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ABSTRACT

Motion tracking in extended reality (XR) enables immersive expe-
riences but also raises privacy concerns. Prior work has shown that
motion data enables model-based personal attribute inference, with
richer body tracking improving accuracy. However, less is known
about whether tracking more body regions can also improve human
perceptual inference. This study compares upper-body and full-
body motion tracking in a between-subjects experiment (N = 120),
where participants inferred gender, age, height, weight, and ethnic-
ity from skeletal motion clips. While participants reliably inferred
certain attributes in both conditions, there was no statistically sig-
nificant difference in accuracy between conditions.

Index Terms: Social XR, privacy, HCI.

1 INTRODUCTION

Extended reality (XR) systems commonly use body motion track-
ing to support immersive interaction. Prior work has shown that
motion from the head and hands, as well as from additional body
regions, can be used for identification and inference of personal at-
tributes such as gender and age [7, 8], indicating that motion data
can pose privacy risks. Prior work usually focuses on algorithmic
inference. In social XR, however, motion cues are visible to other
users, who may become potential adversaries by inferring personal
attributes from movement [5], potentially violating contextual in-
tegrity [9]. Such (mis)perceptions can shape social interaction and
may cause harassment or other safety risks [10, 12]. Less is known
about whether the scope of motion tracking affects perceptual risks.
Consumer XR systems mainly track the head and hands, while sup-
port for full-body tracking has become more common. Full-body
tracking exposes additional cues from the legs and hips and could
potentially improve observers’ ability to infer personal attributes.

This paper presents a user study examining differences in human
attribute inference between upper-body and full-body skeletal mo-
tion. Motion sequences involving full-body coordination were se-
lected from the Nymeria dataset [6], from which upper-body and
full-body skeletal representations were constructed. Participants
were assigned to either an upper-body or full-body condition and
asked to infer five personal attributes of the motion subjects (gen-
der, age, height, weight, and ethnicity) and report their confidence.
We hypothesized that these five attributes could be inferred from
skeletal motion, and that accuracy and confidence would increase
when viewing full-body motion than upper-body motion alone. Our
results show that gender and height were inferred reliably in both
viewing conditions, while age and weight were inferred above ran-
dom chance only in the full-body condition. However, comparisons
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Figure 1: Example of upper-body (A) and full-body (B) rendering.

between conditions did not provide statistically reliable evidence
that full-body motion improves inference accuracy or confidence
relative to upper-body motion for any of the five attributes. Through
an exploratory analysis, we found that participants relied on stereo-
types when inferring, associated gender with body-size inferences,
and were influenced by their own demographics. This work con-
tributes a controlled comparison of upper-body and full-body mo-
tion for attribute inference, and empirical evidence that increased
tracking scope does not necessarily increase human inference per-
formance. All supplemental materials are available at OSF.

2 METHODS

2.1 Stimulus Design

This study investigated whether full-body motion improves human
perceptual inference of personal attributes compared to upper-body
motion alone. First, to avoid confounding factors, we sought a stim-
ulus set representing a diverse yet balanced distribution of personal
attributes with minimized inter-attribute correlations. To this end,
we selected a subset from Nymeria [6] optimized to meet these cri-
teria. Second, to quantitatively evaluate the effect of tracking scope
on perceptual inference, we employed a between-subjects design in
which participants viewed either full-body or upper-body motion
videos drawn from the same set of motion subjects.

Nymeria is a large full-body motion tracking dataset comprising
1,200 sequences from 264 subjects, with associated personal at-
tributes. From this dataset, we excluded sequences containing mul-
tiple subjects and discretized continuous attributes into categorical
bins to support balanced stimulus sampling: height into 10 cm in-
tervals and weight into 10 kg intervals, chosen to reflect the coarse-
ness of human perceptual granularity. Age was retained in its orig-
inal bins, and ethnicity labels were mapped to standardized U.S.
Census categories [11], as shown in Appendix A.1.

