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THE LINEAR MIXED EFFECT (LME) MODEL
We were interested in the treatment e�ects of the virtual character’s body type and voice pitch as well as the e�ect of the participant’s
biological sex on the whole population and not on a speci�c participant. Thus, the participants were treated as if they were randomly selected
from a larger collection of a population whose characteristics we would like to estimate, and the participant e�ect is random. A random
e�ects approach to modeling e�ect was more ambitious in the sense that it attempted to infer something about the wider population beyond
the particular sample. Blocking factors can often be viewed as random e�ects because these often arise as a random sample of those blocks
potentially available. Thus, for our LME model we considered the following formulation:

~8 9:; = ` + 68 + 1 9 + E: + (61)8 9 + (6E)8: + (1E)8: + B; + n8 9:; (1)

where
B; ⇠ N(0,f2B ), (2)

n8 9:; ⇠ N(0,f2B ), and (3)
~8 9:; ⇠ N(` + 68 + 1 9 + E: + (61)8 9 + (6E)8: + (1E) 9: ,f2 + f2) (4)

where ~, 6, 1, and E denote our dependent variable (perceived audio-visual correspondence and believability), participant’s sex, virtual
character’s body type, and virtual character’s voice pitch, respectively.

MESH DIMENSIONS

Table 1: Relative mesh dimensions (cm) rounded to the nearest whole number with the �xed di�erence between each level.
Values were approximated from the mean values of subjects in published literature [56, 65].

Somatotype Neck Girth Face Width Jaw Length Chest Girth Waist Girth Hip Girth
Male Female Male Female Male Female Male Female Male Female Male Female

Ectomorph Short Narrow Long Short Short Short
38 31 19 16 14 12 95 85 73 65 90 90

Mesomorph Medium Medium Medium Medium Medium Medium
42 35 20 17 13 11 98 89 83 75 100 100

Endomorph Long Wide Short Long Long Long
46 39 21 18 12 10 101 93 93 85 110 110

PITCH LEVELS

Table 2: Audio �les were adjusted to three discrete pitch levels.

Levels F0 (Hz)
Male Female

High 180.00 255.00
Medium 132.50 210.00
Medium 85.00 165.00
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DESCRIPTIVE STATISTICS

Table 3: Mean (") and Standard Deviation ((⇡) of the perceived audio-visual correspondence ratings by treatment levels of
body type and voice pitch for female virtual characters.

Body Type
Ectomorph Mesomorph Endomorph

Voice Pitch
Low Medium High Low Medium High Low Medium High

Participants " (⇡ " (⇡ " (⇡ " (⇡ " (⇡ " (⇡ " (⇡ " (⇡ " SD
Male 3.66 .77 3.97 .58 3.57 .89 3.61 .78 3.53 .76 3.21 .86 3.61 .74 3.31 .84 3.11 .85
Female 3.73 .97 3.78 .74 3.48 1.10 3.90 .81 3.68 .77 2.82 .99 3.75 .68 3.61 .67 2.77 .80
Overall 3.68 .84 3.90 .64 3.54 .96 3.71 .80 3.58 .76 3.07 .92 3.66 .72 3.41 .79 2.99 .84

Table 4: Mean (") and Standard Deviation ((⇡) of the perceived audio-visual correspondence ratings by treatment levels of
body type and voice pitch for male virtual characters.

Body Type
Ectomorph Mesomorph Endomorph

Voice Pitch
Low Medium High Low Medium High Low Medium High

Participants " (⇡ " (⇡ " (⇡ " (⇡ " (⇡ " (⇡ " (⇡ " (⇡ " SD
Male 3.26 1.02 3.69 .89 3.61 .91 3.60 .84 3.83 .75 3.25 .81 3.43 .92 3.62 .86 3.31 1.09
Female 3.31 1.06 4.00 .79 3.45 .87 3.74 .95 4.02 .71 3.04 1.08 3.77 .97 3.52 .78 3.41 1.12
Overall 3.28 1.03 3.80 .86 3.56 .90 3.65 .87 3.90 .73 3.18 .91 3.54 .94 3.58 .83 3.34 1.09

Table 5: Mean (") and Standard Deviation ((⇡) of the perceived believability ratings by treatment levels of body type and voice
pitch for female virtual characters.

