Multimodal person evaluation

Supplementary Material
	Table S1. Initial Trait Categories and Most Common Descriptors in each Category for the Multimodal Spontaneous Descriptors. Category Label is the Most Common Word in each Category.

	Category
	Other most common descriptors

	Friendly
	nice, approachable, welcoming

	Kind
	caring, warm, helpful, sweet, patient, empathetic

	Introvert-Extrovert
	shy, quiet, outgoing, reserved, chatty, sociable

	Intelligent
	smart, educated, knowledgeable, clever, bright, wise

	Confident
	self-confident, unsure, assured, hesitant

	Fun
	funny, boring, interesting, dull, engaging

	Enthusiastic
	bubbly, upbeat, passionate, keen, excitable

	Attractive
	pretty, handsome, cute, beautiful

	Hardworking
	ambitious, motivated, focused, driven, studious

	Easygoing
	chilled, laidback, casual

	Assertive
	bossy, leader, firm, in charge, opinionated, authoritative

	Serious
	strict, direct, abrupt, stern

	Honest
	fake, genuine, insincere, sincere, manipulative, straightforward

	Ordinary
	average, normal, plain, weird, ‘basic’, odd, quirky

	Other
	annoying, trustworthy, open, loud, popular, posh



	Table S2. Initial Trait Categories and Most Common Descriptors in each Category for the Voice Spontaneous Descriptors. Category Label is the Most Common Word in each Category.

	Category
	Other most common descriptors

	Friendly
	nice, welcoming, approachable, pleasant

	Introvert-Extrovert
	shy, outgoing, quiet, chatty, social, distant

	Confident
	unsure, assured, insecure, self-confident, arrogant

	Kind
	warm, caring, helpful, gentle, understanding, attentive

	Enthusiastic
	cheerful, engaging, cheery, upbeat, excited

	Fun
	funny, boring, interesting, dull

	Intelligent
	smart, educated, knowledgeable, wise, clever

	Serious
	strict, formal, stern, to the point, firm, direct

	Energetic
	bubbly, lazy, disinterested, active, athletic, playful

	Assertive
	leader, authoritative, bossy, dominant

	Trustworthy
	fake, genuine, honest, insincere, sincere, reliable

	Ordinary
	average, normal, quirky, basic, plain

	Ambitious
	focused, motivated, hardworking, determined

	Annoying
	irritating, grating, obnoxious, whiney

	Other
	polite, loud, open, attractive, impatient, cool, patronising



	Table S3. Initial Trait Categories and Most Common Descriptors in each Category for the Name Spontaneous Descriptors. Category Label is the Most Common Word in each Category.

	Category
	Other most common descriptors

	Friendly
	nice, lovely, good, approachable, aggressive

	Kind
	caring, helpful, loving, warm, thoughtful, judgemental, good

	Introvert-Extrovert
	quiet, shy, outgoing, sociable, talkative, chatty, reserved

	Fun
	funny, Boring, dull, playful, interesting

	Intelligent
	smart, clever, wise, silly, dumb, unintelligent, bright

	Reliable
	honest, loyal, trustworthy, dependable

	Attractive
	pretty, Beautiful, handsome, charming, good looking

	Ordinary
	common, average, plain, weird, normal, quirky

	Confident
	arrogant, snobby, cocky, insecure, stuck up

	Loud
	down to earth, attention-seeking, pretentious, dramatic

	Rude
	mean, bitchy, sarcastic, bully

	Popular
	likeable, liked, well-liked, personable

	Serious
	stern, formal, strict, uptight, blunt

	Adventurous
	brave, bold, crazy, wild

	Hardworking
	studious, grafter, persistent, productive

	Creative
	artistic, musical, talented, arty, artsy, imaginative

	Annoying
	irritating, obnoxious, tiring, whiny

	Other
	sensible, cool, independent, athletic, generous



Descriptor Categorisation and Trait Selection Procedure
Free descriptors for each of the three stimulus types (multimodal, voice and first name) were pooled together and imported in the qualitative data analysis software QSR NVivo. Descriptors were classified into distinct categories – these encompassed demographic categories (such as age, gender, nationality), hobbies, dispositions and personality traits. When a single descriptor referred to two or more separate concepts, it was added to each relevant node. For example, the descriptor “a young woman” was included in both the age and the gender nodes. Any unnecessary definite or indefinite articles, adjectives describing a certain degree of a trait (e.g., very laid back or a little irritated), and filler words were removed from the descriptors. For example, descriptors such as “sounds very calm” and “would say she is quite a serious person” were simply replaced with “calm” and “serious”.

