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Abstract
Introduction  Gait integrates sensorimotor and affective processes, serving both locomotor function and emotional expression. 
This embodiment framework has clinical relevance in neurodegenerative disorders and suggests potential for emotion-based 
modulation of gait.
Objectives  This study developed and tested a range of emotion-specific gait videos to assess whether healthy individuals 
could correctly recognize different emotions, in order to identify standardized stimuli for future research on emotion recog-
nition and embodied simulation in neurological patients.
Methods  We created a video questionnaire featuring an actress walking with gait patterns meant to convey eight emotions: 
happiness, surprise, fear, anxiety, disgust, sadness, anger, and neutral. Her facial expressions were either visible or blurred 
to focus attention on body movements. Participants selected the recognized emotion from a list and rated its valence and 
intensity. Recognition accuracy, specificity, sensitivity, valence, and intensity scores were used to identify the most effective 
video for each emotion.
Results  110 healthy subjects (aged 25–40 years) participated in the questionnaire. Most emotions—neutral, happiness, sad-
ness, fear, and anger—were recognized with high accuracy (> 90%), specificity and sensitivity in blurred-face videos. Disgust 
and surprise were harder to identify, and anxiety was often confused with fear. Valence and intensity ratings aligned with 
the intended emotions for both blurred and visible faces, although they were generally higher for visible facial expressions.
Conclusion  This study validates emotional gait videos as reliable stimuli for emotion recognition in healthy adults, laying 
the groundwork for their use in research on emotional embodiment in neurological disorders. These stimuli offer a tool for 
exploring emotion–gait interactions and developing emotion-based neurorehabilitation strategies.
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Introduction

Human gait is a complex motor behavior that not only ena-
bles locomotion but also serves as a powerful channel for 
nonverbal emotional expression. Variations in gait, such 
as stride length, walking speed, arm swing, and postural 
alignment, can convey distinct emotional states, including 
happiness, sadness, anxiety, fear, and anger [1–3]. Increas-
ing evidence suggests that observers can reliably infer 
emotional states based solely on the kinematic properties 
of walking [4–8]. This capacity for emotional recognition 
reflects a broader neurocognitive mechanism of embodi-
ment, where emotions are both expressed and perceived 
through the body [9].

From a neurophysiological perspective, the ability to 
decode emotions through gait is supported by the mirror 
neuron system (MNS), primarily located in the fronto-
parietal regions, as well as by limbic structures such as the 
amygdala and insula [10]. The MNS enables the internal 
simulation of observed motor acts, facilitating empathic 
understanding via embodied representations [11]. Func-
tional imaging studies have shown that emotional gaits 
elicit distinct neural activation patterns, highlighting the 
integration of motor and affective processes [12].

This embodied perspective has meaningful clinical 
implications, particularly for neurodegenerative diseases 
like Parkinson’s disease (PD). Indeed, beyond classical 
motor symptoms such as bradykinesia and rigidity, PD 
patients often exhibit emotional and behavioral altera-
tions, especially depression and anxiety, which contribute 
to gait disturbances [13–17]. Specifically, depression in 
PD is closely linked to the postural instability and gait 
disorder phenotype, and is associated with reduced gait 
speed, altered stride parameters, and increased variabil-
ity, even in early stages and under dopaminergic treatment 
[13]. On the other hand, stressful and anxious situations 
can facilitate the occurrence of freezing of gait in PD, 
supporting the strong influence of the limbic system on 
motor behavior.

Recent research suggests that emotions influence gait 
not only in clinical populations but also in healthy indi-
viduals: negative emotions are typically associated with 
reduced speed, limited limb motion, and forward trunk 
flexion, whereas positive emotions correlate with faster 
walking, greater joint excursion, and upright posture [5, 
18, 19]. This raises the question of whether emotional 
states could be intentionally employed to modulate and 
train spatio-temporal gait parameters, particularly in reha-
bilitation settings.

To date, physiotherapy interventions aimed at improv-
ing gait in neurological disorders, such as treadmill train-
ing, dual-task training, and multimodal mobility programs, 

have shown efficacy in enhancing spatio-temporal gait 
parameters [20]. Among these, Action Observation Train-
ing (AOT) has emerged as particularly promising due to its 
long-lasting effects. AOT leverages the activation of the 
MNS to facilitate motor learning through the observation 
of goal-directed actions [21–27]. However, the most effec-
tive ways to implement AOT remain under investigation, 
particularly regarding the content of the observed actions.