Additionally, the original dataset exhibited natural inter-attribute
correlations that reflect real-world distributions but risk introduc-
ing perceptual confounds, where participants might infer one at-
tribute from cues belonging to another (e.g., inferring gender from
perceived height). To reduce such statistical dependencies and at-
tribute imbalance, we applied a decoupling procedure that jointly
minimized inter-attribute correlation and bin imbalance across at-
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tribute categories, formalized as:

Score = ∑
(ai,a j)∈A ×A

i< j

|ρ(ai,a j)|+λ · Imbalance, (1)

where ρ(ai,a j) denotes Pearson’s correlation coefficient be-
tween attributes ai and a j, and λ = 1 weights the relative con-
tribution of the imbalance penalty. The attribute set is defined
as A = {Gender,Height,Weight,Age,Ethnicity}. The imbalance
term is the average standard deviation of subject counts across bins:

Imbalance =
1

|A | ∑
a∈A

σ
(
{na,b}b∈Ba

)
, (2)

where Ba is the set of bins for attribute a, and na,b is the number
of selected motion subjects falling into bin b.

We ran a stochastic hill-climbing algorithm for 10,000 itera-
tions. At each iteration, a randomly selected subject within the
sample was swapped with an excluded subject; the swap was ac-
cepted only if it decreased the score and preserved full bin cov-
erage. This yielded a final subset of 18 motion subjects with re-
duced inter-attribute correlations and improved balance across at-
tribute bins. Attribute distributions and correlation matrices before
and after stimulus construction are provided in Appendix A.2.

To examine the effect of tracking scope on human perceptual in-
ference, we selected walking as the target stimulus motion. Walking
involves coordinated full-body dynamics that are informative across
both upper- and lower-body segments. Prior work found walking to
yield the highest model-based identification accuracy [1], making
it a valid starting point for examining human perceptual inference.
For each of the 18 selected individuals, we extracted a 15-second
clip from continuous walking segments. We manually selected clips
to ensure walking was the dominant action while preserving natural
auxiliary movements (e.g., arm swings, head turns).

We rendered motion sequences as skeletal animation videos, fol-
lowing prior work employing video-based motion stimuli for per-
ceptual inference tasks [2, 3]. We loaded Nymeria’s full-body
Xsens motion capture data (provided as .glb) via GLTFLoader in
Three.js, and represented them as skeletal animations rather than
avatar-based renderings to prevent body-shape cues from influenc-
ing attribute inference, especially weight inference. To ensure that
inferred height judgments were based on motion rather than visual
body size, we uniformly scaled each model to the same height be-
fore rendering. We centered and grounded each model on a fixed
horizontal plane, and rendered it with a perspective camera (FOV
= 75°) that followed the subject at a fixed viewing distance of 3.2
m, with smoothed interpolation to maintain stable framing across
sequences. We recorded videos at 1110 × 1372 resolution and
exported them at 30 frames per second using the MediaRecorder
API. Within each session, we randomized the presentation order of
videos to minimize potential order effects.

The experiment consisted of two viewing conditions. In the full-
body condition, we rendered the complete skeletal structure. In
the upper-body condition, the pelvis, lower spine, legs, and feet
were hidden (see Figure 1). This separation was informed by pilot
testing, which revealed that retaining the pelvis and lower spine
preserved discernible lower-body motion signals. Excluding these
segments ensured a clean separation between conditions. A full list
of included and excluded bones is provided in Appendix B.

2.2 Participants and Procedure
We recruited 120 participants (60 per condition) from the US via
Prolific, applying a minimum 95% approval rating and an age range
of 18–65 as eligibility criteria (M=36.72, SD=11.17). The partic-
ipants represented diverse ethnic backgrounds; demographic char-
acteristics are reported in Appendix C.1. Three participants each

Figure 2: Interface. Left: 15-second skeletal movement clip with play-
back controls. Right: Questionnaire enabled after video is watched.

provided one incomplete response (17 of 18 trials answered): one
in the full-body condition and two in the upper-body condition .
All remaining responses from these participants were retained, and
analyses were conducted on all available data. Participants were
compensated $2.67 for their participation. The study took an aver-
age of 21.3 minutes to complete (SD=10.4 min).

Prior to the experiment, participants provided informed consent
and completed a demographic questionnaire covering age, gender,
race/ethnicity, and familiarity with motion capture, virtual reality,
augmented reality, and animation systems (see Appendix C.2 for
full details). Participants then completed a tutorial trial identical in
structure to the formal trials but drawn from outside the experimen-
tal stimulus set, (see Fig 2) and response format. Participants could
not begin the formal study until they completed the tutorial.

