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Abstract 

 

When seeing a face or hearing a voice, perceivers readily form first impressions of a person’s 

characteristics – are they trustworthy, do they seem aggressive? One of the key claims about 

trait impressions from faces and voices alike is that these impressions are formed rapidly. For 

faces, studies have systematically mapped this rapid time course of trait impressions, finding 

that they are well-formed and stable after approximately 100ms of exposure. For voices, 

however, no systematic investigation of the time course of trait perception exists. In the current 

study, listeners provided trait judgements (attractiveness, dominance, trustworthiness) based 

on recordings of 100 voices that lasted either 50ms, 100ms, 200ms, 400ms, or 800ms. Based 

on measures of intra- and inter-rater agreement as well as correlations of mean ratings for 

different exposure conditions, we find that trait perception from voices is indeed rapid. Unlike 

faces, however, trait impressions from voices require longer exposure to develop and stabilise 

although they are still formed by 400ms. Furthermore, differences in the time course of trait 

perception from voices emerge across traits and voice gender: The formation of impressions 

of attractiveness and dominance required less exposure when based on male, rather than 

female, voices, whereas impressions of trustworthiness evolved over a more gradual time 

course for male and female voices alike. These findings not only provide the first estimate of 

the time course of voice trait impressions, but they also have implications for voice perception 

models where voices are regarded as “auditory faces”. 

 

Keywords: First impressions; time course; voice; trustworthiness; dominance; attractiveness; 

gating task 
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Introduction 

 

Human faces and voices are both rich sources of person information in our social world – they 

can, very efficiently, provide us with impressions of the people we interact with such as their 

age, gender, body size, health condition, emotional state, identity, and even their personality 

(Bruce & Young, 1986; Schweinberger et al., 2014). Thus, despite being signals from different 

modalities, with physical properties that cannot be readily compared to one another, many 

parallels have been drawn between face and voice processing over the last 20 years. These 

parallels range from the existence of face- and voice-selective areas in the brain (Kanwisher 

& Yovel, 2006; Leaver & Rauschecker, 2010) and impairments specific to face and voice 

identity recognition (Neuner & Schweinberger, 2000) to similarities in the functional demands 

of face and voice recognition such as the need to separate stable identity signals from the 

substantial natural variability present during each separate encounter with the same person 

(Jenkins et al., 2011; Lavan et al., 2019). In fact, the most influential model of voice processing 

is heavily based on earlier face perception models, suggesting almost entirely comparable 

processing stages, and describing the voice as an ‘auditory face’ (Belin et al., 2011). 

 

Another aspect of face and voice perception for which many parallels have been identified is 

trait perception. Trait perception describes the process where upon hearing a voice or seeing 

a face, perceivers readily form a wealth of impressions of what they believe someone might 

be like as a person: Are they likeable? Aggressive? Outgoing? These so-called trait 

impressions have been shown to affect our decisions and behaviours in relation to other 

people in a number of real-life situations, such as who we vote for in an election (Klofstad, 

2016; Mileva et al., 2020; Sussman et al., 2013; Tigue et al., 2012), which AirBnB host we 

choose (Ert et al., 2016), and how we sentence people as part of a court case (Chen, 

Halberstam, & Yu, 2016; Wilson & Rule, 2015). For voices, these consequences of forming a 

positive or negative evaluation of people have been linked to both low-level acoustic aspects 

of the sound of someone’s voice (e.g., F0; Klofstad et al., 2016; Tigue et al., 2012) as well as 
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aspects of (socio-)linguistic or phonetic cues, such as a person’s accent (Bayard et al., 2001, 

Purnell et al., 1999). Trait impressions based on faces and voices similarly share a 2- or 3-

dimensional structure with trustworthiness, dominance, and attractiveness as the main 

underlying dimensions (McAleer et al., 2014; Oosterhof & Todorov, 2008; Sutherland et al., 

2013). 

 

When investigating trait impressions from faces and voices alike, two features are usually 

highlighted in studies: Trait impressions 1) are shared across perceivers and 2) are formed 

rapidly. This shared nature is often quantified via measures of inter-rater agreement, such as 

Cronbach’s alpha. Agreement measures show that e.g., a voice that is perceived to be highly 

trustworthy by one perceiver is also likely to be perceived as overall trustworthy by other 

perceivers (Lavan et al., 2021; Lavan, Mileva et al., 2021; Mahrholz et al., 2019; McAleer et 

al., 2014; Mileva et al., 2020, see also Kramer et al., 2018 for faces). While this consistency 

of trait impressions across perceivers points to some shared basis of these impressions, this 

does not necessarily mean that perceivers are able to glean insights into the true 

characteristics of a person. Instead, trait impressions are thought to primarily be reflections of 

shared stereotypes inferred from the physical properties of faces and voices (Klofstad & 

Anderson, 2018; Todorov, 2017; see also Lavan, Mileva et al. 2021). 

 

The rapid formation of trait impressions is usually demonstrated via the presence of good inter-

rater agreement. In the absence of being able to assess the objective accuracy of trait 

impressions, researchers therefore take good inter-rater agreement as evidence that 

perceivers’ responses are not random but that they reflect meaningful percepts. Initial studies 

of trait perception in faces and voices observed high inter-rater agreement after relatively brief 

stimulus exposure (e.g., Todorov et al., 2005; McAleer et al., 2014). Consequently, studies of 

face perception then attempted to identify the minimum exposure to a face that is required to 

form a meaningful trait impression while also tracking how these impressions evolve over time.  
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Willis and Todorov (2006) presented participants with faces for 100ms, 500ms, and 1000ms. 

The authors then correlated the mean ratings from each of the different exposure durations 

with mean ratings from a task where participants provided trait ratings in a self-paced manner, 

such that there were no experimenter-driven time constraints. Correlations were significant for 

all three time-constrained conditions with no significant differences in correlation strength 

occurring. Similarly, the amount of variance in the time-unconstrained ratings that was 

explained by each of the time-constrained ratings was high (> 70%) but did not increase with 

additional exposure. Based on the correlations, the authors thus conclude that trait 

impressions from faces are already well-formed and stable after 100ms of exposure, since 

they resemble time-unconstrained trait impressions. Todorov et al. (2009) built on the findings 

of Willis and Todorov (2006) by including additional, shorter exposure durations (17ms, 33ms, 

50ms, 67ms) for impressions of trustworthiness. The authors report weak but significant 

correlations with the time-unconstrained trait ratings after 33ms (r = .22), with correlation 

strength increasing up to 100ms of exposure, after which correlations stabilised. No significant 

correlations were found for the shortest exposure duration of 17ms. This study therefore 

suggests that trait impressions of trustworthiness can be formed from as little as 33ms, 

although around 100ms of exposure to a face are required for trait impressions to stabilise. 

South Palomares and Young (2018) replicate and extend these findings to trustworthiness, 

attractiveness, and status impressions, reporting both significant inter-rater agreement and 

significant correlations with time-unconstrained ratings for trait impressions based on a 33ms 

exposure. Similar findings were also reported by Bar et al. (2006) for the perception of threat 

from faces, where significant correlations between ratings based on 39ms of exposure were 

significantly correlated with ratings provided after 1700ms, while no significant correlation 

emerged after 26ms of exposure. Bar et al. (2006) furthermore make the point that the time 

course of trait impressions is, however, likely to differ to some degree for different trait 

impressions, as 39ms of exposure was not sufficient to assess the intelligence of a person 

based on their face. 
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 To our knowledge, for voices, the shortest stimulus durations reported in the literature in the 

presence of good inter-rater agreement for trait impressions used recordings of a single word 

(“Hello” or “Hola”) that lasted 300ms to 400ms (Baus et al., 2019; Mahrholz et al., 2018; 

McAleer et al., 2014; see also Purnell et al., 1999 for accent perception from a single word). 

While these stimuli are certainly short, justifying the claim that trait impressions from voices 

are formed rapidly, the studies did not specifically aim to establish the time course of voice 

impression formation. As a result, it is still unclear how quickly trait impressions are formed 

and how they develop over the course of the initial hundreds of milliseconds of exposure to a 

voice. 