The most frequently mentioned distinct categories of descriptors were selected using three different approaches, all of which focussed mostly on descriptors of personality characteristics. For the first approach, two researchers categorised all descriptors provided by perceivers independently and then jointly resolved any disagreements. This was done using QSR NVivo which allows categorising using different nodes as well as nesting nodes together. For the second approach, the fastText library (Joulin et al., 2016) was used to generate vectors representing the meaning of each descriptor. This was done for the 150 most commonly referred to descriptors for each stimulus type. These vectors were then analysed with the linkage function in MATLAB, producing distinct clusters of descriptors based on their average cosine similarity. These clusters were visualised using a dendrogram (see Figures S1-S3). Finally, behavioural word categorisation data was also collected by recruiting an independent sample of participants (N = 18) who were presented with the 150 most commonly used descriptors based on multimodal, voice, or name cues, and were asked to sort them into distinct categories corresponding to a specific concept. For example, descriptors such as clever, smart, bright, and stupid could be clustered together as they describe the same concept of intelligence. Participants were instructed to sort the words in a way that made the most sense to them and were allowed to have a single descriptor as an independent category. The proportion of times each pair of words appeared in the same cluster was then calculated for every possible pair, producing a similarity matrix. An interactive map showing the relationship between these 150 descriptors was then generated for multimodal, voice and name cues using Plotly (https://plotly.com/) in Python.









Figure S1
Dendrogram Showing the Clusters Based on the Cosine Similarity of Multimodal First Impression Descripors as Measured by the FastText Library.
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Figure S2
Dendrogram Showing the Clusters Based on the Cosine Similarity of Voice First Impression Descripors as Measured by the FastText Library.
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Figure S3
Dendrogram Showing the Clusters Based on the Cosine Similarity of Name First Impression Descripors as Measured by the FastText Library.
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Agreement Analysis and Results
Two measures of inter-rater agreement were used to calculate rater agreement – Cronbach’s alpha, being the most commonly used metric in the trait impressions literature, as well as Intraclass Correlation Coefficients (ICCs) to address some of the criticisms regarding the use of Cronbach’s alpha in this context (Cortina, 1993; Kramer et al., 2018). For the latter analysis, a Two-Way Random model was used and the values for absolute agreement are reported together with 95% confidence intervals. These measures of agreement were calculated separately for each trait and each source of information. In general, Cronbach’s alphas above .70 indicate good agreement, although .60 has also been regarded as an acceptable level of agreement (Taber, 2018). Figure S4 shows the ICCs for ratings attributed to multimodal (A), voice (B), and first name (C) cues.

ICCs showed significant levels of agreement for ratings of each trait, regardless of the source of identity information. There was only one case where Cronbach’s alpha was below .60 and that was for ratings of rudeness as judged from first names (alpha = .559). This trait was therefore removed from any further analyses. Cronbach’s alphas varied between .667–.945 when perceivers had access to the face, voice and first name of each identity, between .756–.965 for ratings attributed to voices, and between .636–.927 for ratings attributed to first names. While rater agreement was somewhat lower for ratings attributed to names compared to voices or multimodal identities, it was still surprisingly high, given that raters are expected to have different experiences with names that they then use when forming a first impression of an unfamiliar identity with the same name. Ratings of how friendly and sociable someone might be showed consistently high levels of agreement, regardless of modality, whereas ratings of attractiveness had the highest agreement when attributed to first names and multimodal identities but relatively low agreement when attributed to voices.  