The formal study consisted of 18 trials, each corresponding to
one motion sequence. Participants were required to view the full
15-second clip before response options became available. For each
trial, participants inferred five attributes (gender, age group, height,
weight, and race/ethnicity) and rated their confidence on a 5-point
Likert scale ranging from 1 (Not confident at all) to 5 (Extremely
confident) (see Appendix C.3 for full response format). Participants
could replay and scrub through the video during the response phase.
No feedback was provided during the experiment.

3 RESULTS

Comparison to Random Chance: Before evaluating whether full-
body motion conferred an advantage over upper-body motion, we
first assessed whether skeletal motion supported above-chance in-
ference of each attribute, aiming to confirm that both full-body
and upper-body motions contain human-perceivable cues. Follow-
ing the approach of prior work [3], we evaluated participant per-
formance against a random-guess baseline, generated for each of
the five attributes using the demographic distribution of the full
Nymeria dataset. We then used Chi-square tests to compare par-
ticipants’ inference accuracy in each condition against their cor-
responding baselines. For each attribute and condition, we report
observed accuracy, BH-FDR-corrected p-values across the ten at-
tribute × condition tests, and Cohen’s w as the effect size measure.

Our results suggest that people could reliably infer gender and
height in both conditions, but age and weight in the full-body con-
dition only. However, these advantages over random guessing were
small, and we did not find evidence that ethnicity could be reli-
ably perceived in either condition. Gender and height were inferred
significantly better than random in both conditions. Gender accu-
racy was .56 in the upper-body condition and .59 in the full-body



condition, compared to a baseline accuracy of .50 (upper-body:
χ2(1,N = 1078) = 16.8, p < .001, w = 0.12; full-body: χ2(1,N =
1079) = 38.6, p < .001, w = 0.19). Height accuracy was .28 in the
upper-body condition and .27 in the full-body condition, compared
to a baseline accuracy of .22 (upper-body: χ2(1,N = 1078) = 22.6,
p < .001, w = 0.14; full-body: χ2(1,N = 1079) = 15.7, p < .001,
w = 0.12). Age and weight, were inferred significantly better than
random in the full-body condition only: age accuracy was .20 com-
pared to a baseline of .17 (χ2(1,N = 1079) = 8.41, p = .004,
w = 0.09), and weight accuracy was .20 compared to a baseline
of .18 (χ2(1,N = 1079) = 3.60, p = .048, w = 0.06).

Full-body vs. Upper-body Comparison: We next examined
whether full-body motion improved inference accuracy or confi-
dence compared to upper-body motion. For each attribute, we
fit a binomial generalized linear mixed model (GLMM) predict-
ing the binary inference accuracy and a linear mixed-effects model
(LMM) predicting the continuous confidence rating. Each model
included condition as the fixed effect and crossed random intercepts
for participant and video stimulus ((1 | participant)+ (1 | video)).
Three accuracy models (age, weight, ethnicity) produced boundary-
singular fits (participant-level variance ≈ 0); refitting without the
participant intercept left all significance conclusions unchanged.
We tested the condition effect in each model and Bonferroni-
adjusted the five resulting p-values across the five attributes (k = 5).

We failed to find evidence that full-body motion improved par-
ticipants’ inference accuracy or confidence relative to upper-body
motion for any of the five attributes. For accuracy, the models did
not provide statistically significant evidence of a condition effect
for gender (β = 0.16, SE = 0.10, χ2(1) = 2.41, p = .604), height
(β = −0.05, SE = 0.10, χ2(1) = 0.26, p = 1.00), age (β = 0.26,
SE = 0.11, χ2(1) = 5.15, p = .116), weight (β = 0.14, SE =
0.11, χ2(1) = 1.48, p = 1.00), or ethnicity (β = 0.12, SE = 0.10,
χ2(1) = 1.42, p = 1.00). For confidence, the models likewise did
not provide statistically reliable evidence of a condition effect for
gender (β = 0.02, SE = 0.16, t(118) = 0.11, p = 1.00), height
(β = −0.01, SE = 0.15, t(118) = −0.07, p = 1.00), age (β =
−0.07, SE = 0.16, t(118) =−0.45, p = 1.00), weight (β =−0.06,
SE = 0.16, t(118) = −0.41, p = 1.00), or ethnicity (β = −0.33,
SE = 0.18, t(118) =−1.81, p = .367).

Exploratory Findings: Beyond the primary analyses reported
above, we conducted exploratory analyses to understand response
patterns and stimulus-level variability.