Body Type
Ectomorph Mesomorph Endomorph

Voice Pitch
Low Medium High Low Medium High Low Medium High

Participants " (⇡ " (⇡ " (⇡ " (⇡ " (⇡ " (⇡ " (⇡ " (⇡ " SD
Male 3.66 .80 3.96 .61 3.46 .98 3.60 .78 3.52 .88 3.04 .97 3.70 .86 3.22 .89 3.01 .95
Female 3.48 .98 3.71 .74 3.20 1.16 3.68 .91 3.60 .88 2.56 1.04 3.68 .78 3.41 .90 2.47 .78
Overall 3.60 .86 3.88 .67 3.37 1.05 3.63 .82 3.55 .87 2.88 1.02 3.69 .83 3.29 .89 2.82 .92
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Table 6: Mean (") and Standard Deviation ((⇡) of the perceived believability ratings by treatment levels of body type and voice
pitch for male virtual characters.

Body Type
Ectomorph Mesomorph Endomorph

Voice Pitch
Low Medium High Low Medium High Low Medium High

Participants " (⇡ " (⇡ " (⇡ " (⇡ " (⇡ " (⇡ " (⇡ " (⇡ " SD
Male 3.11 1.16 3.68 .89 3.50 .89 3.50 1.02 3.83 .80 3.17 .92 3.35 .97 3.65 .98 3.21 1.14
Female 3.11 1.05 3.81 .90 3.33 1.08 3.64 1.11 3.97 .78 2.84 1.21 3.65 .97 3.43 .93 3.19 1.21
Overall 3.11 1.12 3.73 .89 3.44 .96 3.55 1.04 3.88 .79 3.06 1.03 3.45 .97 3.57 .96 3.20 1.15

PLOTS OF OUR RESULTS
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Figure 1: Interaction plot of the female virtual character’s body type and participant’s biological sex on the mean perceived
audio-visual correspondence of the virtual character.
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Figure 2: Interaction plot of the female virtual virtual character’s body type and participant’s biological sex on the mean
perceived believability of the virtual virtual character.
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Figure 3: Interaction plot of the female virtual character’s body type and voice pitch on the mean perceived audio-visual
correspondence of the virtual character.
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Figure 4: Interaction plot of the female virtual character’s body type and voice pitch on the mean perceived believability of the
virtual character.
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Figure 5: Interaction plot of the female virtual character’s voice pitch and the participant’s biological sex on the mean perceived
audio-visual correspondence of the virtual character.



Body Type and Voice Pitch on Perceived Correspondence and Believability SAP ’23, August 5–6, 2023, Los Angeles, CA, USA

2.75

3.00

3.25

3.50

High Low Medium
Character's Voice Pitch

M
ea

n 
Pe

rc
ei

ve
d 

Be
lie

va
bi

lit
y

Participant's Sex Female Male

Figure 6: Interaction plot of the female virtual character’s voice pitch and the participant’s biological sex on the mean perceived
believability of the virtual character.
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Figure 7: Interaction plot of the male virtual character’s body type and participant’s biological sex on the mean perceived
audio-visual correspondence of the virtual character.
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Figure 8: Interaction plot of the male virtual character’s body type and participant’s biological sex on the mean perceived
believability of the virtual character.
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Figure 9: Interaction plot of the male virtual character’s voice pitch and the participant’s biological sex on the mean perceived
audio-visual correspondence of the virtual character.
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Figure 10: Interaction plot of the male virtual character’s voice pitch and the participant’s biological sex on the mean perceived
believability of the virtual character.
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Figure 11: Interaction plot of the male virtual character’s body type and voice pitch on the mean perceived audio-visual
correspondence of the virtual character.
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Figure 12: Interaction plot of the male virtual character’s body type and voice pitch on the mean perceived believability of the
virtual character.
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