Given the complex interplay between emotion and gait, 
incorporating emotional content into AOT protocols may 
enhance outcomes. Observing gait patterns that embody spe-
cific emotions could not only reinforce motor learning but 
also evoke corresponding emotional states in the observer, a 
bottom-up embodiment effect. This approach may be espe-
cially valuable in PD, where emotional dysregulation and 
motor symptoms are intertwined.

To explore this possibility, recent studies propose using 
video stimuli that depict walking styles associated with dis-
tinct emotions (e.g., happiness, sadness, fear) [13]. These 
emotionally informed gait videos could be used to investi-
gate how emotion modulates motor performance and percep-
tion in both healthy individuals and clinical populations. 
However, before these stimuli can be applied in neurological 
contexts, it is essential to assess their perceptual validity in 
healthy observers. Testing such stimuli ensures their emo-
tional salience and discriminability across observers, thereby 
supporting both experimental rigor and clinical relevance.

Thus, the primary aim of the present study is to test 
whether healthy individuals can reliably recognize specific 
emotions from gait-based video stimuli. This process is a 
critical first step toward the selection of a set of standardized 
and emotionally salient gait videos. These videos will serve 
as experimental tools in future research exploring emotion 
recognition and embodied simulation in patients with neu-
rological disorders such as PD. In this way, the study aims 
at establishing a robust methodological foundation for future 
applications in affective-motor rehabilitation.

Materials and methods

Inclusion criteria

We included healthy young adults ranging from 25 to 
40 years of age in order to include subjects in their full emo-
tional maturity (≥ 25 years old) [28] and without any poten-
tial influence of aging on emotional processes. Subjects were 
recruited by word of mouth among institute personnel and 
their acquaintances and they were excluded after a careful 
anamnesis if their medical history indicated any major neu-
rological or psychiatric disorder, or substance abuse, which 
could interfere with cognitive processing.
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Questionnaire development

A questionnaire aimed at assessing the possibility to 
recognize emotions transmitted through body move-
ments during gait was developed. The questionnaire was 
administered online and contained videos of an actress 
walking with different gait patterns according to specific 
emotions (happiness, surprise, fear, anxiety, disgust, sad-
ness, anger, and neutral). The actress was instructed by 
an expert of gait analysis to walk on a treadmill while 
embodying these emotions, according to the gait patterns 
previously described in the literature [1, 5, 6, 18], and 
her facial expressions in the videos were intentionally 
blurred to promote emotion recognition through body 
movements (bottom-up embodiment). In total 16 videos 
were recorded, two videos for each emotion with two 
levels of body movement exaggeration according to the 
hypothesis that more exaggerated body movements would 
produce more accurate emotion classification and higher 
rating of emotional intensity [4]. After the observation of 

blurred-face videos, participants were shown the videos 
including facial expressions for the first time, to assess dif-
ferences in emotion recognition and interpretation. Videos 
lasted approximately 6 s each and were presented once, in 
a randomized order for both blurred and facial expression 
videos. Participants first viewed all the videos with blurred 
faces and were not allowed to see the versions showing 
facial expressions beforehand. A graphical representation 
of the proposed emotional gait videos with the description 
of the relative gait features is presented in Fig. 1. All the 
videos are available at this link https://​forms.​office.​com/e/​
B6w07​55Jr8.

After the observation of each video participants were 
asked to select the emotion they believe the actress is 
experiencing from a list of emotions (happiness, surprise, 
fear, anxiety, disgust, sadness, anger, and neutral). Then 
participants were asked to rate the valence, defined as the 
pleasantness or unpleasantness of the emotion, perceived 
by the actress on scale ranging from 1 to 5 (1 = extremely 
positive, 2 = positive, 3 = neutral, 4 = negative and 

Fig. 1   Representation and 
description of the gait patterns 
associated with each emotion

https://forms.office.com/e/B6w0755Jr8
https://forms.office.com/e/B6w0755Jr8


	 Journal of Neurology         (2025) 272:770   770   Page 4 of 13

5 = extremely negative) and the intensity of the emotion 
perceived by the actress on a scale ranging from 0 to 10 
(0 = no intensity, 10 = maximal intensity).