 

Based on the strict interpretation of the ‘auditory face’ metaphor and all already established 

similarities in face and voice trait impressions, one prediction could be that the time course of 

the development of face and voice trait impressions is very similar (i.e., stable voice 

impressions formed in approximately 100ms). However, recent work highlights important 

functional and neurological differences in face and voice perception (Schirmer, 2018; Young 

et al., 2020), while there are also numerous physical differences between faces and voices 

(e.g., the usually static nature of face stimuli vs. the inherently dynamic nature of voices). It 

therefore seems more likely that there might at least be some differences in how quickly trait 

impressions are established for faces vs voices. 

 

In the current study, we therefore set out to systematically track the time course over which 

trait impressions from voices can be established. Specifically, we aimed to identify 1) what the 

minimal exposure duration is for shared voice trait impressions to emerge and 2) trace when 

trait impressions reach a degree of stability. Following the studies of Willis and Todorov (2006) 

and Todorov et al. (2009), we implemented a gating experiment for voice impressions of 

attractiveness, dominance, and trustworthiness. These three types of trait impressions were 

chosen since they have been shown to form the primary axes of vocal trait perception spaces 

(e.g., McAleer et al., 2014). In the gating experiment, participants provided trait ratings for 100 
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voices (50 female, 50 male) based on recordings of the vowel /a/ that were presented across 

a range of exposure duration, or gates: 50ms, 100ms, 200ms, 400ms and 800ms. This type 

of stimuli was chosen because sustained vowels are quasi-periodic in nature, i.e., evolve 

minimally over time. Vowels also include no substantial meaningful linguistic content, such 

that trait impressions are primarily based on the sound of the voice (see Methods). Based on 

the findings from the face and voice perception literatures (Baus et a. 2019; Mahrholz et al., 

2018; McAleer et al., 2014), we predict that trait impressions for voices should be well-formed 

and relatively stable after 400ms of exposure. If trait perception from voices follows the time 

course of trait impressions from faces, we would furthermore expect that trait impressions are 

already well-established after 100ms of exposure (Willis & Todorov, 2006; Todorov et 

al.,2009). Following Bar et al. (2006), we would finally expect that different trait impressions 

might require different amounts of exposure to become well-formed and stable. 

 

Methods 

 

Participants 

All participants were recruited via the local participant pools at Queen Mary University of 

London and the University of Plymouth. The study was approved by the local ethics 

committees. Participants received course credits after completing the experiment. We 

recruited a total of 289 participants. From this full sample, 134 participants were excluded due 

to having missed more than 20% of vigilance trials (see Procedure). Additionally, 4 participants 

were excluded due to giving the same rating/response across all voices for over 90% of trials 

in one or more of the three trait rating scales completed in the task. 

 

We analysed the data from 151 participants (mean age = 21.2, SD = 6; 124 female, 1 non-

binary). Of these 151 participants, 28 participants provided trait ratings for voice samples 

presented for 50ms, 30 participants for voice samples of a duration of 100ms, 27 participants 

for voice samples of a duration of 200ms, 34 participants for voice samples of a duration of 
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400ms, and 32 participants for voice samples of a duration of 800ms. The number of 

participants in each timing condition fits within the suggested sample size needed in order to 

achieve a stable mean trait impression rating from faces (Hehman et al., 2018, 26 raters for 

trustworthiness, 29 raters for attractiveness and 31 raters for dominance) and is also 

consistent with previous voice impression studies (e.g., ratings from 32 participants in McAleer 

et al., 2014). 

 

Materials 

Recordings of 100 German talkers (50 female, 50 male) aged 20-22 years were selected from 

the Saarbrücker Stimmdatenbank (Pützer et al., n.d.). For each recording, speakers produced 

the German vowel /a/ in a sustained manner, lasting > 800ms. All recordings included the 

steady-state portion of the vowels, such that e.g., onsets and offsets had been trimmed in 

most of these raw recordings. 

 

From these 100 raw recordings, we then created the stimuli for the five duration conditions 

that were included in our experiment: Each of the raw stimuli were trimmed to a duration of 1) 

50ms, 2) 100ms, 3) 200ms, 4) 400ms, and 5) 800ms. The starting points for these stimuli were 

always the same across exposure durations, such that e.g., the first 50ms of the stimuli 

trimmed to 100ms were identical to the stimuli trimmed to 50ms and so on. 25ms of fade-in 

and fade-out were applied to the beginning and end of the trimmed recordings respectively to 

improve the perceptual experience of the sounds. 50ms was chosen as the shortest duration 

as very short recordings of vowels are not at all times recognisable as being voices (instead 

of just generic bursts of sound). The longest duration of 800ms was chosen as a reflection of 

the available materials and because McAleer et al. (2014) report high inter-rater agreement 

for stimuli with an average duration of ~390ms, suggesting that trait impressions have been 

reliably formed following that amount of exposure. We note that using 25ms fade-in and fade-

out for all stimuli means that there is no time at which stimuli trimmed to a duration of 50ms 

remain at full volume, while such a volume plateau exists for stimuli with a longer duration. 
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This lack of a volume plateau for stimuli trimmed to 50ms does, however, not seem to affect 

our findings: All measures associated with this shortest exposure condition behave in 

alignment with the trends observed for the longer exposure condition in almost all cases (see 

below). 

 

The specific type of stimuli, sustained vowels, were chosen because the acoustic and thus 

voice-related information included across the entire recording is as quasi-steady-state or 

stable as possible for naturally produced voice stimuli. As such, any excerpt of the recording 

should 1) be largely representative of the full recording and should 2) be largely comparable 

to any other excerpt from the same recording, which is a prerequisite for perceptual gating 

studies. In other words, in our stimuli, an excerpt from close to the start of the recording of the 

vowel /a/ should be as similar as is possible in naturally produced stimuli in its acoustics to an 

excerpt from close to the end of the recording of the sustained vowel /a/. If we had, for 

example, used stimuli with linguistic content (e.g., words or sentences), the acoustic 

information would have evolved dynamically over time to include the different speech sounds 

in words. In this case, different samples would have included substantially different types of 

acoustic properties and would have thus been differentially informative for trait impressions 

(e.g., compare the acoustic properties of /h/ and /i/ in the word “hiss”), which would have 

confounded the gating experiment. Due to the nature of the stimuli, the current study thus 

examines trait impressions based on the sound of the voice as conveyed by the fundamental 

frequency (F0, or perceived pitch of the voice), formant frequencies, and periodicity of 

recordings. 

 

In addition to these experimental stimuli, we furthermore created voice recordings via a text-

to-speech synthesiser instructing participants to respond with a certain rating (“Please select 

1 now”) to be used during the attention checks included in the main task (see also participant 

exclusions above). 

 



Trait impressions from voices are formed rapidly within 400ms of exposure 

 

 10 

Procedure 

Testing was conducted online via the platform Qualtrics. Participants were presented with an 

information sheet, provided informed consent, and completed a check to ensure that audio 

playback was working adequately before starting the main experiment. This involved 

participants being presented with a stimulus, similar to the ones used throughout the 

experiment, that they could play multiple times in order to make sure they can hear the 

recording clearly and adjust their volume levels. In the main experiment, participants provided 

trait ratings on a scale from 1 to 9 for all 100 voices along the three underlying dimensions of 

trait impressions: attractiveness, dominance, and trustworthiness (McAleer et al., 2014; 

Oosterhof & Todorov, 2008; Sutherland et al., 2013). Participants were asked to provide these 

trait impressions based on their “gut feeling”. They were also made aware that stimuli might 

be very brief, such that they were required to listen closely. During the task, participants could 

listen to the stimuli only once per trial and were asked to manually initiate playback in order to 

ensure they were ready to listen to each of the often very short recordings. For each rating 

scale, 1 indicated that the voice was not perceived to sound attractive/dominant/trustworthy at 

all, 9 indicated that the voice was perceived to sound extremely 

attractive/dominant/trustworthy.  

