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This investigation sought to find the relationships among multiple dimensions of personality and multiple features of language style. Unlike previous investigations, after controlling for such other moderators as culture and socio-demographics, the current investigation explored those dimensions of naturalistic spoken language that most closely align with communication. In groups of five to eight players, participants (N = 340) from eight international locales completed hour-long competitive games consisting of a series of ostensible missions. Composite measures of quantity, lexical diversity, sentiment, immediacy and negations were measured with an automated tool called SPLICE and with Linguistic Inquiry and Word Count. We also investigated style dynamics over the course of an interaction. We found predictors of extraversion, agreeableness, and neuroticism, but overall fewer significant associations than prior studies, suggesting greater heterogeneity in language style in contexts entailing interactivity, conversation rather than solitary message production, oral rather than written discourse, and groups rather than dyads. Extraverts were found to maintain greater linguistic style consistency over the course of an interaction. The discussion addresses the potential for Type I error when studying the relationship between language and personality.
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Introduction

The study of personality has a long history with most studies relying on self-report inventories of individual differences (see Montag and Elhai, 2019, for a historical review). One of the most dominant taxonomies of personality is the “Big Five of Personality” (McCrae and John, 1992) which is also known as the “Five Factor Model of Personality” (FFM; McCrae and Costa, 2004). The FFM is abbreviated with the acronym OCEAN which consists of these dimensions: Openness to Experience (experience seeking, education, reading widely, creativity, complexity), Conscientiousness (competence, order, dutifulness, self-discipline, dependability, and carefulness), Extraversion (warmth, gregariousness, assertiveness, enthusiasm, and positive affect), Agreeableness (trusting, straightforward, altruism, compliance, and sympathetic) and Neuroticism (anxiety, hostility, depression, self-consciousness, impulsiveness, and emotional instability; Gosling et al., 2003; Daly, 2011). Self-report measures require the design and administration of a survey, which is often disruptive and may have limited utility in predicting actual behavior (Boyd and Pennebaker, 2017). In many situations, especially those involving natural behavior, individuals will produce language that could indicate personality.

Studies of natural behavior and personality often examine the language that an individual produces. This technique has been used to infer personality from blog posts, written reflections, and day-to-day activities. Generally, these studies use language produced in solitary settings. Missing from the current literature is the role of personality in group conversation. Behavior in groups differ from monads and dyads (Levine and Moreland, 2012). Group members are not as obligated to speak as in monadic or dyadic situations (Pentland et al., 2021) and can easily engage in social loafing, which refers to a decline in individual effort in groups (Comer, 1995). With less obligation to speak, group members also have more time to prepare their speech should they decide to participate in the discussion. Moreover, when group members are motivated to speak and achieve their goals through persuasion, more presence of others during group conversations increases pressure, and individuals with certain personalities (e.g., introverts) may experience increased arousal and less smooth parallel processing if they speak in groups (Dewaele and Furnham, 1999). Within groups, participants may adopt roles, work to facilitate mutual understanding, and engage in impression management. As the technology to transcribe and process group discussion becomes more efficient and accessible, researchers will have the capability to estimate personality using language-based measures in group settings, rather than relying on self-reported data. We use this opportunity to examine relationships between personality and language production in a group setting to identify the boundary conditions of existing findings.

Daly (2011) identified several communication variables that pertain to personality that have been identified in past research and are likely very impactful in a group setting. Argumentativeness, the constructive sharing of ideas and being willing to debate them, is related to personality, as is verbal aggression, which is attacking and causing psychological pain during conflict. Compared to those who employ constructive argumentativeness, those who are verbally aggressive tend to be less open, more defensive, less flexible, and have poorer argumentation skills. Introverted individuals are also more prone to communication apprehension and conflict avoidance than extroverts. Inasmuch as our study involved a game that required conversation and debate, and shy people are less likely to talk in social settings (Garcia et al., 1991), the personality of the players should be evident through their language use and their use of nonverbal communication.

To understand personality through behavior, we conducted an experiment from a multi-cultural group interaction project in which small groups of participants (5–8 per group) participated in a multi-round, discussion-based decision-making game and completed multiple personality measures that allowed us to test whether their language patterns were influenced by personalities as compared to socio-demographics, task requirements and the like. It also allowed us to check the degree to which personality factors operated similarly or differently across the multiple cultures that were included in the sample.