Statistical analysis

Statistical analyses were performed using IBM SPSS Sta-
tistics version 23. The significance level was set at p < 0.05. 
Descriptive statistics (percentage, frequency, mean and 
standard deviation) were used to describe the sample charac-
teristics and the performance at the questionnaire. The nor-
mality of the results was assessed using the Shapiro–Wilk 
test. Considering the non-normal distribution of our data, 
comparisons between blurred-face videos and videos show-
ing facial expressions were assessed using Mann–Whitney 
test for continuous variables, while categorical variables 
were analyzed using Chi-square tests.

To identify the most effective video for each emotion (the 
video achieving the highest percentage of emotion agree-
ment), the accuracy, the mean value of valence and inten-
sity, the sensitivity, specificity and F1 score were calculated. 
Inter-rater agreement was assessed using Fleiss’ Kappa (κ). 
For each stimulus, individual agreement indices (Pi) were 
computed to quantify the level of consistency among par-
ticipants’ responses. These steps allow for the selection of 
videos based on data from a healthy population. The selected 
videos will subsequently be presented to a more extended 
population of healthy subjects (in order to stratify results 
according to age) and to subjects with PD in future studies.

Results

We recruited 110 healthy subjects by word of mouth among 
institute personnel and their acquaintances. The sam-
ple included 46 men and 64 women with a mean age of 
30.64 ± 4.05 (range 25–40) and mean years of education 
18.39 ± 2.74 (range 12–26). All the subjects underwent 
the complete questionnaire and results are summarized in 
Table 1.

Emotion recognition

Performance of emotion recognition both in blurred-face 
videos and in videos showing facial expressions is reported 
in Fig. 2. Values of specificity, sensitivity, F1 score and Pi of 
blurred-face videos are reported in Supplementary Table S1.

Overall, the Fleiss’ Kappa analysis showed a κ of 0.68 (CI 
95%: 0.65–0.72) representing a substantial level of agree-
ment among participants in recognizing the emotional con-
tent of the videos.

Among the observed emotional gait videos with blurred 
face, the most frequently recognized conditions were neu-
tral, happiness, sadness, fear and anger in which at least one 
video showed a mean accuracy exceeding 90% (ranging 
from 91 to 100%), specificity and sensitivity exceeding 0.9 
(ranging from 0.91 to 1), F1 score ranging from 0.6 to 0.97 
and Pi ranging from 0.83 to 1 (Supplementary Table S1). 
In contrast, surprise and disgust were more challenging to 
identify through observation of the gait pattern, with a mean 
accuracy < 90%. Surprise videos showed similar metrics of 
specificity (0.99), sensitivity (0.85), F1 score 0.87 and Pi 
(ranging from 0.72 to 0.73). Disgust videos showed the 
worse performance, with low sensitivity, F1 score, and Pi 
(Supplementary Table S1).

Anxiety was frequently confused with fear and vice-versa, 
supporting the common nature of these emotions. In this 
context, if we consider that both answers could be consid-
ered correct for each video, we identified effective videos 
also for fear/anxiety (exceeding 90% accuracy). Also in the 
case of anxiety, there was a video showing a good perfor-
mance (specificity 0.95, sensitivity 0.85, F1 score 0.67 and 
Pi 0.74).

The detailed results are presented below:

Neutral

Video Neutral 1 blurred was correctly recognized by 98% of 
participants (specificity 0.96, sensitivity 0.98, F1 score 0.75, 
Pi 0.96). In this video, neutral was confused with sadness 
(2%). The same video showing facial expressions was cor-
rectly recognized by 91% of participants, while 9% confused 
neutral with sadness. Blurred video was correctly recognized 
significantly more frequently than the one showing facial 
expressions (p = 0.03).

Video Neutral 2 blurred was correctly recognized by 88% 
of participants (specificity 0.96, sensitivity 0.88, F1 score 
0.70, Pi 0.79). In this video, neutral was confused with sad-
ness (12%). The same video showing facial expressions was 
correctly recognized by 94% of participants, while 6% con-
fused neutral with sadness.

Happiness

Video Happiness 1 blurred was correctly recognized by 66% 
of participants (specificity 0.99, sensitivity 0.66, F1 score 
0.75, Pi 0.55). In this video, happiness was confused with 
neutral (34%). The same video showing facial expressions 
was correctly recognized by 100% of participants. Blurred 
video was correctly recognized significantly less frequently 
than the one showing facial expressions (p < 0.001).