 

Participants were randomly assigned to one of the five exposure conditions (50ms, 100ms, 

200ms, 400ms, and 800ms) included in our experiment: This means that participants were 

exposed to stimuli of only one duration throughout the main experiment. All voices were rated 

once per trait, with the exception of 20 voices (10 female, 10 male), which were repeated twice 

per trait, enabling us to examine how reliable each participant’s impressions were within each 

trait. We used a blocked design with each block containing ratings of the same trait and the 

order of the blocks was randomised across participants. Both male and female voices were 

presented within the same block. The order of the voices was fully randomised across blocks 

and participants. As such, a participant in the 100ms condition might therefore first rate all 100 

voices (+ 20 repeated stimuli) based on recordings that were trimmed to 100ms for e.g., 



Trait impressions from voices are formed rapidly within 400ms of exposure 

 

 11 

attractiveness, followed by trustworthiness, followed by dominance. Within each block, three 

attention check trials were included, where participants were asked to provide a specific rating 

based on the instructions given by an artificial voice recording (see Materials). There were 

therefore 369 trials in total ((100 voices + 20 repeated voices + 3 attention checks) * 3 social 

traits). 

Results & Discussion 

 

We analyse our data below from a number of perspectives to build a comprehensive picture 

of how quickly trait impressions can be perceived over time and how these perceived 

impressions stabilise. We first report measures of inter-rater agreement to establish how well 

different listeners’ ratings are aligned with one another for the different traits and exposure 

durations. We also analyse the intra-rater agreement to examine whether listeners agree with 

their own ratings for the voices that were presented twice (see Procedure). We then move on 

to a different type of analysis, where mean ratings per voice are correlated across exposure 

durations. Finding significant agreement and/or significant correlations would indicate that 

responses are not random and that listeners had sufficient exposure to at least start to have 

perceived a trait impression from the specific exposure duration in question. Finally, we 

conduct hierarchical regression models for each trait to formally quantify whether and how trait 

impressions evolve with increasing exposure. For an analysis linking acoustic properties (F0 

and formants) to trait impressions, please see Supplementary Analysis 1. 

 

For context, mean ratings by trait and exposure time are visualised across all voices and split 

by gender in Figure 1 below. From these plots, clear gender effects are apparent, where 

female voices are rated as overall more trustworthy and less dominant than male voices. No 

clear gender effects were observed for attractiveness. From Figure 1, it is also apparent that 

exposure duration appears to somewhat affect the overall trait impressions, although effects 

differ depending on the gender of the voice: There is some evidence for an early positivity bias 

for male voices, that is male voices are perceived as numerically more attractive, trustworthy 
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and dominant (Willis & Todorov, 2006). For female voices, a different pattern emerges, where 

the shortest exposure duration is, however, rated overall lower, with higher ratings being 

observed from 100ms, followed by a gradual decrease in mean ratings with increasing 

exposure. 

 

Figure 1 

 

Mean Ratings per Voice Plotted by Trait and Exposure Duration. Top Panel: Ratings 

Including All Voices. Middle Panel: Mean Ratings for Female Voices. Bottom Panel: Mean 

Ratings for Male Voices. Black Dots Show the Mean Rating, Black Lines Show the Standard 

Deviation. 
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Inter-Rater Agreement 

Two measures of inter-rater agreement were calculated – Cronbach’s alpha, being the most 

commonly used metric in the trait impressions literature, as well as Intraclass Correlation 

Coefficients (ICCs). This latter measure was used to address some of the criticisms regarding 

the use of Cronbach’s alpha such as relying on assumptions rarely met in psychological 

research and overestimation of agreement with increasing numbers of raters (Cortina, 1993; 
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Dunn et al., 2014; Kramer et al., 2018). For the ICC analysis, we used a Two-Way Random 

model and report the values for absolute agreement, together with 95% confidence intervals. 

These measures of agreement were calculated separately for each trait and each exposure 

duration. Data were additionally analysed separately by gender to minimise the possibility of 

gender differences (see Figure 1) inflating inter-rater agreement. Analyses across genders are 

reported in Supplementary Analysis 2. A Cronbach’s alpha of .70 is generally taken as good 

agreement, although .60 has also been regarded as acceptable (Taber, 2018). In the current 

study, we therefore regard acceptable agreement (Cronbach’s alpha > .60) as an indication 

that listeners had sufficient exposure for trait ratings to be well-formed.  

 

When considering Cronbach’s alpha for our data, different patterns of results emerge for each 

trait and voice gender (see Figure 2, as well as Supplementary Tables 3 and 4 for all values 

of Cronbach’s alpha and the ICCs). Broadly speaking, we observe a wide range of agreement 

in our data, with Cronbach’s alpha ranging from -.10 (no agreement) to .88 (very high 

agreement). There is also some evidence that agreement is generally somewhat lower for 

shorter exposures. This finding might be evidence that trait impressions from voices do indeed 

evolve over time (i.e., from 50ms to 400ms of exposure in this study) before stabilising. 

Notably, alongside other gender effects observed in the data, this pattern of results is most 

pronounced for female voices, where agreement increases gradually among some 

fluctuations across the exposure durations (see Figure 2). For male voices, inter-rater 

agreement tends to increase less between 50ms and 800ms of exposure, which is mostly 

driven by agreement for shorter exposure durations being higher compared to female voices. 

As a result, agreement is occasionally relatively stable for male voices across most exposure 

durations (e.g., for dominance impressions). 

 

When interpreting our data in light of inter-rater agreement, attractiveness impressions seem 

to reach acceptable levels (Cronbach’s alpha > .60) after 200ms for female voices and after 

400ms for male voices. Somewhat surprisingly, attractiveness impressions based on the 
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shortest exposure duration condition (50ms) were also characterised by good agreement for 

male voices (Cronbach’s alpha = .72) before dropping below our threshold for acceptable 

agreement for 100ms and 200ms of exposure. For dominance impressions, consistently high 

agreement across all exposure durations was observed for male voices, while agreement for 

female voices reached acceptable levels only after 400ms. The overall lowest agreement 

estimates were seen for impressions of trustworthiness: Impressions of female voices only 

reached acceptable agreement after 800ms and the highest agreement level for male voices 

is at .53, thus only approaching the acceptable levels (see Figures 2A and 2B). 

 

Cronbach’s alpha, however, has often been criticised as a measure of inter-rater agreement 

under similar circumstances (Cortina, 1993; Kramer et al., 2018). We therefore additionally 

provide ICCs as an alternative measure. Overall patterns of results are very similar across 

ICCs and Cronbach’s alpha (see Figures 2 A-D), although ICC values are overall somewhat 

lower. 

 

Figure 2 

 

Line Graphs Showing Cronbach’s Alpha (Panels A+B), ICCs (Panels C+D) And The 

Correlation Coefficient r (Panels E+F) Across The Different Exposure Durations for Female 

and Male Voices Separately. Bands Show The 95% CIs Around The Relevant Measure of 

Interrater Agreement. Colour Figure Is Available In The Online Version Of This Article 
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Agreement in our study appears to be overall somewhat lower compared to previous studies 

of trait perception from voices (e.g., Lavan, Mileva & McGettigan, 2021; Lavan, Mileva, Burton, 

Young, & McGettigan, 2021; Mileva et al., 2020; McAleer et al., 2014). This lower agreement 

is to be expected since most other studies have used voice stimuli with linguistic content (e.g., 

words or sentences; but see Rezlescu et al., 2015 who used vowels), while usually also 
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sampling longer stimulus durations (~390ms in McAleer et al., 2014; stimuli duration of several 

seconds for Lavan et al., 2021, Lavan, Mileva et al., 2021, and Mileva et al., 2020).  

 

Overall, our analyses, however, show that significant and/or acceptable agreement is reached 

for most trait impressions after less than 400ms of exposure for female and male voices alike. 