Figure S4
Intra-Class Correlation Coefficients for Trait Ratings Based on Multimodal (A), Voice (B), and First Name (C) Cues. Error Bars Show 95% Confidence Intervals. Traits are Ordered Based on Overall Agreement.
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	Table S4. Top and Bottom 5 First Names for each Trait

	Trait & Rank
	Names

	Annoying
    Top 5
    Bottom 5
	
Ryan
Sophie
	
Callum
George
	
Irene
Emma
	
Jordan
Lucy
	
Norman
Hannah

	Attractive
    Top 5
    Bottom 5
	
Olivia
Norman
	
Emily
Ronald
	
Charlotte
Geoffrey
	
Sophie
Joan
	
Rebecca
Patricia

	Confident
    Top 5
    Bottom 5
	
Jack
Norman
	
Charlotte
Joan
	
James
Irene
	
Nathan
Leslie
	
Joshua
Eileen

	Easygoing
    Top 5
    Bottom 5
	
Luke
Geoffrey
	
Jack
Ronald
	
Lucy
Eileen
	
Sophie
Patricia
	
Jake
Dorothy

	Fun
    Top 5
    Bottom 5
	
Jack
Albert

	
Katie
Ronald
	
Chloe
Dorothy
	
Jessica
Margaret
	
Lucy
Joan

	Hardworking
    Top 5
    Bottom 5
	
William
Jordan
	
Arthur
Connor
	
Anne
Chloe
	
Elizabeth
Liam
	
James
Bethany

	Intelligent
    Top 5
    Bottom 5
	
Elizabeth
Callum
	
Arthur
Connor
	
William
Ryan
	
Eleanor
Jordan
	
Frederick
Chloe

	Kind
    Top 5
    Bottom 5
	
Alice
Liam
	
Grace
Ronald
	
Emily
Connor
	
Katie
Norman
	
Hannah
Frederick

	Ordinary
    Top 5
    Bottom 5
	
James
Frederick
	
David
Bethany
	
Sarah
Eleanor
	
William
Dorothy
	
Alan
Albert

	Posh
    Top 5
    Bottom 5
	
Frederick
Jordan
	
Charlotte
Ryan
	
Geoffrey
Frank
	
Albert
Connor
	
Eleanor
Alan

	Rude
    Top 5
    Bottom 5
	
Jordan
Grace
	
Nathan
Emily
	
Luke
Eleanor
	
Callum
Alice
	
Connor
Elizabeth

	Shy
    Top 5
    Bottom 5
	
Norman
Ryan
	
Dorothy
Jake
	
Eileen
Jack
	
Leslie
Michael
	
Margaret
Jordan

	Sociable
    Top 5
    Bottom 5
	
Katie
Albert
	
Jack
Ronald
	
Lucy
Geoffrey
	
Jessica
Margaret
	
Sophie
Barbara

	Trustworthy
    Top 5
    Bottom 5
	
Elizabeth
Jordan







	
Olivia
Connor
	
Hannah
Callum
	
Emma
Liam
	
Eleanor
Ryan



	Table S5. EFA Details for the Three First Impression Models

	
	Multimodal Cues
	Voice Cues
	Name Cues

	Bartlett’s test of sphericity
	834.39***
	1050.77***
	854.54***

	KMO
	.80
	.83
	.81

	Ndimensions
Kaiser’s Criterion
	4
	3
	3

	Ndimensions
Scree Test
	4
	3
	3

	Ndimensions
Parallel Analysis
	4
	3
	3

	Ndimensions
Minimum Average Partial Analysis
	4
	3
	4

	Note. *** p < .001



Alternative Dimension Reduction Approach - PCA 
Rating data in the multimodal voice and name conditions were analysed using a Principal Components Analysis (PCA) in order to allow for comparison with previous first impression models using this approach (e.g., McAleer et al., 2014; Oosterhof & Todorov, 2008). The same approach was applied to each of the three conditions – PCA with no rotation, extracting orthogonal, independent dimensions.