Video Happiness 2 blurred was correctly recognized by 
91% of participants (specificity 0.99, sensitivity 0.91, F1 
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score 0.90, Pi 0.83). In this video, happiness was confused 
with neutral (8%) or surprise (1%). The same video show-
ing facial expressions was correctly recognized by 100% of 
participants. Blurred video was correctly recognized signifi-
cantly less frequently than the one showing facial expres-
sions (p = 0.002).

Surprise

Video Surprise 1 blurred was correctly recognized by 85% 
of participants (specificity 0.99, sensitivity 0.85, F1 score 
0.87, Pi 0.73). In this video, surprise was confused with 
happiness (5%), anxiety (4%), sadness (4%), disgust (1%), 
Fear (1%) or neutral (1%). The same video showing facial 
expressions was correctly recognized by 95% of participants, 
while 5% confused surprise for happiness. Blurred video was 

correctly recognized significantly less frequently than the 
one showing facial expressions (p = 0.02).

Video Surprise 2 blurred was correctly recognized by 
85% of participants (specificity 0.99, sensitivity 0.85, F1 
score 0.87, Pi 0.72). In this video, surprise was confused 
with happiness (5%), anger (4%), sadness (3%), anxiety (2%) 
or disgust (2%). The same video showing facial expressions 
was correctly recognized by 93% of participants, while 7% 
confused surprise for happiness.

Fear

Video Fear 1 blurred was correctly recognized by 84% of 
participants (specificity 0.93, sensitivity 0.84, F1 score 0.57, 
Pi 0.71). In this video, fear was confused with anxiety (10%) 
or surprise (6%). The same video showing facial expressions 
was correctly recognized by 86% of participants, while fear 

Table 1   Emotional gait pattern recognition and interpretation in a population of 110 healthy adults during the observation of different walking 
conditions with blurred face

p values refer to chi-square test for Correct answers and Valence, and to Mann–Whitney test for Intensity
Valence score ranged from 1 to 5 (1 = extremely positive, 2 = positive, 3 = neutral, 4 = negative and 5 = extremely negative). Intensity ranged 
from 0 to 10 (0 = no intensity, 10 = maximal intensity)

Blurred-face gait videos Facial expression gait videos Blurred versus facial expression

Correct 
answers 
(%)

Valence 
(1/2/3/4/5)

Intensity 
(mean ± std)

Correct 
answers 
(%)

Valence 
(1/2/3/4/5)

Intensity 
(mean ± std)

p correct 
answers

p valence p intensity

Neutral
Neutral 1 98 3/4/99/3/1 3.17 ± 2.67 91 2/1/97/9/1 3.71 ± 2.95 0.03 0.29 0.17
Neutral 2 88 3/5/95/6/3 3.52 ± 2.70 94 2/1/99/8/0 3.48 ± 2.86 0.24 0.18 0.81
Happiness
Happiness 1 66 35/50/23/1/1 5.95 ± 2.32 100 78/27/0/4/1 8.23 ± 1.17  < 0.001  < 0.001  < 0.001
Happiness 2 91 65/29/8/5/3 7.45 ± 1.60 100 87/15/0/4/4 8.54 ± 1.15 0.002 0.003  < 0.001
Surprise
Surprise 1 85 15/60/18/16/1 6.31 ± 1.60 95 55/50/0/3/2 7.98 ± 1.17 0.02  < 0.001  < 0.001
Surprise 2 85 48/31/3/20/8 8.10 ± 1.40 93 86/14/0/4/6 8.92 ± 0.94 0.09  < 0.001  < 0.001
Fear
Fear 1 84 0/4/15/63/28 7.50 ± 1.51 86 0/0/9/82/19 7.40 ± 1.29 0.71 0.02 0.51
Fear 2 91 0/0/21/68/21 7.44 ± 1.25 95 0/0/3/68/39 8.08 ± 1.00 0.29  < 0.001  < 0.001
Anxiety
Anxiety 1 85 1/0/4/65/40 7.62 ± 1.50 89 0/1/10/72/27 7.55 ± 1.27 0.55 0.11 0.42
Anxiety 2 60 0/1/6/71/32 7.61 ± 1.43 75 0/1/1/82/26 7.60 ± 1.19 0.03 0.17 0.57
Disgust
Disgust 1 38 0/2/24/77/7 6.55 ± 1.35 91 0/0/5/76/29 7.88 ± 1.17  < 0.001  < 0.001  < 0.001
Disgust 2 45 0/0/11/70/29 7.35 ± 1.54 95 0/1/6/65/38 8.04 ± 1.33  < 0.001 0.28 0.001
Sadness
Sadness 1 87 0/0/23/74/13 6.20 ± 1.83 97 0/0/16/82/12 6.59 ± 1.53 0.01 0.43 0.16
Sadness 2 100 1/0/1/44/64 8.11 ± 1.40 100 0/0/2/50/58 7.87 ± 1.49 1.00 0.57 0.19
Anger
Anger 1 92 0/1/14/62/33 7.11 ± 1.57 99 0/0/4/60/46 7.53 ± 1.35 0.02 0.03 0.07
Anger 2 98 0/0/1/18/91 8.62 ± 0.87 98 0/0/0/15/95 9.22 ± 0.75 1.00 0.51  < 0.001
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was confused for anxiety (10%), surprise (3%) or neutral 
(1%).