This significant agreement thus provides initial evidence that even after some very short 

exposure, perceivers form trait impressions that are not random but do at least to some degree 

resemble trait impressions of other perceivers. Where no significant agreement was found, 

trait impressions are either idiosyncratic to each perceiver and/or reflect largely random 

responses, suggesting that the exposure was too short to form a trait impression. Increasing 

agreement across exposure durations furthermore suggest that trait impressions may evolve 

to some degree with increasing exposure. 

 

Intra-rater reliability (item retest) 

To tease apart whether the trait impressions that showed non-significant inter-rater agreement 

reflect random ratings or are the result of valid albeit idiosyncratic trait impressions, we 

examined the intra-rater reliability (i.e., test-retest reliability) in our data. This measure aims to 

determine how much perceivers agree with themselves. Despite being an important and 

meaningful source of variability, intra-rater reliability has been generally neglected in the trait 

impressions literature. Intra-rater reliability was measured by correlating the first and second 

ratings of the 20 repeated stimuli (see Procedure), separately for each participant, trait, and 

exposure duration. Analyses of intra-rater agreement were conducted across gender due to 

the limited sample size. Average correlations were calculated by first using a Fisher’s r to z 

transformation, averaging the resulting z scores and transforming them back to a correlation 

using a z to r transformation.  
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Table 1 

 

Mean Correlations Between Each Participant’s First and Second Rating of the Same 

Stimuli by Trait and Exposure Duration 

 

Exposure 
Duration Attractiveness Dominance Trustworthiness 

50ms 
(N=28) .49** .55** .42* 

100ms 
(N=30) .39* .47** .34 

200ms 
(N=27) .37 .45* .34 

400ms 
(N=34) .51** .55*** .40* 

800ms 
(N = 32) .54** .63*** .48** 

Note. * p < .05, ** p < .01, *** p < .001 significant correlations in bold 

 

Table 1 shows the average stimulus test-retest correlations across the three social traits 

(trustworthiness, dominance, and attractiveness) and the five exposure duration conditions 

(50ms, 100ms, 200ms, 400ms, and 800ms). Positive correlations are seen for impressions of 

dominance, demonstrating a degree of intra-rater reliability even with only a 50ms exposure 

to the voice recordings. Impressions of attractiveness and trustworthiness, however, present 

a somewhat different pattern of results. Here, we see significant positive correlations in the 

50ms condition which then decrease and become significant again after 400ms. These 

positive correlations thus show that while there is noise in participants’ trait impressions, 

especially after the shorter exposure durations, participants’ responses are not fully random. 

We also note that the non-linear patterns across exposure durations for attractiveness and 

trustworthiness, however, are only numerical and are not statistically significant (z = 0.52, p = 

.303 when comparing the correlations between 50ms and 200ms for attractiveness, z = 0.34, 
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p = .368 when comparing the correlations between 50ms and 100ms for trustworthiness, and 

z = 0.33, p = .372 when comparing the correlations between 50ms and 200ms for 

trustworthiness, Eid, Gollwitzer, & Schmidt, 2011). Although statistical significance may not be 

the most meaningful measure of inference in this case, we nonetheless interpret and treat the 

non-linear fluctuations across adjacent exposure durations as a reflection of some degree of 

noise in the data. 

 

Correlation analyses 

We next correlated mean ratings per voice of the longest exposure duration (800ms) with 

mean ratings per voice for the remaining exposure durations, following the analyses of Willis 

& Todorov (2006) and Todorov et al. (2009). We therefore modelled 800ms as the benchmark 

at which trait impressions are likely already well-formed (see the time-unconstrained exposure 

in Willis & Todorov, 2006 and Todorov et al., 2009). As for the inter-rater agreement, we 

conducted these analyses separately for each trait and voice gender (see Supplementary 

Figure 2 and Supplementary Table 5 for detailed scatterplots and exact correlation coefficients 

as well as Supplementary Analysis 3 for correlations across female and male voices). The 

significance level was corrected for 4 comparisons (alpha = .013). Broadly speaking, 

moderate-to-strong positive relationships emerged across most of the correlations (see 

Figures 2E and F for details).  

 

As for the inter-rater agreement, a wide range of correlation strengths were apparent across 

the different traits and exposure durations. Generally speaking, correlations between 400ms 

of exposure and 800ms of exposure were strong, ranging between r(48) = .71 - .90 (but see 

trustworthiness impressions for male voices, r(48) = .47). Furthermore, even for correlations 

of 50ms and 800ms, moderate positive relationships emerge in most cases. 
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For attractiveness impressions of female voices, correlations increased in strength from r(48) 

= .36 (p = .009) for 50ms to r(48) = .81 (p < .001) for 400ms. For male voices, strong 

correlations were apparent across all exposure times, ranging from rs(48) = .50 - .85 (ps < 

.001), with no clear pattern of increasing correlation strength with increasing exposure 

duration. There was a substantial decrease in the correlation coefficient for 200ms compared 

to that for 100ms which was, however, not statistically significant (z = 1.638, p = .051). This 

decrease could be driven by the lower intra-rater reliability in this specific condition (see Figure 

2). These significant positive correlations suggest that attractiveness impressions based on 

50ms of exposure already partially resemble the impressions formed based on 800ms voice 

samples for both female and male voices. However, for female voices, trait impressions 

change such that, with increasing exposure, impressions become more similar to the likely 

well-formed and stable impressions captured by ratings provided for 800ms-long voice 

samples. Here, the correlations seem to reach some stable level around 200ms. 

 

For dominance impressions of female voices, correlations for 50ms and 100ms were not 

significant (r(48) < .01, p = .997 and r(48) = .24, p = .088). Significant correlations did, however, 

arise for 200ms (r(48) = .51, p <.001) and 400ms (r(48) = .77, p < .001). For male voices, a 

substantially different picture emerges, with correlations of rs > .85 (ps < .001) being present 

across all exposure durations. These correlations therefore are similar to our findings for 

attractiveness impressions, where impressions for female voices emerge gradually with 

increasing exposure, while this evolution in trait impressions for male voices is much more 

subtle. Intriguingly, for females, dominance impressions from voice samples of 50ms are 

entirely unrelated to trait impressions from voice samples of 800ms. This, taken together with 

the low, non-significant inter-rater agreement at 50ms, suggests both a lack of a shared basis 

for these dominance impressions as well as a lack of a resemblance to the stable impressions 

formed at 800ms. 
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For trustworthiness impressions of female voices, we again observe significant positive 

correlations of increasing strength across the different exposure durations (see Figure 2E). A 

similar, albeit less clear trend emerged for male voices, where correlations increase from 

50ms to 100ms and 200ms exposure duration (r(48) = .38, p = .013 vs  r(48) = .59, p < .001 

and r(48) = .60, p < .001). There is a drop in correlation strength for 400ms (r(48) = .47, p < 

.001), although this drop is not significant compared to the correlation for 200ms (z = 0.89, p 

= .187).  

 

In line with our analyses of inter-rater agreement above, the correlation analyses suggest that 

1) from as little as a 50ms exposure to a voice, trait impressions can emerge and that the 

impressions do indeed resemble well-formed trait impressions (from 800ms of exposure) with 

only some exceptions. 2) These trait impressions, however, change and evolve over time. 3) 

Specific patterns depend on the trait rated (see Bar et al., 2006) as well as the gender of the 

voice. The latter is perhaps best illustrated when looking at the data for dominance ratings, 

where impressions for female voices only stabilise gradually, while impressions for male 

voices appear to be well-formed after only 50ms of exposure. 