Much of the prior work has used word-level measurements of written communication to measure personality. However, it is likely that personality manifests differently during interactive communication than it does when writing. There may also be useful, language-based measurements of personality at the sentence or utterance level of speech. We have access to natural language from many small group discussions that offer the opportunity to explore two questions:

1. What is the relationship between personality and language in the context of group discussion? Are existing techniques sufficient to measure personality in this setting?

2. Does linguistic style change over an interaction? Does personality moderate this?

This study contains several novel contributions to understanding the relationship between personality and language. Prior work on the relationship between personality and language has often focused on written texts that are especially amenable to study with dictionary-based analysis techniques. We seek to build on these findings in several ways. First, we are expanding analysis to a group context, which may alter participants’ proclivities to participate or not and amplify certain linguistic styles such as argumentativeness. Second, we examine spoken conversation, which may further capture participants’ typical discourse and offer a window into discourse dynamics. Third, we expand analysis to include additional measures of linguistic style that have not been covered in prior studies. These include composite measures (combinations of several features), such as lexical diversity, sentiment, and dominance, that may reflect more meaningful facets of style. Such language-based measures could lead to less expensive and less invasive measurement of personality (Boyd and Pennebaker, 2017).



Literature review


The relationship between language and personality

The relationship between language and personality has investigated questions of both language production and perceptions of personality through language (Gill, 2003). Studies on personality perception found that a variety of factors could influence the accuracy of a perceiver’s judgment of a target person’s personality, such as whether the perceiver is familiar with the target (Funder and Colvin, 1988) and whether the personality trait being judged is visible or hidden (Funder, 1995). Given the complexities of these factors, this study uses self-report instruments to measure personality and focuses on the first question of personality communicated through language production.

According to trait theory, personality refers to internal characteristics that determine behaviors (American Psychological Association Trait Theory, 2022). The behaviors in which personality is manifested cover many aspects of daily life, such as activities and locations as well as language use (Mehl et al., 2006). People’s language use is typically considered temporally stable and cross-situationally consistent in both written text (Schnurr et al., 1986; Pennebaker and King, 1999) and everyday speech (Mehl and Pennebaker, 2003), so language use satisfies the psychometric requirement for a personality variable (Ireland and Mehl, 2014). However, longer samples of discourse may be subject to contextually induced variability so that language exhibits some dynamic qualities as well.

Language use refers to content and style. Language content (e.g., percentage of words related to a topic) conveys an individual’s focus and meaning. According to the act frequency approach to personality, individuals with a trait engage in more acts that signal the trait (Buss and Craik, 1983), so the focus and meaning of their language reflects the behaviors, thoughts, and feelings congruent with their trait (Chen et al., 2020). Language style refers to the ways in which language is constructed irrespective of content, such as syntax choice and the use of function words (e.g., articles, pronouns) that form the grammatical structure. They are also useful markers of personality because function words convey information complementary to semantic meaning and indicative of traits (Ireland and Mehl, 2014). For example, the use of pronouns reflects shared knowledge between interactants and social cognition styles (e.g., attention to and interest in others) and hence may reveal personality traits like extraversion and agreeableness (Ireland and Mehl, 2014). Language styles are less constrained by the context and topic of communication. Whereas early studies on language production and personality focused on language content, researchers have called for more analysis of language styles (Ireland and Mehl, 2014). In a meta-analysis on predicting the Big Five personality dimensions with written language, Moreno et al. (2021) find the combined estimates of correlations are significant for all five traits, indicating that written language conveys personality. They also find that using both content and styles as predictors outperforms using either category.

Among the personality traits examined in relation to language production, extraversion is the most investigated trait; neuroticism is explored to a lesser extent; other traits are even less frequently investigated (Gill, 2003). One reason is that extraversion and neuroticism are the two less disputed traits, as they are common in the three-factor model of the Eysenck Personality Inventory (EPI; Katz and Dalby, 1981) and the five-factor model of personality (McCrae and Costa, 2004). Moreover, extraversion is a salient and highly visible trait (Funder, 1995). Overall, these studies demonstrate that individuals who score high or low on extraversion differ in their syntactic and semantic language behaviors. For example, extroverts tend to talk more (Gifford and Hine, 1994) and use more pronouns (including more second-person pronouns and more first-person plural pronouns), more verbs, and fewer prepositions in their speech (Dewaele and Furnham, 1999; Ireland and Mehl, 2014) than introverts. Extraversion is negatively associated with expressing tentativeness (e.g., perhaps), negations (e.g., never), exclusiveness (e.g., except, without), and inhibition (e.g., avoid) and positively associated with the use of words about positive emotion, social processes, leisure, and sex (Pennebaker and King, 1999; Ireland and Mehl, 2014; Chen et al., 2020). Dewaele and Furnham (1999) present a comprehensive review of linguistic features correlated with extraversion, and Chen et al. (2020) focus their meta-analysis on positive emotion and social process words as linguistic indicators of extraversion.