Video Fear 2 blurred was correctly recognized by 91% 
of participants (specificity 0.93, sensitivity 0.91, F1 score 
0.60, Pi 0.83). In this video, fear was confused with anxiety 
(6%), surprise (2%) or disgust (1%). The same video show-
ing facial expressions was correctly recognized by 95% of 
participants, while fear was confused for anxiety (4%), or 
disgust (1%).

Anxiety

Video Anxiety 1 blurred was correctly recognized by 85% 
of participants (specificity 0.95, sensitivity 0.85, F1 score 
0.67, Pi 0.74). In this video, anxiety was confused with 
fear (8%) or disgust (6%). The same video showing facial 
expressions was correctly recognized by 89% of partici-
pants, while anxiety was confused for fear (5%), disgust 
(5%) or happiness (1%).

Fig. 2   Performance of emotion 
recognition both in blurred-face 
videos (A) and in videos show-
ing facial expressions (B). Color 
bar represents the percentage of 
the answers from 0 to 100
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Video Anxiety 2 blurred was correctly recognized by 
60% of participants (specificity 0.95, sensitivity 0.60, F1 
score 0.52, Pi 0.47). In this video, anxiety was confused 
with fear (33%), disgust (5%) or sadness (3%). The same 
video showing facial expressions was correctly recognized 
by 75% of participants, while anxiety was confused for 
fear (22%), disgust (3%) or sadness (1%). Blurred video 
was correctly recognized significantly less frequently than 
the one showing facial expressions (p = 0.03).

Disgust

Video Disgust 1 blurred was correctly recognized by 
38% of participants (specificity 0.98, sensitivity 0.38, F1 
score 0.48, Pi 0.35). In this video, disgust was confused 
with fear (44%), anxiety (15%), neutral (3%) or surprise 
(1%). The same video showing facial expressions was 
correctly recognized by 91% of participants, while dis-
gust was confused for fear (6%), neutral (2%) or anxiety 
(1%). Blurred video was correctly recognized significantly 
less frequently than the one showing facial expressions 
(p < 0.001).

Video Disgust 2 blurred was correctly recognized by 
45% of participants (specificity 0.98, sensitivity 0.45, F1 
score 0.55, Pi 0.34). In this video, disgust was confused 
with anxiety (30%), fear (23%) or neutral (2%). The same 
video showing facial expressions was correctly recognized 
by 95% of participants, while disgust was confused for fear 
(4%) or anxiety (1%). Blurred video was correctly recog-
nized significantly less frequently than the one showing 
facial expressions (p < 0.001).

Sadness

Video Sadness 1 blurred was correctly recognized by 87% 
of participants (specificity 0.98, sensitivity 0.91, F1 score 
0.84, Pi 0.77). In this video, sadness was confused with 
neutral (10%), disgust (2%) or fear (1%). The same video 
showing facial expressions was correctly recognized by 
97% of participants, while 3% confused sadness for neu-
tral. Blurred video was correctly recognized significantly 
less frequently than the one showing facial expressions 
(p = 0.01).

Video Sadness 2 blurred was correctly recognized by 
100% of participants (specificity 0.98, sensitivity 1, F1 score 
0.89, Pi 1). The same video showing facial expressions was 
correctly recognized by 100% of participants.