 

Hierarchical Regressions 

To formally quantify whether trait impressions evolve over time to become increasingly similar 

to the fully-formed impressions observed following 800ms of exposure after each exposure 

step, we conducted a set of hierarchical multiple regression analyses. Specifically, for each 

trait and each voice gender, we ran three sets of regression models, where we predicted the 

mean ratings per voice after 800ms exposure from the mean ratings per voice from one of the 

shorter exposure duration in a first regression model and compared this model (via R2 change) 

to another model that included the same predictor plus the mean ratings from the next longer 

exposure duration. Thus, for example, mean ratings per voice after 50ms of exposure as the 

only predictor in Model 1A and the mean ratings per voice after 50ms and 100ms of exposure 

as predictors in Model 1B (see Table 2). A significant change in R2 in these models would 
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suggest that trait impressions do, to some degree, evolve over time; no significant R2 change 

would indicate that impressions of voices are stable across the two exposure durations. Since 

the correlation analysis above has shown that some of the mean ratings are highly correlated, 

we checked the final models, including all 4 exposure durations for multicollinearity by 

inspecting the variable inflation scores (VIFs). VIFs were < 10 across all models, with most 

VIFs not exceeding 2. The highest VIFs were present in the regression models for dominance 

impressions for male voices, where VIFs ranged from 4.4 to 7.1 – which can still be acceptable 

(see Field, 2013; Myers, 1990). See Supplementary Analysis 4 for hierarchical regression 

analyses across female and male voices. 

 

Table 2 

Overview of the Hierarchical Regression Analysis, Prediction Item-Wise Mean Ratings After an 

800ms Exposure for Each Trait and Voice Gender 

 

Trait Voice 
Gender Predictors R2 (A) R2 (B) R2 

Change p 

Attractiveness 

F 

A: 50ms, B: A +100ms 0.13 0.34 0.21 <.001 

A: 100ms, B: A + 200ms 0.31 0.63 0.32 <.001 

A: 200ms, B: A + 400ms 0.62 0.70 0.08 .001 

M 

A: 50ms, B: A + 100ms 0.51 0.64 0.13 <.001 

A: 100ms, B: A + 200ms 0.51 0.53 0.02 .212 

A: 200ms, B: A + 400ms 0.25 0.72 0.48 < .001 

Dominance 

F 

A: 50ms, B: A +100ms <.01 0.07 0.07 .063 

A: 100ms, B: A + 200ms 0.06 0.26 0.20 <.001 

A: 200ms, B: A + 400ms 0.26 0.61 0.35 <.001 

M 
A: 50ms, B: A + 100ms 0.72 0.78 0.05 .002 

A: 100ms, B: A + 200ms 0.74 0.79 0.05 .002 
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A: 200ms, B: A + 400ms 0.75 0.83 0.08 <.001 

Trustworthiness 

F 

A: 50ms, B: A +100ms 0.12 0.31 0.19 <.001 

A: 100ms, B: A + 200ms 0.28 0.37 0.09 .013 

A: 200ms, B: A + 400ms 0.37 0.53 0.16 <.001 

M 

A: 50ms, B: A + 100ms 0.14 0.37 0.23 <.001 

A: 100ms, B: A + 200ms 0.35 0.47 0.12 <.001 

A: 200ms, B: A + 400ms 0.37 0.50 0.13 <.001 

 

 

In line with the correlation analysis above, we find that even trait impressions formed based 

on 50ms exposure can significantly predict trait impressions formed after an 800ms exposure 

(exception: Dominance ratings for female voices). For the remaining steps of the hierarchical 

regressions, we then observe that with each level of increasing exposure, an additional and 

significant proportion of the variance in trait impressions based on 800ms exposure can be 

explained for female and male voices alike with only very few exceptions (see Table 2). This 

analysis therefore suggests that while trait impressions are established rapidly (as indicated 

by the agreement measures), they indeed evolve over time with additional exposure adding 

new information that then shapes the trait impressions. For how long trait impressions are 

changeable over time, however, appears to depend on the specific traits and on the gender 

of the perceived voice. 

 

General Discussion 

 

A first impression about a person can be formed both based on the appearance of their face 

or the sound of their voice. Face and voice impressions share many fundamental properties, 

such as high inter-rater agreement, an underlying low-dimensional structure, and evidence for 

real-life consequences (Ballew & Todorov, 2007; McAleer et al., 2014; Mileva et al., 2020; 
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Oosterhof & Todorov, 2008; Tigue et al., 2012). Another core property of trait impressions 

from faces and voices that has been highlighted in the literature is how rapidly these trait 

impressions can be formed. While the rapid time course of trait impressions from faces has 

been systematically traced, this claim for voices is based on studies finding high agreement 

using relatively short stimuli (~300-400ms, McAleer et al., 2014; Baus et al., 2019). To our 

knowledge, there is, however, no work that systematically maps the perception of voice 

impressions over time. The current study investigated this time course and development of 

trait impressions from voices via a perceptual gating experiment and assessed how similar 

the time courses of voice and face trait perception may be. 

 

Trait impressions from voices are formed more slowly than those from faces 

Overall, our results show an often-gradual development of voice trait impressions: Inter-rater 

agreement for trait impressions mostly required up to 400ms of exposure to reach acceptable 

levels (exception: dominance for male voices). At the same time, there were significant 

increases in the variance explained in the mean ratings after 800ms of exposure by mean 

ratings for each consecutive exposure duration (50ms, 100ms, 200ms, and 400ms). Beyond 

inter-rater agreement, these increases in the variance explained further underline a gradual 

evolution of trait impressions from voices across time. This is in contrast to what has been 

reported for face trait impressions, where exposure beyond 100ms does not seem to 

significantly increase the amount of variability explained in the stable impressions formed after 

a much longer time period or with no specific time constraints (Willis & Todorov, 2006). 

 

One potential explanation for such differences in the development of trait impressions based 

on voices vs faces might be the nature of the information carried in the two modalities. While 

faces provide us with information about both stable structure (such as the presence of a nose 

in a face) and more transient cues (such as facial expressions), voices mostly include transient 

information encoded over time. The impact of this potentially more transient and perhaps 

variable nature of voices on trait perception may be reflected in a recent finding showing that 
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trait ratings attributed to multiple voice recordings of the same person are much more variable 

than ratings based on different facial images of the same person (Lavan, Mileva et al., 2021). 

It is therefore possible that the more transient nature of cues from voices, reflected in the 

larger within-person variability in trait impressions, leads to listeners’ needing additional time 

to accumulate sufficient information to arrive at a stable trait impression from voices compared 

to faces.  

 

While information certainly unfolds over time for voices encountered in the real world, it needs 

to be noted that the current study included sustained vowels, that were in principle (relatively) 

steady-state. Nonetheless, these voice recordings were produced by humans, such that they 

are in practice not perfectly static. As such, small fluctuations in the acoustic signal that occur 

after a certain amount of exposure (e.g., a mild tremor in the voice, a drop in intensity) may 

have still been present in the voice recordings. Trait impressions could have been to some 

degree affected by such fluctuations being perceived by listeners: For example, if a decrease 

in intensity in the voice only occurs after 150ms of exposure, a recording with such a decrease 

in intensity could receive overall lower dominance ratings after 200ms of exposure compared 

to 50ms and 100ms of exposure. Similarly, if listeners may not agree on whether the same 

voice sounds dominant or not after 50ms or 100ms, perceiving such a decrease in intensity 

may trigger listeners to agree on their dominance impressions. However, for such fluctuations 

to affect the findings reported in this paper, beyond introducing some noise, fluctuations would 

need to occur across many of the voice recordings in a systematic and potentially temporally-

aligned manner. As a result, the relatively slower time course of trait impressions from voices 

observed in our study cannot readily be explained by listeners sampling information that 

substantially evolves over time from the “static” voices. There is, however, still the possibility 

that trait perception from voices is slower than for faces because participants expect that the 

voice will reveal more information as time passes, while they are perhaps more used to making 

snap decisions from (static) faces. 
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Aside from considerations of how the more transient nature of information encoded in voices 

may shape the time course of trait perception from voices (relative to faces), differences in 

how different types of socially-relevant judgements (e.g., sex, identity, emotion) are processed 

from voices vs faces may affect the time courses of trait perception. Some of these socially-

relevant judgements appear to be made somewhat independently from faces – for example, 

sex judgements are usually made faster than identity ones and identity familiarity has been 

shown to have no impact on the speed of sex judgements (Bruce, 1986). There is, however, 

evidence that similar judgements are not processed independently from voices, with findings 

of familiarity enhancing the speed of sex judgements (Burton & Bonner, 2004) and the 

processing of speech content (Nygaard & Pisoni, 1998). Additionally, voices also encode 

complex linguistic information that, in most cases, cannot be readily accessed from faces (e.g., 

most people are poor lip-readers, thus being unable to decode speech from facial information 

only; Altieri et al., 2011). Given that previous studies have shown that sex, emotion and 

linguistic information can influence trait perception, we may speculate that another potential 

explanation for the slower time course of person perception from voices could be found in the 

differential complexity of how the different types of socially-relevant information interact for 

voices and faces as well as the differential accessibility of types of information. 