Response patterns and tendencies. Across both conditions, par-
ticipants exhibited perceptual skews, favoring younger, taller, and
heavier profiles alongside bias toward male and white attributes.
For age, height, and weight, we measured signed bin distance—the
difference between the selected and true bin, where positive val-
ues indicate overestimation. Results show that participants tended
to infer younger ages (upper-body −0.60, full-body −0.59), taller
heights (upper-body +0.26, full-body +0.35) and heavier weights
(upper-body +0.10, full-body +0.18). For categorical attributes,
response distributions deviated from the true stimulus distribution
in both viewing conditions. Although the stimulus set was gender-
balanced (50% male, 50% female), responses skewed toward male
in both the upper-body (+12.7pp) and full-body (+13.0pp) con-
ditions. Also, ethnicity responses showed a larger skew in both
conditions, with white substantially over-selected (upper-body:
+19.9pp; full-body: +20.7pp) and Asian substantially under-
selected (upper-body: −17.8pp; full-body: −17.0pp). Confusion
matrices are provided in Appendix D.

We also examined whether participants’ gender inference were
associated with body-size inference, finding that participants’
choices of height and weight were heavily dependent on inferred
gender. Among the motion subjects, male and female motion sub-
jects differed modestly in height (169.9cm vs. 165.7cm) and weight
(69.1kg vs. 69.0kg). However, participant responses revealed a

much larger gap: subjects inferred as male were perceived to be
10.8 cm taller (175.9 cm vs. 165.2 cm) and 11.2 kg heavier (75.0 kg
vs. 63.8 kg) than those inferred as female. LMMs showed that in-
ferred gender was more strongly associated with inferred weight in
the full-body condition than in the upper-body condition (12.15kg
vs. 8.99kg; β = −3.16, SE = 0.84, p < .001). Inferred height
showed a similar but marginally significant pattern (10.82cm vs.
9.43cm; β = 1.39, SE = 0.81, p = .085).

Finally, we examined whether participants’ own demographic
group shaped their responses in two ways: whether participants
showed a tendency to infer their own demographic group, and
whether accuracy or confidence was higher when the video’s true
demographic group matched the participant’s own. We tested re-
sponse tendencies using GLMMs comparing observed match rates
against chance, and tested accuracy and confidence matching ef-
fects using the same GLMM/LMM framework as above, with own-
group match and condition (and their interaction) as fixed effects,
separately for gender, age, and ethnicity. We report results that
reached statistical significance. For gender, confidence was sig-
nificantly higher when the video’s true gender matched the partic-
ipant’s gender in the upper-body condition (β = 0.11, SE = 0.05,
p = .028). For age, accuracy was significantly higher when the
video’s true age matched the participant’s age in the full-body con-
dition (β = 0.61, SE = 0.20, p = .002). For ethnicity, partici-
pants were significantly more likely to infer their own ethnicity than
chance in the upper-body condition (40.0% vs. 32.3%, p = .014),
though not in the full-body condition. Accuracy was significantly
higher when the video’s true ethnicity matched the participant’s
own ethnicity in the upper-body condition (β = 0.78, SE = 0.16,
p < .001), and this match effect interacted significantly with condi-
tion (β =−0.61, SE = 0.22, p = .005), such that the own-ethnicity
accuracy advantage was smaller in the full-body condition.

Stimulus outliers. Accuracy varied substantially across the 18
video stimuli within each attribute, ranging from 18.3% to 84.9%
for gender, 2.5% to 33.6% for age, 4.2% to 43.7% for height, 2.5%
to 34.2% for weight, and 7.5% to 50.8% for ethnicity. Two videos
ran counter to the overall response patterns described previously.
Although responses skewed toward male overall (62.9%), one video
with a true female motion subject elicited 71.7% female responses,
and was also the video with the largest full-body accuracy advan-
tage for gender (60.0% upper-body vs. 83.0% full-body). Although
responses generally skewed toward younger age bins, one video
with a true young motion subject (18–24) elicited an unusually high
rate of older responses (41–45 or 46–50: 21.7% vs. 15.1% overall),
and was among the harder videos for age (20.0% accuracy). Videos
are available for viewing in supplementary materials.

