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ABSTRACT:
8 Synthetic voices can now achieve remarkable acoustic accuracy, yet often fail to sound “natural,” especially when
9 designed to reproduce one’s own voice. Existing frameworks define naturalness along two dimensions: deviation

10 from acoustic norms and human-likeness. Yet these dimensions overlook the self-voice, which can feel natural or
11 unnatural for reasons beyond the signal itself. Here, self-relevance is proposed as a complementary dimension, cap-
12 turing the subjective alignment between a voice and the listener’s self-representation. Evidence shows that
13 self-relevance modulates perceived naturalness independently of acoustic match. A full understanding of voice natu-
14 ralness, therefore, requires integrating physical speech properties with the listener’s self-representational framework.
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15 What makes a voice sound natural? For decades, acous-
16 tics has provided the primary explanation: naturalness is tied
17 to how closely a signal conforms to expected patterns in the
18 speech spectrum. Today, synthetic voices can achieve a
19 near-perfect acoustic match to natural speech, yet still sound
20 subtly “off” to listeners, often judged less favorably
21 (Gessinger et al., 2023; Herrmann, 2023) and, in particular,
22 less socially appealing (Bruder et al., 2025) than human voi-
23 ces. This paradox reveals that naturalness cannot be reduced
24 to acoustics alone.
25 A recent framework (Nussbaum et al., 2025) defines natu-
26 ralness along two main acoustic-perceptual dimensions: devia-
27 tion-based naturalness captures how much a voice diverges
28 from typical acoustic patterns, whereas human-likeness-based
29 naturalness reflects the extent to which a voice sounds recog-
30 nizably human. In speech synthesis research, for example, nat-
31 uralness is typically evaluated through perceptual methods
32 such as the absolute category rating (ACR) and its outcome,
33 the mean opinion score (MOS), which reflects the perceived
34 closeness of synthetic to natural speech (Le Maguer et al.,
35 2024; Perrotin et al., 2025). However, while the two dimen-
36 sions explain why many artificial or degraded voices sound
37 strange or unnatural, they overlook the self-voice, which can
38 feel natural or unnatural for reasons extending beyond the sig-
39 nal itself. Here, I propose a complementary dimension of natu-
40 ralness: self-relevance.
41 Whereas the self-voice refers to the acoustic stimulus
42 associated with one’s own vocal identity, self-relevance
43 captures the subjective alignment between that voice and
44 the listener’s internal model of the self (Crow et al., 2021).
45 It is shaped by sensorimotor contingencies (Khalilian-
46 Gourtani et al., 2024), memory-based self-representations
47 (Iannotti et al., 2022), and multisensory integration

48(Orepic et al., 2023). Crucially, it is not reducible to self-
49recognition, i.e., the perceptual identification of a voice as

50one’s own (Candini et al., 2014), or self-attribution, i.e.,
51the inference that one is the source of the voice (Ohata
52et al., 2022). Rather, it concerns whether a voice feels nat-
53ural for me, even when acoustically atypical or externally
54generated. For instance, a hoarse version of one’s own
55voice during illness may sound more natural than a flaw-
56less synthetic clone.
57Evidence supports treating self-relevance as separate
58from acoustic accuracy. Voices that deviate from typical
59acoustic features or patterns can still be judged as “natural”
60or “self-like” when they align with memory-based self-rep-
61resentations or multisensory predictions (Tajadura-Jim�enez
62et al., 2017), sometimes even altering self-perception
63(Tajadura-Jim�enez et al., 2017), mood (Aucouturier et al.,
642016), or social attitudes (Arakawa et al., 2021).
65Conversely, acoustically unaltered voice feedback can feel
66“alien” or externally generated if it violates sensorimotor
67contingencies (Franken et al., 2018) or lacks expected
68bone-conducted vibrotactile cues (Orepic et al., 2023).
69Recent work (Rosi et al., 2025b) further illustrates this
70complexity: participants sometimes rated cloned voices of
71others more favourably than their own, despite equivalent