Anger

Video Anger 1 blurred was correctly recognized by 92% 
of participants (specificity 0.99, sensitivity 0.92, F1 score 
0.94, Pi 0.84). In this video, anger was confused with neu-
tral (4%), disgust (1%), anxiety (1%), happiness (1%) or 
sadness (1%). The same video showing facial expressions 
was correctly recognized by 99% of participants, while 1% 
confused anger with disgust. Blurred video was correctly 
recognized significantly less frequently than the one show-
ing facial expressions (p = 0.02).

Video Anger 2 blurred was correctly recognized by 98% 
of participants (specificity 0.99, sensitivity 0.98, F1 score 
0.97, Pi 0.96). In this video, anger was confused with dis-
gust (1%) or anxiety (1%). The same video showing facial 
expressions was correctly recognized by 98% of partici-
pants, while 2% confused anger with disgust.

Emotion valence

Table 1 reports the detailed frequency of valence scores 
associated by the subjects to each video. Figure 3 and Sup-
plementary Fig. S1 represent the distribution of valence 
scores associated with each video. For both blurred videos 
and videos showing facial expressions, neutral gait was 
generally associated with neutral valence while partici-
pants attributed negative valence to the emotions sadness, 
fear, anxiety, anger and disgust (only videos showing facial 
expressions). Happiness and surprise were evaluated as 
positive. The valence attributed to disgust in blurred vid-
eos cannot be considered valid considering the low rate of 
correct emotion recognition. Valence scores were signifi-
cantly different between blurred videos and videos show-
ing facial expressions for Happiness 1 and 2, Fear 1 and 2, 
Anger 1, Disgust 1 and Surprise 1 and 2 (Table 1).

Emotion intensity

Table 1 reports mean and standard deviation values of the 
intensity associated to the emotions in each video. Fig-
ure 4 represents the distribution of intensity scores asso-
ciated with each video. Generally, all the emotions more 
frequently correctly recognized, except for the neutral 
video, were rated around 7 or 8 on a scale ranging from 
0 to 10, both in blurred videos and videos showing facial 
expressions. The neutral condition showed low perceived 
intensity (about 3 out of 10). Perceived intensity was sig-
nificantly lower in blurred videos relative to videos show-
ing facial expressions in Happiness 1 and 2, Fear 2, Anger 
2, Disgust 1 and 2, Surprise 1 and 2 (Table 1).
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Selected videos

Based on our findings regarding emotion recognition, inten-
sity, and valence, we selected one effective blurred video for 
each emotion (except for disgust and surprise) as follows: 

Happiness (video 2), Sadness (video 2), Anxiety (video 1, 
also suitable for evoking fear), Fear (video 2), and Anger 
(video 2). These stimuli may be valuable for future studies 
investigating emotion recognition and embodied simulation 
in patients with neurological conditions such as PD.

Fig. 3   Kernel density estimates representing the distribution of 
valence scores associated with each video for both blurred-face con-
ditions (bold line) and videos showing facial expressions (dashed 
line). Density represents the number of subjects answering a score, 

normalized in a range 0 to 1. Colors represent different valence 
scores: dark green = extremely positive (score 1), light green = posi-
tive (score 2), grey = neutral (score 3), orange = negative (score 4) and 
red = extremely negative (score 5)
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Discussion

Summary of main findings

The present study aimed to assess whether healthy adults 
can recognize emotional states expressed through gait in the 
absence of facial cues, and to identify a set of validated gait 
videos suitable for future applications in clinical popula-
tions, particularly patients with PD. Our findings support the 
hypothesis that emotions can be conveyed and recognized 

through body movement alone, although with varying 
degrees of accuracy, specificity and sensitivity depending 
on the specific emotion. This work represents an important 
preliminary step toward the development of ecologically 
valid, embodied emotional stimuli that can be used to probe 
affective processing and motor-affective integration in both 
health and disease conditions.