4 DISCUSSION

Taken together, our results suggest that motion contains limited
yet perceivable cues for inferring certain personal attributes, but
that increasing tracking scope from upper-body to full-body mo-
tion does not produce a reliable perceptual advantage for either
inference accuracy or confidence. This finding aligns with prior
biological-motion work showing that observers can infer gender
from motion cues [4] and extends this line of work by examining a
broader set of personal attributes. However, our results differ from
prior work on VR avatar motion representations: whereas full-body
motion-captured representations improved emotion perception in
prior work [2], we did not observe a comparable full-body advan-
tage for inferring personal attributes.

A closer look at individual attributes reveals distinct patterns.
People inferred gender and height above the random-guess baseline
in both conditions, while full-body movement provided no mea-
surable benefit to either accuracy or confidence, suggesting that
upper-body motion alone may carry sufficient cues for gender and
height inference. These results are particularly notable because our



design forced participants to rely solely on motion dynamics by
isolating skeletal movement and scaling all models at a uniform
height. These findings suggest that changing a user’s physical ap-
pearance may be insufficient to prevent the leakage of gender and
height attributes. Consequently, effective privacy preservation can-
not rely on anonymizing visual appearance alone. Future work
should therefore prioritize motion anonymization while actively ed-
ucating users about these overlooked privacy risks.

For age and weight, people performed above the random-guess
baseline only in the full-body condition, suggesting that lower-body
motion or full-body coordination may provide additional usable
cues for these attributes. However, the full-body and upper-body
comparisons did not show reliable full-body improvements, sug-
gesting that these additional cues may have been weak or stimulus-
dependent. This lack of a reliable perceptual advantage for full-
body tracking suggests that for observers, the exposure of age and
weight might stabilize at the upper-body stage, indicating that omit-
ting the lower body does not significantly mitigate privacy risks.

Consistent with prior work [3], we did not find reliable evi-
dence that ethnicity was inferable in either condition. Full-body
motion also did not improve ethnicity inference, possibly because
ethnicity-related motion cues are less directly tied to kinematics.
However, this null result does not guarantee safety across other be-
havioral channels (e.g., voice), and should be interpreted with cau-
tion due to several limitations in our study design. First, our stimuli
were restricted to walking, leaving it unclear how these inferences
generalize to other motion. Second, our participant pool and video
length were limited. We expect longer clips would better simulate
real-world scenarios, where continuous exposure gives observers
more time to infer attributes. Furthermore, participants viewed
stimuli on desktop displays rather than through a VR headset, leav-
ing how spatial presence and different animation approaches impact
the perception of motion cues to future work.

Response Tendencies and Individual Variability: One expla-
nation for the observed perceptual skews toward younger, taller, and
heavier profiles, as well as a bias toward male and white attributes,
is that when motion cues are weak or ambiguous, observers retreat
to socially salient default categories rather than grounding their
inference in individual motion differences. The gender-body-size
association further illustrates this phenomenon, where inferences
were driven by stereotypical heuristics. This gap, expanded in the
full-body condition, suggests richer tracking data can counterintu-
itively yield more subjective, biased human inferences, where full-
body motion amplified these stereotypes, leading participants to ex-
aggerate physical differences based on their gender inferences.

Own-group analyses revealed three distinct mechanisms inter-
acting with available information . For ethnicity, own-group match-
ing produced an accuracy advantage that was strongest when vi-
sual information was limited (upper-body) and diminished with
full-body information, suggesting that own-group recognition func-
tions as a compensatory heuristic that observers rely on when di-
agnostic cues are scarce. For age, however, own-group matching
produced an accuracy advantage only in the full-body condition,
suggesting a genuine perceptual sensitivity that required richer mo-
tion cues. Gender showed neither pattern: own-group matching in-
creased confidence without improving accuracy in either condition,
indicating overconfidence rather than a perceptual advantage.

Finally, accuracy varied widely across individual stimuli, with
some videos eliciting near-ceiling accuracy and others near-floor
for the same attribute. This indicates that privacy risk for each user
may deviate considerably, with some individuals possessing highly
identifiable motion signatures, making them more vulnerable.

5 CONCLUSION

This study examined whether full-body skeletal motion increases
human inference of personal attributes compared to upper-body

motion alone. We found that people inferred gender and height
from motion above a random-guess baseline, but that full-body
motion did not significantly improve accuracy or confidence over
upper-body motion. These findings suggest that upper-body mo-
tion alone can expose perceptible personal cues, and that adding
lower-body motion does not necessarily increase human inference.
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