Neuroticism is found to correlate positively with immediacy in written texts, reflected by more use of first-person singular words (Ireland and Mehl, 2014) and fewer articles (Pennebaker and King, 1999). High neurotics also tend to convey more negative emotions (Pennebaker and King, 1999; Ireland and Mehl, 2014), more anxiety (Hirsh and Peterson, 2009), and negative affiliation to intimate relationships and groups (Gill, 2003) in written texts.

Linguistic behaviors associated with traits other than extraversion and neuroticism have gradually gained more academic attention. For example, Hirsh and Peterson (2009), Mairesse et al. (2007), and Lee et al. (2007) apply LIWC and its variants (i.e., a Korean version of LIWC in Lee et al. (2007)) to extract word categories that reflect topical content. They have identified several small to moderate correlations (absolute value typically smaller than 0.4) between LIWC language features and self-reported Big Five personality dimensions. Ireland and Mehl (2014) summarize this stream of literature and conclude that the linguistic markers of agreeableness include more positivity, more first-person singular pronouns, more words on social processes, home, family, and communication, and fewer words on death, money, and swearing. Indicators of openness include more articles and prepositions, fewer personal pronouns, and fewer words on family, home, and rest. Conscientiousness is negatively correlated with swearing and negative emotions.

Accompanying the study of linguistic behaviors is literature revealing the complexities of moderators. For example, public or private communication moderates the relationship between neuroticism and negative emotions because neurotic people are freer to express negativity in private than in public (Ireland and Mehl, 2014); moreover, the positive correlation between extraversion and positive emotions is stronger in public than in private, because extraversion is better revealed in public settings (Chen et al., 2020). Communication context, correspondent closeness, writing or speaking topic, gender, and facets of traits (e.g., the facets of intellect or artistic interests in openness) are also important moderators (Ireland and Mehl, 2014) which help explain some mixed findings in the literature.




Hypotheses

The studies on language in written texts give us some prior background on what to expect in the relationship between language and personality. We develop hypotheses that include the findings of prior work, with some adaptation for group interactions. Our hypotheses primarily center around sentence-level linguistic features, especially those which were neither examined in prior work nor included in LIWC but might be informative of personality (Ireland and Mehl, 2014), thus providing additional predictive power beyond language content (Moreno et al., 2021).


Lexical diversity

Lexical diversity measures the number of unique words in a passage of text. Dewaele and Furnham (2000) provide empirical evidence for a negative correlation between lexical diversity and extraversion in formal situations by analyzing speech from non-native French speakers taking a language exam. They attribute this relationship to extraverts’ lesser cognitive effort on lexical searching, so extraverts tend to use shorter high-frequency words. However, using private computer-mediated written text from English native speakers, Gill (2003) did not find such a negative correlation. It is likely that these mixed findings are because of various moderators, such as writing or speaking, spontaneity, private or public settings (Ireland and Mehl, 2014), and stress and cognitive demand. Our experiment involves spontaneous speech in public that requires cognitive effort for social deduction, so we hypothesize a negative association, which is consistent with Dewaele and Furnham (2000).

More conscientious individuals are likely to listen and attend to details (Witt and Ferris, 2003). In an interactive group setting, more conscientious participants may recall more details and use a more diverse lexicon as the discussion progresses. More anxiety leads to less lexical diversity in speech production (Höweler, 1972). Because neuroticism is positively correlated with anxiety (Muris et al., 2005), we hypothesize a negative relationship between neuroticism and lexical diversity. Openness to experience is highly correlated with fantasy, ideas, and esthetics (Compton, 1998). High openness individuals tend to be imaginative and broad-minded (McCrae and Costa Jr, 1983), so we hypothesize that these individuals display more lexical diversity to reflect their divergent thoughts.


