DoG is defined as:

𝑦 = Δ𝑎𝑤𝑐𝑒−(𝑤Δ)2

where y denotes the current trial error, Δ indicates the rating difference between
the current trial and the n-back trial, a indicates the curve’s peak amplitude,
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w adjusts curve width, and c is a constant equal to √2/e − 0.5. To ensure
reasonable parameters, we restricted w to a range of 0.15 to 5. The ampli-
tude parameter a served as the strength of serial bias, indicating how much the
current stimulus rating could be biased toward or away from a previous stim-
ulus with maximally effective difference. If current trial error shares the same
direction as the n-back difference, then a > 0, representing attractive bias; con-
versely, a < 0 represents repulsive bias. We obtained parameter a from 1-back
to 40-back trials (meaning results from the first 40 trials were excluded).

To assess the significance of a, we pooled all participants’ results, replaced n-
back trial differences with random numbers ranging from -6 to 6 to eliminate
systematic serial bias, then refitted DoG to obtain a. This process was repeated
1000 times to generate an artificial null distribution of a. Since we considered
both attractive and repulsive biases, we performed a two-sided test, with the
p-value representing the proportion of 1000 outcomes where the actual a was
greater (attractive bias) or less (repulsive bias) than the threshold. We set the
significance level at 0.05.

Results
We first examined serial bias in biological motion emotion recognition by ana-
lyzing the effect of 1-back to 40-back trials on the current trial. Results showed
that all trials from 1-back to 40-back (each trial averaged 5.37s) produced signif-
icant repulsive bias for the current trial (a range: -1.13 to -0.98, all ps < 0.05),
but no attractive bias [Figure 2: see original paper]. Since only repulsive bias
was present and all a values were negative, we used the absolute value of a as
the repulsive bias amplitude in subsequent analyses, with larger absolute values
indicating greater repulsive bias magnitude.

Figure 2. DoG fitting results. (A) To illustrate our statistical approach, DoG
fit results for the 1-back trial for one participant are shown (a = -1.11). The
orange curve represents the DoG function, and gray points represent raw data.
The peak-to-valley distance indicates bias amplitude. (B) DoG fit results for the
40-back trial for the same participant (a = -1.77). (C) Bias amplitude from 1-
back to 40-back across all participants; gray shading represents 0.95 confidence
intervals.

Next, we examined correlations between repulsive bias amplitude and AQ, EQ,
and movement imagery. Results showed that 1-back trial repulsive bias ampli-
tude significantly correlated with third-person perspective scores on the VMIQ
(r = 0.35, p = 0.02, BF10 = 2.92), but not with other interval durations. This
suggests that weaker third-person movement imagery is accompanied by greater
repulsive bias. No correlations were found between repulsive bias amplitude and
EQ, AQ, any AQ dimension scores, or other VMIQ dimension scores (all ps >
0.05, BF10 < 1).

Finally, we examined the correlation between 1-back trial repulsive bias ampli-
tude and holistic recognition error. A significant negative correlation emerged (r
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= -0.34, p = 0.03, BF10 = 2.69), indicating that larger repulsive bias amplitude
was associated with lower recognition error.

Discussion
This study investigated serial biases in biological motion emotion recognition.
We found that (1) judgments of biological motion emotion systematically devi-
ated from past judgments, showing repulsive bias without attractive bias, and
that repulsive bias amplitude correlated with emotion recognition error, with
larger repulsive bias accompanied by lower recognition error; and (2) external
third-person movement imagery correlated with repulsive bias amplitude, such
that poorer third-person motor representation ability was associated with larger
repulsive bias.

The first notable finding is the absence of attractive bias. While attractive bias
has emerged in most previous studies, it was not observed here. One possible
explanation is that attractive bias primarily functions to establish object conti-
nuity for stimuli presented continuously. Most prior studies used static stimulus
materials processed as “frames” in the visual system, whereas our dynamic stim-
uli were processed as “units.” This unexpected finding warrants consideration
in future research.

We observed a prolonged repulsive bias that may represent an adaptation pro-
cess, involving continuous recalibration of emotion recognition. Consequently,
we found a significant correlation with lower emotion recognition error, indi-
cating that modulation of current perception through past biological motion
perception enhances emotion recognition accuracy. Previous studies have re-
ported similar effects in face recognition. However, because we used the mean
rating across all participants as the “correct” rating, this result actually rep-
resents a large repulsive aftereffect that brings individual participants’ ratings
closer to the population average. Since people constantly interact with many
others throughout the day, understanding how each judgment is affected in
such sequences is important. Previous research, such as Troje et al. (2006),
demonstrated similar adaptive aftereffects when identifying gender from biolog-
ical motion.

Another key finding was that repulsive bias amplitude was not associated with
empathy, overall autistic traits, or individual autism dimension traits, with
Bayesian factors supporting the null hypothesis. This suggests that repulsive
bias amplitude is not influenced by social-cognitive functioning but rather by
third-person movement imagery—that is, adaptation to biological motion emo-
tion is linked not to social cognition but to general visual-cognitive function or
movement perception. Biological motion emotion judgment may be achieved
based on physical characteristics such as body sway and walking speed. Our
results showed that poorer third-person movement imagery ability was accompa-
nied by larger bias amplitude, possibly reflecting a compensatory effect of visual
adaptation. Individuals with weak third-person movement imagery may expe-
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rience greater ambiguity in action recognition and therefore require stronger
recalibration to achieve accurate recognition.

A limitation of this study is that we found only repulsive bias, yet the DoG fit-
ting method is primarily a tool for investigating attractive bias in most research.
This is because we initially considered both attractive and repulsive biases at
the study’s outset. Although DoG fitting can provide evidence for adaptation,
it makes comparison difficult with past experiments using visual adaptation
paradigms. However, one advantage of this approach is that it allows analysis
of adaptation magnitude in continuously presented biological motion sequences.
Our preliminary finding of no attractive bias in biological motion emotion recog-
nition requires further investigation to determine whether this is universal or
specific to our experimental design. Therefore, our future research plans include
further examination of attractive bias in biological motion emotion recognition
and revalidation of our current findings using visual adaptation paradigms.
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