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Figure 4: Questionnaire results in overall population 

perception and movement, we ran two additional Spearman's rank 
correlation analyses. We correlated lateral hip and shoulder sway 
data in relation to masculinity answers from the post-condition 
questionnaires. A signi�cant correlation was found between hips 
adduction angle and masculinity feelings (p=0.006, r=-0.133), as well 
as between thorax lateral �exion rotation angles and masculinity 
feelings (p=0.005, r=-0.134). As shown in �g 6, for higher values 
of masculine feelings, both hips and thorax angles values reduce, 
according to [27]. 

4.1.4 Physiological Responses. Electrodermal Activity No sig-
ni�cant overall e�ects were found for this measure. 

Electrocardiac Activity ANOVAs yielded a signi�cant e�ect 
across sound conditions for heart rate (F=9.45, p<0.001, [2 = 0.11)? 
during the walk in place phase of the trial. For the whole exper-
imental trial, participants have lower values of heart rate in HF 
compared to LF (p=0.043) and to C (p=0.025). Means (± SD) were for 
LF: 89.22 (± 13.40), for HF: 87.38 (± 15.67) and for C: 88.78 (± 14.15). 
The standard deviation of NN intervals (SDNN) showed signi�cant 
di�erences across conditions (F=5.08, p=0.007, [2 = 0.06). Partici-? 
pants had higher values of SDNN in HF compared to LF (p=0.043). 
Means (± SD) were for LF: 91.52 (± 167.87), for HF: 112.33 (± 195.17) 
and for C: 86.76 (± 149.68). Root mean square of successive RR in-
terval di�erence (RMSSD) also found signi�cant di�erences across 
conditions (F=4.12, p=0.018, [2 = 0.5). Participants have higher? 
values of RMSSD in HF compared to LF (p=0.022) and C (p=0.032). 
Means (± SD) were for LF: 94.87 (± 203.08), for HF: 158.17 (± 349.17) 
and for C: 100.85 (± 200.69). The e�ect size is notably large for 
RMSSD, while heart rate and SDNN exhibit medium e�ect sizes [28]. 

E�ects on Body Maps When comparing sound conditions, 
ANOVAs showed that participants felt more changes in the lower 
body for LF, while HF provoked more e�ects in the upper body 
(inner arms, shoulders). For detailed statistics of body maps areas 

see Supplementary Results. In Figure 5, we report the di�erences 
we found through this analysis. 

4.2 Individual Di�erences in the E�ects 
The overall e�ects exposed more particular interconnections when 
including individual di�erences in levels of EDEQ and IPAQ, as 
well as body concerns and sensory imagery, as explained below. 
We report results only for those measures for which we found 
signi�cant interaction e�ects between the investigated individual 
score and sound condition. 

4.2.1 Diferences According to Eating Disorder Symptomatology 
(EDEQ). Questionnaire Results Considering the between-subjects 
factor EDEQ group (i.e., high vs low EDEQ score), there was a sig-
ni�cant, yet small in e�ect size [28], interaction between sound con-
dition and EDEQ group for dominance (F=3.17, p=0.045, [2 = 0.03);? 
as shown in Figure 7, di�erences according to sound condition were 
more pronounced for the HIGH EDEQ, who felt more dominant 
with LF than with the other two conditions. Further, there was a 
signi�cant triple interaction between sound condition, repetition 
and EDEQ group for proprioception (F=4.26, p=0.015, [2 = 0.03)? 

and vividness (F=3.35, p=0.037, [2 = 0.04). Separate analyses for ? 
each repetition showed signi�cant e�ects of sound only for the 
�rst repetition for both vividness (F=3.56, p=0.031, [2 = 0.04) and ? 

proprioception (F=2.82, p=0.049, [2 = 0.03); yet the size of these ? 
e�ects is small [28]. As shown in Figure 7, we observe more pro-
nounced di�erences between sound conditions for the group with 
HIGH EDEQ, who felt larger loss in ability to localize their feet 
in the frequency-altered conditions vs C, as well as felt a more 
vivid experience of their body with LF than with the other two 
conditions, especially than in HF. 

Gait Biomechanics There was a signi�cant interaction between 
sound condition and EDEQ group for mean step velocity (F=5.68, 
p=0.004, [2 = 0.07) and for mean acceleration (F=7.86, p<0.001, ? 





CHI ’24, May 11–16, 2024, Honolulu, HI, USA D’Adamo et al. 

Condition

LF

C

HF

20

30

40

50

60

H
ip

 F
le

xi
on

 A
ng

le
 (

de
g)

MBSRQ
1.0 1.5 2.0 2.5 3.0

Gait

M
ea

n 
V

el
oc

ity
 (

ra
d/

s)
0

10

20

30

MBSRQ
1.0 1.5 2.0 2.5 3.0

Gait

2

4

6

S
tr

en
gt

h 
(W

ea
k�

�S
tr

on
g)

MBSRQ
1.0 1.5 2.0 2.5 3.0

Questionnaire

H
ea

rt
 R

at
e 

(b
pm

)

60

80

100

120

MBSRQ
1.0 1.5 2.0 2.5 3.0

Electrocardiac Activity

MBSRQ

2

4

6

S
ur

pr
is

e

1.0 1.5 2.0 2.5 3.0

Questionnaire

Figure 9: Results showing the main di�erential e�ects of sound due to di�erences in body concerns (MBSRQ score used as a 
covariate). 

high MBSRQ, while for low values of MBSRQ hip �exion values are 
higher for HF. 