H1: Lexical diversity is positively associated with (a) conscientiousness and (b) openness, and negatively associated with (c) extraversion and (d) neuroticism in group conversation.
 



Expressivity

Expressivity reflects the use of adjectives and adverbs and is measured by the word count of adjectives and adverbs divided by the word count of nouns and verbs (Moffitt et al., 2012). Dewaele and Furnham (1999) found that non-native French speakers who are more extraverted use more adverbs and fewer adjectives in their spontaneous speech with a researcher. Although Gill (2003) argued extraverts’ language is less formal and hypothesized consistently with Dewaele and Furnham (1999) and Gill (2003) found the opposite (i.e., extraverts use fewer adverbs and more adjectives) with computer-mediated text written in private by English native speakers. These mixed findings may also be attributed to moderators, such as writing or speaking, spontaneity, and private or public communication (Ireland and Mehl, 2014). Because our experiment involves spontaneous speech in public, we expect extraverts to use more adverbs and fewer adjectives than introverts. Overall, we hypothesize extraverts’ language is more expressive. High openness individuals often show investigative interests (Connelly et al., 2014), so we expect them to articulate extra details in their speech by using more adverbs and adjectives.


H2: Expressivity is positively associated with (a) extraversion and (b) openness in group conversation.
 



Complexity

Complexity refers to the use of big words and complex sentence structures. We operationalize lexical complexity by the number of words with six or more letters, the number of words with three or more syllables, and the average characters per word. Syntactic (sentence level) complexity is measured by common readability scores, including SMOG (Mc Laughlin, 1969), FOG (Gunning, 1969), and FRE (Crossley et al., 2011). We also use a complexity composite which accounts for both word and sentence level complexity (Burgoon et al., 2016). Conscientiousness is characterized by dutifulness and achievement striving (Yarkoni, 2011) and “interpersonally oriented behaviors that contribute to organizational goal accomplishment” (Van Scotter and Motowidlo, 1996). Because conscientious people listen more and attend to details (Witt and Ferris, 2003), they may need to reason through more information during their speech and thus display a more complex language style. Therefore, we hypothesize a positive relationship between conscientiousness and language complexity. One facet of openness is intellectual efficiency (Connelly et al., 2014), which refers to “individuals’ ability to process complex information.” Curiosity is another aspect of openness and shows “individuals’ interest in exploring and understanding novel information” (Connelly et al., 2014). Because our experiment settings require participants to collect and process information, we hypothesize that high openness individuals are more able to showcase their reasoning by reorganizing information in their speech, resulting in more complex sentence structures.


H3: Complexity is positively associated with (a) conscientiousness and (b) openness in group conversation.
 



Immediacy

Immediacy is the extent to which an individual creates psychological closeness and takes ownership of a statement. Following Wiener and Mehrabian (1968) and Burgoon et al. (2016), we measure immediacy by the number of present-tense words, future-tense words, and first-person pronouns. Extraversion is positively correlated with the use of first-person plural pronouns, which reflects extraverts are sociable and talk with others frequently (Ireland and Mehl, 2014). Overall, there is no significant correlation between extraversion and the use of first-person singular pronouns, but this relationship may be moderated by the words following first-person singular pronouns (Ireland and Mehl, 2014). We hypothesize that extraverts use more immediate language than introverts. Agreeableness has been associated with other-centeredness and social interest (Compton, 1998), so more agreeable individuals may refer less to themselves. However, more immediate language could also reflect a closer emotional connection between an individual and others and a more agreeable personality. Empirically, both Pennebaker and King (1999) and Gill (2003) found a positive correlation between agreeableness and first-person pronouns, and the review by Ireland and Mehl (2014) was consistent with these two studies. Consequently, we hypothesize that more agreeable individuals refer more to themselves.

Highly neurotic individuals show more intense self-referential processing of negative stimuli (Cremers et al., 2010), which implies they tend to relate information from the external world to themselves. Empirically, both Pennebaker and King (1999) and Gill (2003) found a positive correlation between the use of first-person pronouns and neuroticism in private written text. In contrast, naturalistic spoken language (not necessarily in groups) does not show this relationship (Mehl et al., 2006), which may be attributed to the pressure from social norms (Ireland and Mehl, 2014). Because the group setting is an understudied moderator, we will test whether the positive correlation between immediacy and neuroticism extends to groups.