One of the most important results was that several 
emotions, namely neutral, happiness, sadness, fear/
anxiety, and anger, were recognized with high accuracy, 

Fig. 4   Distribution of intensity 
scores both in blurred-face vid-
eos (A) and in videos showing 
facial expressions (B). Intensity 
ranged from 0 to 10 (0 = no 
intensity, 10 = maximal inten-
sity). Color bar represents the 
number of subjects attributing 
each specific intensity level
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specificity and sensitivity from gait patterns even when 
facial information was removed. Moreover, we found a 
substantial Fleiss’ κ and high Pi values indicating that 
participants showed a high level of agreement in rec-
ognizing the emotions conveyed by gait. This suggests 
that emotional information was reliably expressed and 
perceived through movement patterns, supporting the 
validity of the stimuli used in the study. In some cases 
(e.g., Neutral 1), recognition rates were even higher in 
the blurred-face condition than when facial expressions 
were visible. This may indicate that facial features can 
sometimes interfere with, rather than aid, the decoding 
of body-language-based emotional cues. This observa-
tion aligns with the bottom-up embodiment theory, which 
suggests that emotional understanding arises from sen-
sorimotor simulation of observed movements [29, 30], 
rather than solely from cognitive processing of facial or 
verbal cues [31].

Emotion‑specific challenges

However, not all emotions were equally well recognized. 
Disgust proved particularly challenging to identify based 
on gait alone, with recognition rates falling below 50% in 
certain videos. These findings are consistent with previ-
ous research indicating that some emotions, particularly 
disgust, rely more heavily on facial musculature (e.g., 
nose wrinkling, upper lip retraction), and less on whole-
body expression [32]. Conversely, sadness and anger have 
been shown to involve consistent postural correlates (e.g., 
slumped shoulders, reduced arm swing, short strides and 
increased trunk rigidity), which may facilitate their detec-
tion even in the absence of facial information [6, 7, 33].

The frequent confusion between fear and anxiety is 
also noteworthy and has been previously reported in the 
affective neuroscience literature [34]. Both emotions share 
overlapping physiological substrates, such as hyperarousal, 
and similar motor features, including reduced stride 
length, increased body tension, and altered arm swing [15, 
35, 36]. From a clinical perspective, the overlap between 
fear and anxiety highlights that their distinction can only 
be made when considering the context in which these emo-
tions are experienced. For example, in the case of fear, 
it is crucial that the eliciting stimulus is clearly present 
and identifiable (e.g., encountering a growling wolf). In 
contrast, anxiety typically arises from anticipatory cogni-
tive processes, often involving more or less catastrophic 
thoughts about the future. In the proposed video stimuli, 
these contextual elements are absent; therefore, in the 
absence of such information, we suggest treating fear and 
anxiety as a composite category when analyzing embodied 
emotion recognition.

Valence and intensity perception

The valence and intensity ratings provided additional 
insights into the way emotions are perceived through gait. 
As expected, neutral gait was consistently rated as emotion-
ally neutral and of low intensity, while happiness and sur-
prise were perceived as positive and moderately intense, and 
emotions like sadness, fear, anger, and anxiety were rated 
as negative with moderate to high intensity. Importantly, 
the valence and intensity of blurred-face videos often dif-
fered significantly from those including facial expressions, 
highlighting the influence of facial information to amplify 
emotional perception [31]. Nevertheless, several blurred-
face videos still elicited coherent emotional ratings, sug-
gesting that gait alone can carry sufficient information for 
the perception of emotional intensity and valence in many 
cases [3–5, 8].

Clinical implications

The clinical implications of these findings are significant. 
In recent years, growing attention has been given to the 
bidirectional relationship between emotion and movement 
[13]. In PD, emotional state has been shown to influence gait 
parameters: for instance, negative emotions correlate with 
slower walking speed, reduced stride length, and forward 
trunk flexion, while positive emotions are linked to increased 
walking speed and more upright posture [13, 37, 38]. Emo-
tional states can influence motor parameters, and conversely, 
motor patterns may reinforce or modulate affective experi-
ence through embodied feedback mechanisms. The recipro-
cal relationship between motor behavior and emotional state 
suggests that emotions could be exploited therapeutically to 
enhance gait function, particularly in patients with motor 
and affective impairments. This idea aligns with embodied 
cognition theories, which posit that movement and emotion 
are interdependent processes [31]. For example, adopting a 
joyful gait posture, characterized by upright trunk, rhythmic 
arm swing, and increased stride length, could potentially 
trigger positive affect via feedback loops between somatic 
expression and emotional regulation [15, 39, 40]. This sug-
gests that emotionally-informed gait training, where patients 
are encouraged to embody positive emotional states through 
movement (e.g., adopting an upright posture, rhythmic arm 
swing), could be a novel approach to motor rehabilitation 
promoting both motor and affective benefits. The validation 
of emotionally expressive gait stimuli in healthy adults is a 
necessary first step toward implementing such interventions.