 

As such, our results could have implications for theories focussing on the parallels between 

general face and voice processing and those suggesting that the voice could be regarded as 

an “auditory face” (e.g., Belin et al., 2011; Yovel & Belin, 2013). We find that while both face 

and voice impressions are formed rapidly, their development and evolution follow a distinct 

pattern for faces vs voices. With voices being inherently dynamic signals, while faces are 

mostly represented by static images in trait perception studies (although faces tend to be 

dynamic to some degree outside of experimental studies), our findings highlight a key 

difference in the development of face and voice impressions. Could it, for example, be the 

case that face trait impressions are formed quickly and then maintained, while voice trait 

impressions are more readily updated? This suggests that, while useful under certain 
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circumstances, a stringent interpretation of the voice being an “auditory face” will be prone to 

downplay any differences between the two stimulus modalities. 

 

Trait impressions from female voices evolve more gradually than those from male 

voices 

In the following paragraphs, we will further discuss the gender differences we observed for 

trait perception from voices. Generally, trait impressions were established after less exposure 

from male than female voices. This pattern of results was particularly evident for ratings of 

dominance where even 50 milliseconds of exposure were sufficient to form an impression of 

a male voice, whereas more exposure was needed for female dominance impressions 

(~400ms). These estimates of the time course were informed not only by the correlations 

between ratings produced in the shorter exposure duration conditions (50-400ms) and our 

800ms exposure condition, but also, critically, following our analysis of intra- and inter-rater 

agreement, which provided us with important information about the shared nature and the 

overall reliability of the impressions. While it is possible that a similar pattern of faster trait 

impressions for male than female identities might emerge for face impressions, this has not 

been specifically tested in the existing literature with studies generally presenting results 

across gender (Willis & Todorov, 2006) or collecting impressions of one gender only (Bar et 

al., 2006). It is, however, notable, that reports of some of the most rapid formation of stable 

impressions are reported from male faces in particular (e.g., threat and attractiveness, Bar et 

al., 2006; Rule et al., 2009). We also briefly note that, from the current study, it remains 

somewhat unclear whether the present pattern of results is partially specific to trait 

impressions formed by female perceivers, in light of the high proportion of female listeners in 

our sample and evidence for rater gender differences in trait impressions (Babel, McGuire, & 

King, 2014; Mattarozzi et al., 2015). 

 

For the current results, we can however, speculate that the different patterns for male and 

female voices from even the shortest exposure durations show that trait impressions and 
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gender perception are closely linked. Studies have already shown that face impressions are 

driven by social categorisation and overgeneralisation processes (Secord, 1958; Zebrowitz & 

Montepare, 2008). If gender perception influences trait perception for voices, a trait impression 

could, in principle, start to be formed as soon as a gender judgement has been made. For 

face perception, South Palomares and Young (2018) already demonstrate a similar, and rapid 

time course for impression formation and gender classification. With the human voice, and its 

pitch in particular, being sexually dimorphic (Titze, 2000), gender discrimination from voices 

can be achieved with 99% accuracy after 50ms exposure to vowel segments (Whiteside, 

1998) and with 75% accuracy after less than a 30ms of exposure (Owren, Berkowitz, & 

Bachorowski, 2007). Intriguingly, studies looking at the time course of gender classification 

decisions demonstrate that male voices can be classified faster and more accurately than 

female voices (Lass et al., 1976; Coleman, 1971; Owren et al., 2007). Thus, assuming that 

gender classification is closely linked to trait perception, it is possible that the slower 

development and lower agreement we observe for trait impressions from female voices may 

partially reflect the time course differences in gender classification decisions. Furthermore, 

Latinus and Taylor (2012) present two ERP studies focussing on the perception of voice 

gender and the specific role of vocal pitch. Their results suggest that pitch information is picked 

up from the voice shortly after stimulus onset (at between 30-87ms) whereas “true” gender 

processing occurs later on at approximately 200ms. As pitch could be used as a rapid index 

of gender, this could explain both how we can form a stable first impression within 50ms (in 

some cases) and why some impressions evolve further with additional exposure time. 

 

Going beyond overgeneralisation effects, we may also speculate that the observed gender 

differences could also provide us with an example of the dual-route processing suggested by 

Over and Cook (2018). Based on dual-process theories of social and more general human 

cognition (Frankish, 2010; Kahneman, 2003; Kruglanski & Orehek, 2007), they propose two 

distinct processing routes underpinning trait perception from (unfamiliar) faces: an intuitive 

(automatic) route and a more controlled (reflective) route that requires more deliberate 
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reasoning about an individual’s appearance and behaviour (see also Campbell-Kibler, 2016). 

These two routes likely work independently from one another, however, there is scope and 

evidence for some level of interaction between them. For example, more reflective top-down 

processes might override automatic judgements (such as stereotypes, Devine, 1989) and 

automatic judgments can introduce biases in controlled processes (e.g., an initial negative 

evaluation might require a larger amount of subsequent positive information in order to change 

the overall perception of a person, Over & Cook, 2018). Taking dominance impressions again 

as an example – upon hearing a voice, listeners might be making a fast and automatic gender 

judgement (likely based on pitch information) which then leads to prioritising the processing of 

male (low-pitched) voices via the intuitive, fast route given that from an evolutionary 

perspective, threat is more likely to be encountered from male identities. The processing of 

female (higher-pitched) voices might not require the same high priority route and dominance 

impressions from these voices might therefore take longer to stabilise and can allow for more 

information to be processed in order to arrive at a stable judgement. 

 

Trait impressions are formed most quickly for dominance 

We also observe differences in the way impressions of the three fundamental traits are formed: 

Attractiveness and trustworthiness ratings for male and female voices alike, as well as 

dominance impressions for female voices require several hundreds of milliseconds to form 

and stabilise, while dominance impressions for male voices emerge within 50ms of exposure. 

This pattern of results is closely replicated when looking across male and female voices (see 

Supplementary Materials), where dominance impressions are also formed rapidly within 50ms 

of exposure, while attractiveness and trustworthiness ratings evolve more gradually. The rapid 

emergence of dominance impressions is a potentially intriguing finding because it shows that, 

compared to the speed of face trait ratings, dominance impressions might be formed faster 

from the voice, whereas attractiveness and trustworthiness impressions are potentially formed 

faster (or with broadly similar speed) from the face. These findings then fit nicely with studies 

of audiovisual trait perception reporting that the information from the voice is more important 
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than that from the face for audiovisual impressions of dominance (Mileva et al., 2018; 

Rezlescu et al., 2015). A different pattern is observed for impressions of trustworthiness, 

where face information either is more important (Mileva et al., 2018) or contributes equally to 

audiovisual trustworthiness impressions (Rezlescu et al., 2015). Similarly, Rezlescu et al. 

(2015) also report that face information is more important for judgements of attractiveness. 

These differences in the relative importance of faces and voices for audiovisual trait 

impressions therefore appear to follow the speed at which these judgements are formed from 

the face and the voice. 

 

Conclusion and future directions 

Overall, our data thus provide a detailed first examination of the formation and development 

of trait impressions from voices. However, many questions regarding the time course of vocal 

trait perception remain unanswered: In the current study, we used sustained vowels as stimuli. 