Electrocardiac Activity There was a signi�cant interaction 
between sound condition and MBSRQ score for heart rate values 
(F=4.10, p=0.018, [2 = 0.06), with a medium e�ect size. For high ? 
values of MBSRQ, lower values of heart rate were found in HF, 
while with low levels of MBSRQ the heart rate is higher for HF, as 
shown in Fig. 9. 

4.2.4 Diferences According to Sensory Imagery Vividness. The in-
teraction of sensory imagery vividness with the e�ects of sound 
condition was evaluated, looking both at the general sensory im-
agery vividness as well as the scores for the di�erent sensory scales 
which we deemed relevant to our context (visual, auditory, cu-
taneous (or tactile) and kinaesthetic; see Supplementary Results 
related to other sensory scales). Imagery vividness scores were used 
as a covariate in the analyses. 

Questionnaire Results For the question on felt weight, we 
found an interaction between tactile imagery vividness score, repe-
tition and sound condition (F=3.37 p=0.037, [2 = 0.04), but the size ? 
of the e�ect was small. Separate analyses for each repetition on the 
perceived weight scores showed small, yet signi�cant, interaction 
e�ects only for the second repetition (F=1.33, p=0.049, [2 = 0.01).? 
As shown in Figure 10, we observe more pronounced di�erences 
in felt body weight due to sound condition for people with high 
tactile imagery scores, who felt the heaviest with LF; in those with 
low imagery scores we observe they felt the lightest with HF. 

Gait Biomechanics We found an interaction with sound condi-
tion for maximum step acceleration for the auditory imagery score 
(F=3.33, p=0.038, [2 = 0.04), with a small e�ect size. We found an ? 
overall decrease in acceleration for those participants with high 
values of auditory imagery, in particular for the HF and LF; for 
those with low auditory imagery score, acceleration was reduced 
for LF (see Supplementary Results). 

Lateral Hip and Shoulder Sway There was an interaction be-
tween vividness values and sound condition for hip extension angle 
(F=3.41, p=0.035, [2 = 0.05) with a small e�ect size. As shown in ? 
Fig. 10, higher values of tactile imagery produced more pronounced 
di�erences in hip sway, with higher values of hip �exion for LF 
compared to the HF. 

Electrodermal Activity There was a signi�cant interaction 
between sound condition and visual imagery for mean EDA values 
(F=3.40, p=0.036, [2 = 0.5), with a notably large e�ect size. Despite? 

lower mean EDA values for elevated visual imagery, both HF and LF 
provide higher values of EDA compared to C, as shown in Fig. 10. 

Electrocardiac Activity There was a signi�cant interaction 
between sound condition and tactile imagery for heart rate (F=4.46, 
p=0.013, [2 = 0.06), with a medium e�ect size, and for the number ? 
of successive RR intervals that di�er by more than 50ms (F=4.58, 
p=0.037 [2 = 0.50), with a notably large e�ect size. As shown in ? 
Fig. 10, acutely lower values of heart rate were found for participants 
with high tactile imagery for HF, compared to LF and C. 

5 DISCUSSION 
In this study we explored how SoniWeight Shoes alter body weight 
perceptions, to better understand what and how individual at-
tributes could be targeted for future technologies enhancing posi-
tive body perceptions. Our results con�rmed that altered footstep 
sounds in�uence participants' perceptions, behavior and move-
ments. Table 3 in Supplementary Material and Table 3 summarize 
the e�ects observed respectively in all the studies with this illusion 
and in this study, while here we discuss the most relevant results 
in relation to existing literature. It should be noted that some of 
the e�ects found are relatively small (see Results). In some cases, 
however, small e�ect sizes can be important while large ones unim-
portant [83], therefore some of these �ndings should be cautiously 
considered or ideally reproduced. 

We replicated previous �ndings for the LF and HF conditions. 
LF sounds contributed to sensations of increased body weight, a 
more masculine self-perception, and reduced foot acceleration. HF 
sounds contributed to sensations of reduced body weight, perceived 
weakness, a heightened sense of femininity, feelings of happiness, 
increased speed, and a straighter posture. Further, HF feedback re-
sulted in a higher gait speed compared to LF feedback, aligning with 
the increased feeling of speed observed in the HF condition. Such 
feedback also prompted greater activation of leg muscles and sig-
ni�cant changes in heart activity. Speci�cally, heart rate decreased 
and HRV increased in the HF compared to the other conditions. 
Reduced heart rate has been related to increased attention and re-
laxation [3, 39], while increased HRV has been linked to positive 
emotional states related to safeness and contentment [41]. Together, 
these seem to be physiological pointers of a positive emotional ef-
fect of the HF condition. These emotional markers are essential 
as they have been posited as critical aspects for technology to in-
�uence lifestyle changes such as PA [10, 60, 101]. The di�erential 
e�ects of the LF and HF conditions were con�rmed with positional 
speci�city through a novel method involving body maps. More 