Future directions

One potential avenue is the integration of these validated 
stimuli into AOT protocols. AOT, which involves observing 
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goal-directed actions to facilitate motor learning via MNS 
activation, has shown efficacy in improving gait in PD and 
other motor disorders [21–27]. To date, however, AOT 
paradigms have generally relied on neutral motor actions. 
The addition of emotional content to these actions, tested 
in healthy populations for recognition accuracy, specificity, 
sensitivity, valence, and intensity, could enhance engage-
ment and learning by stimulating emotional-motor circuits 
resonance and maximize the effectiveness of AOT para-
digms [41]. Moreover, the fact that certain emotions such 
as happiness and sadness were reliably recognized even in 
blurred-face videos suggests that bottom-up processes of 
embodiment are sufficient to trigger affective understand-
ing. This is particularly relevant for individuals with defi-
cits in cognitive-emotional processing (as in some forms of 
frontotemporal dementia or in advanced PD), where access 
to abstract or verbal emotional cues may be impaired. Pre-
senting emotional content through movement could offer 
an alternative channel for communication and therapeu-
tic engagement, allowing emotionally meaningful stimuli 
to bypass higher-order deficits and reach affective-motor 
systems through a more embodied route [29–31]. Future 
research could investigate whether AOT protocols that incor-
porate gait videos with distinct emotional content, rather 
than neutral movements, produce greater improvements in 
spatio-temporal gait parameters in individuals with neuro-
logical disorders. By engaging both motor and affective sys-
tems, emotionally enriched gait observation might not only 
enhance motor performance but also support emotional-
motor coupling, offering a novel approach to rehabilitation.

Limitations

Several limitations of this study warrant consideration. 
First, we used a single actress for all gait recordings. While 
this allowed for control over stylistic variation, it may limit 
generalizability, as emotional expression is highly individ-
ual. For instance, previous evidence suggested that motor 
resonance, the process that supports emotion understand-
ing through action observation, can be affected by gender 
similarity between the observer and the actor. Thus, future 
studies should include multiple actors of different genders, 
ages, and body types to enhance the robustness and external 
validity of the results. Second, we did not collect data on 
the participants’ own emotional states at the time of test-
ing, which could influence perception. Given that emotional 
perception is modulated by mood congruency future ver-
sions should incorporate mood assessments [42]. Third, 
the use of a treadmill for gait recordings, while ensuring 
standardized video production, may limit natural movement 
and emotional expressivity compared to overground walk-
ing. Treadmill walking can modify gait parameters such as 
cadence and stride length, reducing the spontaneity typical 

of real-world gait. Future studies should include overground 
or more ecological conditions to validate and extend the cur-
rent findings. Fourth, our results provide a basis for stratified 
analysis in future studies. While our current sample included 
healthy adults in their emotional and motor maturity (ages 
25–40), the emotional salience of these gait patterns should 
be tested in older adults and in neurological populations such 
as PD. This would determine whether the selected videos 
are robust to age-related perceptual or motor changes, and 
whether emotion recognition accuracy correlates with motor 
severity or mood disturbances in PD.

Conclusions

In conclusion, this study provides preliminary validation of 
a set of emotional gait videos as reliable stimuli for emo-
tion recognition in healthy adults, confirming that gait alone 
can convey discrete emotional states. The validated stimuli, 
especially those exceeding 90% recognition accuracy and 
achieving high sensitivity and specificity scores, can be 
utilized in future research about emotional embodiment in 
neurological diseases such as PD. By first validating emo-
tional gait stimuli in a healthy population, we established a 
robust methodological foundation for investigating how indi-
viduals with neurological conditions perceive and embody 
these emotional signals. This two-step approach ensures that 
future studies and interventions are grounded in ecologically 
valid and perceptually reliable materials. The integration 
of emotional cues into gait observation and training repre-
sents a promising and innovative direction for both research 
and rehabilitation, offering both theoretical advancements 
in emotion–motor coupling and practical applications 
exploiting mirror neuron and limbic system mechanisms. 
Ultimately, by combining insights from embodied cogni-
tion, affective neuroscience, and motor rehabilitation, this 
line of research holds the potential to inform emotionally 
enriched therapeutic strategies that might enhance not only 
motor function but also emotional engagement and overall 
quality of life.
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