These voice samples were specifically chosen to ensure that any effects observed in the 

current study were driven by the additional voice exposure, rather than by differences in how 

phonetic and linguistic content unfolds across the different exposure times. As such, trait 

impressions formed from these stimuli can only be based on the basic vocal characteristics of 

the voice, with little meaningful linguistic (and paralinguistic) information being available. As 

noted above, the time course of trait perception from voice recordings that include linguistic 

information may be different and potentially more prolonged than what we observed in the 

current study. Given that linguistic information generally unfolds relatively slowly over time 

compared to e.g., gender perception (the short, two-syllable word “Hello” takes ~390ms to be 

produced in full, see McAleer et al., 2014), it is likely that using stimuli that include linguistic 

information per se would not change how quickly trait impressions are initially formed based 

on the vocal characteristics of a person. Rather, linguistic content, such as the meaning of the 

words spoken, might affect trait impressions based on voices in line with the message 

conveyed once this message has been perceived. As such, a person might be initially 

perceived as trustworthy due to their vocal characteristics before listeners have processed the 
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linguistic content of a potentially offensive utterance, which should lower the perceived 

trustworthiness. Similarly, there is also a wealth of sociolinguistic literature on the effects of 

e.g., accent perception on how listeners evaluate and react to other people in a valenced or 

prejudiced manner. These studies often also use much longer voice samples (e.g., Bayard et 

al., 2001), although similar effects have been reported for short samples (~400ms, Purnell et 

al., 1999 for accent perception). 

 

In addition to the linguistic information that voices usually carry in the real world, our study 

also did not account for the wealth of paralinguistic information, i.e. information conveyed by 

how things are being said, that is usually encoded in real-world voices: One such type of 

paralinguistic information is emotional content, which has already been shown to affect trait 

perception from faces (Hess et al., 2000; Krumhuber et al., 2007; Montepare & Dobish, 2003; 

Mueser et al., 1984) and for voices (Pinheiro et al., 2021). Pell and Kotz (2011) have 

furthermore outlined the time course of emotion perception from speech, reporting that 

different emotions are associated with recognition time courses: While all emotions can be 

reliably recognised from under 2 seconds of exposure, anger appears to be recognised sooner 

than happiness, after 710ms vs 977ms respectively. As with linguistic information, 

paralinguistic information is thus likely to further colour trait impressions from voices. This 

potentially happens on a somewhat slower timescale than e.g. the perception of voice quality. 

 

Thus, while the current study has for the first time outlined the time course of trait impressions 

from voices, from their initial inception to reaching relative stability, the formation of trait 

impressions from more naturalistic stimuli is likely to be much more complex, with different 

sources of information encoded in the voices interacting and unfolding on different time scales. 

In light of these many sources of information that are routinely available from voices in 

naturalistic settings, much further work is needed to explore and model how trait impressions 

are shaped after their initial formation, over the course of the first few seconds of meeting a 

person. Nevertheless, our data provide important methodological and theoretical insights 
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about the time course of social evaluation processes as well as the parallels (and some 

differences) between face and voice perception in general.   
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Supplementary Materials 

 

Supplementary Analysis 1: The relationship between mean ratings per item and 

acoustics 

 

We extracted acoustic features, specifically F0, corresponding to voice pitch and F1, 

the first formant, extracted here to be a proxy for vocal tract length (VTL). The mean 

F0 was 229.5Hz (SD: 30.0 Hz) for female voices and 127.7Hz (SD: 24.7 Hz) for male 

voices. The F1 was 806.5Hz (SD: 105.4 Hz) for female voices and 639.9Hz (SD: 24.7 

Hz) for male voices (see Supplementary Figure 1 below for the distribution of F0 and 

F1 values). 

 

Supplementary Figure 1 
 

Histograms Showing the Distributions of F0 and F1 Values for Male and Female 

Voices 
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Supplementary Table 1 

 

Correlations Between Item-Wise Mean Ratings by Trait, Gender, and Exposure Time with 

Two Acoustic Measures: F0 (Top Table) and F1 (Bottom Table) 

F0          

Exposure 

Duration 

Attractiveness Dominance Trustworthiness 

All 

voices 
F M 

All 

voices 
F M 

All 

voices 
F M 

50ms -.82*** -0.17 -.50*** -.88*** -.45** -.48*** .53*** .47*** -0.01 

100ms -.29** .24 -.47*** -.77*** -.12 -.38** .71*** 0.17 0.05 

200ms .15 .29* -.22 -.78*** -.16 -.42** .79*** .37** 0.16 

400ms -.10 .05 -.46*** -.73*** -.11 -.38** .67*** 0.01 0.16 

800ms -.15 .23 -.44** -.76*** -.06 -.48*** .5*** 0.05 0.12 

          

F1 (proxy for vocal tract length)      

Exposure 

Duration 

Attractiveness Dominance Trustworthiness 

All 

voices 
F M 

All 

voices 
F M 

All 

voices 
F M 

50ms -.22 -.22 -.29* -.66*** -.09 -.23 .47*** .42*** -.22 

100ms .31* .31* -.07 -.54*** .10 -.21 .69*** .47*** .20 

200ms .36** .26** .16 -.55*** -.02 -.15 .71*** .54*** .24 

400ms .29* .29* .01 -.44*** .22 .02 .50*** .06 -.03 

800ms .29* .29* -.16 -.40*** .44*** .07 .42*** .19 -.05 

Note. F = female voices, M = male voices; * p < .05, ** p < .01, *** p < .001, significant correlations in 

bold, negative correlations in red, positive correlations in green 
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These kinds of acoustic measures have been previously shown to be influential for 

trait impressions from voices (McAleer et al., 2014). As can be seen from 

Supplementary Table 1, we observe consistent and significant negative relationships 

between F0 and attractiveness and dominance ratings for male voices: The lower the 

pitch, the more attractive and dominant male voices are perceived to be. No such 

relationship emerges for trustworthiness, although most correlations are weakly 

positive. For female voices, no consistent significant relationships between F0 and trait 

ratings emerge, if anything, there are trends suggesting that female voices that are 

higher in F0 are perceived as more attractive and trustworthy while female voices that 

are lower in F0 are perceived as more dominant. When looking across both male and 

female voices, the effects of gender on trait impressions becomes apparent: We 

observe consistently strong negative correlations for dominance impressions, 

confirming that male voices (which are usually lower in F0 than female voices) are 

perceived as overall more dominant. Conversely, we observe a moderate-to-strong 

positive correlation between F0 and trustworthiness impressions, reflecting that 

female voices (which are usually higher in F0 than male voices) are perceived as 

overall more trustworthy than male voices. 

 

For correlations with F1, as a proxy for vocal tract length, fairly consistent 

relationships emerge for attractiveness and trustworthiness ratings for female voices: 

Higher F1 is associated with shorter vocal tract lengths. As such, female voices are 

perceived as more trustworthy and attractive when the voice overall sounds smaller 

in terms of the voice quality. No clear relationship between F1 and dominance 

impressions for female voices was apparent. Furthermore, there were also no 

consistent relationships between F1 and trait impressions for male voices. Looking 
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across female and male voices, we can again observe the effects of gender on the 

correlations between F1 on dominance ratings: Males tend to have longer vocal 

tracts and thus lower F1s. As a result, we observe a negative relationship between 

voices F1 and dominance ratings. For trustworthiness (and to a lesser degree for 

attractiveness) impressions, we observe the opposite pattern, largely reflecting that 

females are perceived to be more trustworthy. 

 

 

Supplementary Analysis 2: Inter-rater agreement for female and male voices 

combined 

 

Trait impressions of attractiveness based on both male and female voices converge 

on acceptable agreement at 400ms, such that no systematic increase in agreement is 

observed after this exposure time (see Supplementary Table 2). However, 

surprisingly, trait impressions based on the shortest exposure time (50ms) also 

already exhibit high agreement. Dominance impressions across both male and female 

voices show very high inter-rater agreement even at the shortest exposure time. For 

trustworthiness impressions, acceptable agreement is reached after 100ms, with 

agreement being overall relatively stable across all exposure durations other than 

50ms, where agreement is quite low. 
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Supplementary Table 2  

Inter-Rater Agreement (Cronbach’s Alpha and Intraclass Correlation Coefficients, with 95% 

Confidence Intervals) for Male and Female Voices Combined. 