Multimodal Impressions
Four underlying dimensions were extracted for multimodal impressions, altogether capturing 85.7% of the total variance. Table S6 shows all dimensions with their corresponding trait loadings. The first dimension explained 39.1% of the variance and centred around traits such as friendly, king, sociable and easygoing. Similarly to the first dimension from EFA, this dimension relates to the evaluation of approachability. The second dimension explained 22.3% of the total variance and included the traits assertive, shy, confident and hardworking. This was, again, comparable to the EFA results with the second dimension capturing the evaluation of social confidence. The third dimension explained 14.4% of the total variance and had high factor loadings from annoying and ordinary. This third dimension diverges from the EFA structure and instead seems to capture how ordinary, humble or down to earth someone might be. The final fourth dimension explained another 10% of the total variance and included high loadings from posh and intelligent, which similarly to the EFA results reflects evaluations of social class and related intelligence stereotypes. As with EFA, attractiveness did not present particularly high loadings on any of the four dimensions. Overall, PCA based on multimodal impression ratings shows a very similar underlying structure to the one revealed when using EFA.

	Table S6. Underlying Structure of Multimodal First Impressions Based on PCA. Colour Intensity Represents the Strength of Trait Loading to each Dimension, with Red Representing a Positive Loading and Blue, a Negative Loading.

	
	PC1
	PC2
	PC3
	PC4

	Friendly
	.96
	.13
	.27
	.15

	Kind
	.94
	.10
	.04
	.05

	Sociable
	.90
	.36
	.38
	.07

	Easygoing
	.88
	-.01
	.28
	-.16

	Trustworthy
	.80
	.14
	-.33
	.24

	Assertive
	-.20
	.88
	-.22
	.14

	Shy
	-.55
	-.79
	-.24
	-.08

	Confident
	.64
	.76
	.18
	.14

	Hardworking
	.30
	.76
	-.42
	.38

	Annoying
	.32
	.03
	.88
	.16

	Ordinary
	-.04
	.15
	-.85
	-.16

	Posh
	.00
	.07
	.36
	.84

	Intelligent
	-.12
	.46
	-.54
	.65

	Attractive
	.37
	-.42
	.31
	.48



Voice Impressions
PCA based on voice impressions showed three underlying dimensions, accounting for 83.4% of the total variance. Table S7 shows these three dimensions together with trait loadings. The first dimension explained 47.4% of the total variance and included high factor loadings from friendly, sociable, fun and king. A high negative loadings from shy as well as positive loadings from confident and trustworthy were also observed. This replicates the first dimension from EFA, reflecting evaluations of approachability and extraversion. The second dimension explained 23.8% of the total variance and had high loadings from hardworking, intelligent and authoritative, thus capturing evaluations of competence. This second dimension includes a slightly smaller group of traits compared to the EFA results. The third dimension based on PCA diverged from the original EFA, with high loadings from attractiveness. This final dimension explained further 12.2% of the total variance.

	Table S7. Underlying Structure of Voice First Impressions Based on PCA. Colour Intensity Represents the Strength of Trait Loading to each Dimension, with Red Representing a Positive Loading and Blue, a Negative Loading.