72acoustic deviation. Such findings underscore that acoustics
73is necessary but not sufficient for judging a voice as natu-
74rally “mine.”
75Neural evidence further supports the role of self-
76relevance. Like deviation and human-likeness, it modulates
77early auditory processing within �200ms after voice onset,
78consistent with rapid sensory gain for self-relevant input
79(Pinheiro et al., 2016; Pinheiro et al., 2023). These effects
80suggest that the brain treats the self-voice as a special cate-
81gory beyond simple acoustic analysis (e.g., Conde et al.,
822016, 2018). Its influence extends to later processing stages,a)Email: appinheiro@psicologia.ulisboa.pt
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83 when voice input is evaluated against memory-based self-
84 representations (Iannotti et al., 2022; Pinheiro et al., 2023).
85 Therefore, self-relevance bridges (early) low-level auditory
86 and (later) higher-level cognitive analyses of voice informa-
87 tion. It may act as a contextual modulation of voice natural-
88 ness, explaining why some voice distortions feel authentic
89 or why even acoustically matched voice clones can fail to
90 sound “natural.”
91 Recognizing the limits of traditional evaluation criteria
92 (e.g., MOS; Le Maguer et al., 2024), recent developments in
93 speech synthesis have reconceptualized naturalness as
94 appropriateness—the idea that synthetic speech should be
95 judged within its communicative context rather than in iso-
96 lation (Pandey et al., 2025). This perspective aligns with
97 evidence showing that hearing is dynamically shaped by
98 perceptual, cognitive, social, and emotional context
99 (Kreiman, 2024). Within this framework, self-voice evalua-

100 tion represents a specific form of contextual appropriateness,
101 particularly relevant when synthesized voices aim to express
102 or preserve the user’s own vocal identity. Such cases include
103 personalized text-to-speech systems, clinical voice restora-
104 tion (e.g., for individuals with amyotrophic lateral sclerosis
105 or after laryngectomy), and personalized human-AI interfa-
106 ces (e.g., McGettigan et al., 2024; Rosi et al., 2025a).
107 Conversely, in contexts such as virtual assistants or public
108 service announcements—where the listener is not the voi-
109 ce’s owner—self-relevance becomes secondary to task-
110 related or social appropriateness.
111 Understanding when and how self-relevance contributes
112 to perceived naturalness has direct implications for both
113 clinical and technological domains. Altered self-voice feed-
114 back has been linked to auditory verbal hallucinations
115 (Pinheiro et al., 2020), where acoustically realistic voices
116 are experienced as alien, not because they sound unnatural,
117 but because they lack the perceptual and neural signatures
118 of self-generation (e.g., Pinheiro et al., 2020). In technologi-
119 cal contexts, while users often express positive attitudes
120 toward digital voice transformations (Guerouaou et al.,
121 2024), these technologies can have unintended psychologi-
122 cal consequences, revealing the limits of acoustics as a pre-
123 dictor of perceived naturalness. For example, voice cloning
124 may destabilize a speaker’s own sense of vocal identity,
125 consistent with evidence linking how we sound to who we
126 believe ourselves to be (Stern et al., 2021).
127 To conclude, acoustics is essential but not sufficient for
128 understanding voice naturalness. Voice perception—includ-
129 ing that of synthetic voices—depends not only on the physi-
130 cal signal but also on cognitive and contextual factors that
131 shape its interpretation (Kreiman, 2024). Naturalness,
132 though still a loosely defined, multifaceted perceptual con-
133 struct (Pandey et al., 2025), must therefore be understood as
134 emerging from the interaction between the acoustic proper-
135 ties of speech and the listener’s representational framework.
136 Introducing self-relevance as a third dimension highlights
137 the perceptual uniqueness of the self-voice and opens a

138 novel research agenda at the intersection of acoustics, self-
139 representation, and artificial intelligence—one that can

140inform both scientific understanding and responsible techno-

141logical design. For speech synthesis, this means expanding

142beyond signal fidelity and human-likeness toward perceptual

143congruence with the listener’s internal model of the self,

144while developing evaluation methods that explicitly capture

145this self-relevant dimension. In a world where the line

146between genuine and synthetic speech grows even thinner,

147accounting for self-relevance will be essential for under-

148standing and preserving what makes a voice truly natural.
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