 

Trait 
Exposure 

Duration 

Cronbach’s Alpha  

[95% CIs] 

ICC 

[95% CIs] 

Attractiveness 

50ms .83  [.78, .87] .81***  [.75, .86] 

100ms .47  [.30, .61] .40***  [.24, .54] 

200ms .47  [.30, .61] .42***  [.26, .56] 

400ms .70  [.61, .78] .64***  [.54, .73] 

800ms .66  [.56, .75] .57***  [.45, .67] 

Dominance 

50ms .93  [.90, .95] .90***  [.87, .93] 

100ms .84  [.79, .88] .79***  [.73, .85] 

200ms .86  [.82, .90] .82***  [.76, .87] 

400ms .90  [.86, .92] .88***  [.84, .91] 

800ms .91  [.89, .94] .88***  [.84, .91] 

Trustworthiness 

50ms .20  [-.04, .41] .16*  [-.03, .34] 

100ms .76  [.68, .82] .71***  [.62, .78] 

200ms .78  [.71, .84] .71***  [.63, .79] 

400ms .74  [.67, .81] .68***  [.59, .76] 

800ms .65  [.54, .74] .61***  [.50, .71] 

Note. * p < .05, *** p < .001, significant ICCs in bold 
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Supplementary Table 3 

Inter-Rater Agreement (Cronbach’s Alpha and Intraclass Correlation Coefficients, with 95% 

Confidence Intervals) for Female Voices. 

 

Trait 
Exposure 

Duration 

Cronbach’s Alpha  

[95% CIs] 

ICC 

[95% CIs] 

Attractiveness 

50ms .52  [.30, .69] .40***  [.06, .47] 

100ms .59  [.41, .74] .47***  [.29, .64] 

200ms .67  [.52, .79] .52***  [.35, .68] 

400ms .76  [.65, .84] .63***  [.49, .75] 

800ms .73  [.62, .83] .57***  [.42, .71] 

Dominance 

50ms .20  [-.16, .49] .12  [-.09, .35] 

100ms .35  [.06, .58] .27**  [.04, .49] 

200ms .22  [-.13, .50] .15  [-.08, .38] 

400ms .65  [.50, .78] .55***  [.38, .70] 

800ms .70  [.56, .81] 53***  [.37, .68] 

Trustworthiness 

50ms .39  [.11, .61] .26**  [.06, .47] 

100ms .58  [.39, .73] .48***  [.29, .64] 

200ms .57  [.37, .72] .46***  [.27, .63] 

400ms .56  [.36, .72] .46***  [.27, .63] 

800ms .67  [.52, .79] .58***  [.42, .72] 

Note. ** p < .01, *** p < .001, significant ICCs in bold 
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Supplementary Table 4 

Inter-Rater Agreement (Cronbach’s Alpha and Intraclass Correlation Coefficients, with 95% 

Confidence Intervals) for Male Voices. 

 

Trait 
Exposure 

Duration 

Cronbach’s Alpha  

[95% CIs] 

ICC 

[95% CIs] 

Attractiveness 

50ms .72  [.60, .82] .62***  [.47, .75] 

100ms .54  [.34, .71] .40***  [.21, .58] 

200ms .53  [.32, .70] .43***  [.23, .61] 

400ms .77  [.67, .85] .70***  [.57, .80] 

800ms .77  [.66, .85] .62***  [.47, .74] 

Dominance 

50ms .87  [.81, .91] .78***  [.69, .86] 

100ms .81  [.73, .88] .70***  [.57, .80] 

200ms .80  [.72, .87] .72***  [.61, .82] 

400ms .86  [.80, .91] .82***  [.74, .88] 

800ms .88  [.82, .92] .82***  [.74, .88] 

Trustworthiness 

50ms -.10  [-.59, .30] -.05  [-.24, .18] 

100ms .53  [.33, .70] .43***  [.24, .61] 

200ms .39  [.11, .61] .29**  [.07, .50] 

400ms .47  [.23, .66] .36***  [.16, .56] 

800ms .48  [.25, .67] .41***  [.20, .60] 

Note. ** p < .01, *** p < .001, significant ICCs in bold 
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Supplementary Figure 2 
 

Scatterplots of the Relationships Between Item-Wise Mean Ratings for Trait 

Impressions After 800ms and the Shorter Exposure Durations. Data are Plotted by 

Trait and Voice Gender. 
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Supplementary Table 5 

Correlation Coefficients for Correlations Between Item-Wise Mean Ratings After 

an 800ms Exposure and Those for the Remaining Shorter Exposure Durations by 

Trait and Voice Gender 

Trait Exposure Duration Female Male 

Attractiveness 

50ms .36 .72 

100ms .56 .71 

200ms .79 .50 

400ms .81 .85 

Dominance  

50ms <.01 .85 

100ms .24 .86 

200ms .51 .87 

400ms .77 .90 

Trustworthiness 

50ms .35 .38 

100ms .53 .59 

200ms .56 .60 

400ms .71 .47 

Note. Significant correlations after multiple comparison correction in bold 
 

 

Supplementary Analysis 3: Correlations between 800ms and shorter durations 

for female and male voices combined 

 

Supplementary Table 6 shows the correlations between item-wise mean ratings for 

different exposure durations (50ms, 100ms, 200ms, 400ms) and 800ms when looking 

across female and male voices. We find strong positive correlations across all 
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exposure durations and traits, with these effects most likely being driven by underlying 

gender differences in trait impressions for male vs female voices. These data clearly 

show a distinct pattern of development for each trait. Dominance judgements seem to 

be well formed, even at 50ms, whereas trustworthiness judgements require a little 

longer (100ms). The development of attractiveness judgements seems to be much 

more gradual and only approaches stability at 400ms. 

 

Supplementary Table 6  

Correlation Coefficients for Correlations Between Item-Wise Mean Ratings after 

an 800ms Exposure and the Remaining Shorter Exposure Durations by Trait for 

Male and Female Voices Combined 

Trait Exposure Duration Correlation Coefficient 

Attractiveness 

50ms .45*** 

100ms .65*** 

200ms .60*** 

400ms .83*** 

Dominance  

50ms .89*** 

100ms .88*** 

200ms .92*** 

400ms .94*** 

Trustworthiness 

50ms .52*** 

100ms .71*** 

200ms .72*** 

400ms .74*** 

Note. *** p < .001 
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Supplementary Analysis 4: Hierarchical regression analysis for female and male 

voices combined 

 

 

For completeness, we present the hierarchical regression analysis reported for female 

and male voices separately in the main text here when considering all voices together 

in the same analysis (see Supplementary Table 7). The picture that emerged from 

these three hierarchical regression analyses (one per trait) is similar to what we 

observed when splitting the data by gender: With increasing exposure duration, 

Supplementary Table 7 

Overview of the Hierarchical Regression Analysis, Prediction Item-Wise Mean Ratings 

after 800ms Exposure for Each Trait for Female and Male Voices Combined 

Trait Predictors R2 (A) R2 (B) 
R2 

Change 
p 

Attractiveness 

A: 50ms, B: A + 100ms 0.20 0.44 0.24 <.001 

A: 100ms, B: A + 200ms 0.42 0.51 0.09 <.001 

A: 200ms, B: A + 400ms 0.36 0.69 0.33 <.001 

Dominance 

A: 50ms, B: A + 100ms 0.78 0.82 0.03 <.001 

A: 100ms, B: A + 200ms 0.78 0.85 0.07 <.001 

A: 200ms, B: A + 400ms 0.84 0.91 0.07 <.001 

Trustworthiness 

A: 50ms, B: A + 100ms 0.27 0.53 0.25 <.001 

A: 100ms, B: A + 200ms 0.51 0.57 0.06 <.001 

A: 200ms, B: A + 400ms 0.52 0.61 0.09 <.001 
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modelled here via additional predictors, unique and significant portions of variance are 

explained with each increase in exposure duration. Final models, account for most of 

the variance in trait impressions based on 800ms exposure (61% - 91%) for all traits. 

 

 