	
	PC1
	PC2
	PC3

	Friendly
	.98
	-.08
	.06

	Sociable
	.98
	.02
	-.01

	Fun
	.96
	-.06
	-.02

	Kind
	.90
	-.16
	.23

	Easygoing
	.89
	-.28
	.22

	Confident
	.76
	.44
	-.31

	Shy
	-.74
	-.49
	.36

	Trustworthy
	.72
	.39
	.22

	Hardworking
	.24
	.91
	-.06

	Intelligent
	-.08
	.84
	.11

	Authoritative
	-.49
	.75
	-.30

	Attractive
	.04
	-.12
	.72

	Ordinary
	.01
	.50
	.66

	Annoying
	.51
	-.51
	-.52



Name Impressions
Similarly to the EFA results, PCA based on name impressions revealed three underlying dimensions (see Table S8). These dimensions explained 83.4% of the total variance. The first dimension accounted for 43.9% of the variance and had high loadings from sociable, easygoing fun and confident, reflecting the evaluation of extraversion. The second dimension explained 30.4% of the total variance and included traits such as trustworthy, intelligent, and hardworking as well as an evaluation of social class. As with the EFA results, this second dimension seems to capture the evaluation of competence, work ethic and social class. Finally, the third dimension explained another 9.1% of the total variance and had a high loading from evaluations of how ordinary someone might be. The same trait, however, had a similarly high loading on the first dimension, making this final dimension difficult to interpret. Overall, this pattern replicates the structure revealed from the EFA.

	Table S8. Underlying Structure of Voice First Impressions Based on PCA. Colour Intensity Represents the Strength of Trait Loading to each Dimension, with Red Representing a Positive Loading and Blue, a Negative Loading.

	
	PC1
	PC2
	PC3

	Sociable
	.94
	-.13
	.12

	Easygoing
	.94
	.03
	.14

	Fun
	.94
	-.15
	.08

	Confident
	.91
	.01
	-.04

	Attractive
	.89
	.26
	.26

	Shy
	-.74
	.31
	.42

	Trustworthy
	.03
	.92
	.16

	Intelligent
	-.06
	.88
	-.17

	Hardworking
	-.33
	.77
	-.40

	Posh
	-.28
	.74
	.21

	Annoying
	-.40
	-.72
	.21

	Kind
	.44
	.66
	.40

	Ordinary
	.60
	.20
	-.66



EFA Including Pretentiousness
In order to aid the interpretation of the final fourth dimension for multimodal first impressions, additional ratings of humility and pretentiousness were collected from an independent sample of participants. A group of 44 participants (12 male, Mage = 20.2, age range = 18-31, 42 British) provided ratings of pretentiousness and a group of 33 participants (7 male, Mage = 19.5, age range = 18-22, 31 British) provided ratings of humility. All participants were recruited via the local participant pool at the University of X, receiving course credit for their participation, ensuring to only recruit students who have not taken part in the previous studies. To determine whether one of these traits is a suitable label for the fourth multimodal impression dimension, factor scores were calculated for each identity using the regression approach and these factor scores were then correlated with the mean pretentiousness and humility ratings attributed to the same identities. Perceptions of humility were most strongly related to the first dimension (approachability, r(60) = .584, p < .001) with additional weaker correlations with the third dimension (competence, r(60) = .277, p = .032) and the fourth dimension (r(60) = -.364, p = .004). This suggests that humility might not be a suitable label for the fourth dimension as it seems more strongly linked with approachability or valence. Pretentiousness on the other hand was strongly correlated with the fourth dimension only (r(60) = .729, p < .001) showing compelling evidence that it captures the concept described by the traits that load highly on this dimension well. 
To further explore the suitability of pretentiousness as a label for the final fourth dimension, the same EFA was used with the addition of pretentiousness as a trait. This analysis confirmed that pretentiousness is an appropriate label for this dimension as it was the trait with the highest loading in this new EFA (see Table S9).

	Table S9. Underlying Structure of Multimodal First Impressions with Pretentiousness as an Additional Trait. Colour Intensity Represents the Strength of Trait Loading to each Dimension, with Red Representing a Positive Loading and Blue, a Negative Loading.

	
	PC1
	PC2
	PC3
	PC4


	Kind
	.96
	-.01
	.12
	.01

	Friendly
	.95
	.03
	-.14
	.01

	Easygoing
	.86
	-.01
	-.01
	-.27

	Trustworthy
	.82
	-.05
	.29
	.31

	Sociable
	.81
	.35
	-.24
	-.14

	Assertive
	-.30
	.83
	.06
	.22

	Shy
	-.41
	-.78
	.19
	.05

	Confident
	.51
	.72
	-.16
	.04

	Hardworking
	.25
	.53
	.18
	.53

	Pretentious
	-.32
	.28
	-.91
	-.03

	Annoying
	.21
	.08
	-.74
	-.19

	Ordinary
	.01
	.08
	.72
	.16

	Posh
	-.05
	-.07
	-.68
	.54

	Attractive
	.30
	-.34
	-.44
	.09

	Intelligent
	-.08
	.14
	.10
	.89



Gender Differences Analysis
Gender differences in trait ratings based on multimodal, voice and name cues were analysed with a 2 (gender, between subjects) x 14 (traits, within-subjects) mixed ANOVA. Given the low rater agreement for judgements of rudeness based on names, these data were analysed with a 2 (gender, between subjects) x 13 (traits, within-subjects) mixed ANOVA. 

Figure S5
Mean Trait Ratings Attributed to Male and Female Multimodal Identities (A), Voices (B), and Names (C). Error Bars Show Standard Error. Traits are Ordered by Gender Difference.
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For multimodal first impressions (see Figure S5A), based on face, voice and names cues, presented all at the same time, there was a significant main effects of gender (F(1, 58) = 29.67, p < .001, ηp2 = .34) and trait (F(13, 754) = 59.78, p < .001, ηp2 = .51), as well as a significant interaction between them (F(13, 754) = 8.36, p < .001, ηp2 = .13). Simple main effects revealed that female identities were perceived as significantly more attractive (F(1, 812) = 61.79, p < .001, ηp2 = .07), friendly (F(1, 812) = 26.22, p < .001, ηp2 = .03), sociable (F(1, 812) = 19.39, p < .001, ηp2 = .02), annoying (F(1, 812) = 10.80, p = .001, ηp2 = .01), trustworthy (F(1, 812) = 10.08, p = .002, ηp2 = .01), kind (F(1, 812) = 8.68, p = .003, ηp2 = .01), easygoing (F(1, 812) = 5.12, p = .024, ηp2 = .01) and posh (F(1, 812) = 4.31, p = .038, ηp2 = .01) as well as significantly less assertive than male identities (F(1, 812) = 10.12, p = .002, ηp2 = .01). As it might be expected, there were also clear gender differences in dominance perception with male identities (M = 5.12, SE = 0.13) generally perceived as more dominant than female identities (M = 4.17, SE = 0.10), t(58) = 5.76, p < 001, d = 1.49.

For voice-based impressions, the analysis showed a significant main effect of gender (F(1, 58) = 13.96, p < .001, ηp2 = .19) as well as of trait (F(13, 754) = 53.66, p < .001, ηp2 = .48). More importantly, there was a significant interaction between gender and trait (F(13, 754) = 12.88, p < .001, ηp2 = .18). Simple main effects showed that female voices were perceived as significantly less authoritative (F(1, 812) = 38.26, p < .001, ηp2 = .05), but more friendly (F(1, 812) = 31.97, p < .001, ηp2 = .04), fun (F(1, 812) = 29.75, p < .001, ηp2 = .04), sociable (F(1, 812) = 20.04, p < .001, ηp2 = .02), easygoing (F(1, 812) = 19.52, p < .001, ηp2 = .02), annoying (F(1, 812) = 15.22, p < .001, ηp2 = .02), kind (F(1, 812) = 12.89, p < .001, ηp2 = .02), and attractive (F(1, 812) = 8.29, p = .004, ηp2 = .01) than male voices. There were no significant differences for the remaining traits (Fmax = 3.03, pmin = .082, see Figure S5B).

Finally, for impressions based on first names (see Figure S5C), there was a significant main effect of gender (F(1, 58) = 4.96, p = .030, ηp2 = .08) and trait (F(13, 754) = 83.42, p < .001, ηp2 = .59), as well as a significant interaction between them (F(13, 754) = 4.59, p < .001, ηp2 = .07). Simple main effects showed that female names were perceived as significantly more attractive (F(1, 812) = 14.90, p < .001, ηp2 = .02), trustworthy (F(1, 812) = 14.32, p < .001, ηp2 = .02), kind (F(1, 812) = 13.74, p < .001, ηp2 = .05) and shy (F(1, 812) = 7.78, p = .005, ηp2 = .01) than male names.
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