The relationship between openness and language immediacy could be twofold. On one hand, high openness individuals are more intellectually curious and self-reflective (Connelly et al., 2014), which could lead to a more immediate language style. On the other hand, high openness individuals tend to seek more diverse experiences from the external world (Connelly et al., 2014), resulting in less immediate language. Empirically, Pennebaker and King (1999) found people who score high on openness use less immediate language reflected by less use of first-person singular words and less use of present tense. Gill (2003) also found a negative correlation between openness and the use of present-tense verbs. Meanwhile, they identified a positive correlation between openness and first-person pronouns, and the inconsistency with Pennebaker and King (1999) could stem from differences between the corpora in use. We hypothesize a negative relationship between openness and language immediacy, because the presence of others in groups may prompt high openness individuals to seek more information from the external world.


H4: Immediacy is positively associated with (a) extraversion, (b) agreeableness, and (c) neuroticism, and negatively associated with (d) openness in group conversation.
 



Dominance

Burgoon et al. (1998) propose that dominance is “a relational, behavioral, and interactional state that reflects the actual achievement of influence or control over another via communication actions.” To measure linguistic dominance, we use the total word count and the ratio of dominant turns-at-talk (e.g., those with “you must” or “I can”; Pentland et al., 2021). The opposite of dominance is submissiveness, which is measured by the amount of submissive turns-at-talk (e.g., seeking guidance and permission, negative self-evaluation; Moffitt et al., 2012). Extraversion is frequently associated with being sociable, talkative, and active (Barrick and Mount, 1991). Extraverts are found to write more words in computer-mediated communication (Gill, 2003). We hypothesize that extraversion is positively associated with verbal dominance because extraverts are expected to be more talkative and more actively involved in group conversation, which will lead to more verbal dominance. One facet of agreeableness is compliance (Costa Jr. and McCrae, 1995), which shows the tendency to defer to others and avoid conflicts. More compliance and less confrontation could lead to less verbal dominance (e.g., less “you must” and more permission-seeking), so we hypothesize that agreeableness is negatively associated with verbal dominance. Conscientiousness is characterized by achievement striving (Costa Jr. and McCrae, 1995) and interpersonal facilitation (Witt and Ferris, 2003). Conscientious individuals are expected to use more powerful and persuasive language to achieve their goals and engage more and speak more in group conversations. We hypothesize that conscientiousness is positively associated with verbal dominance. High openness individuals are more likely to be broad-minded and embrace different ideas (Costa Jr. and McCrae, 1995). More tolerance of different ideas could lead to less intent to persuade others, so we hypothesize that openness is negatively associated with verbal dominance.


H5: Verbal dominance is positively associated with (a) extraversion and (b) conscientiousness, and negatively associated with (c) agreeableness and (d) openness in group conversation.
 



Uncertainty

Uncertainty refers to vagueness and fuzziness in one’s language (Burgoon et al., 2016). Following Burgoon et al. (2016), we measure uncertainty by hedging words, uncertainty quantifiers, uncertainty terms in the Loughran–McDonald (LM) dictionaries (Loughran and McDonald, 2011), and weak modals. Extraverts tend to be more assertive (Barrick and Mount, 1991)and use fewer tentative words (e.g., perhaps) and more certainty words (e.g., absolute) than introverts (Dewaele and Furnham, 2000; Yarkoni, 2011). Moreover, we expect high openness individuals to use hedge and uncertainty language to express their openness to ideas (Costa Jr. and McCrae, 1995).


H6: Uncertainty is positively associated with (a) openness, and negatively associated with (b) extraversion in group conversation.
 



Sentiment

Sentiment refers to the affective or emotional state expressed in language. We measure sentiment by positive, negative, and neutral emotions extracted by existing text analysis tools, such as VADER (Hutto and Gilbert, 2014) and SentiWordNet (Baccianella et al., 2010). Other measures include word categories that are associated with positive or negative sentiment (e.g., Assent for positive sentiment, Sad and Death for negative sentiment). Extraverts are vigilant and sensitive to desirable and pleasant stimuli, so they tend to display positive emotion, which has been repeatedly confirmed by empirical studies (Chen et al., 2020). The review by Ireland and Mehl (2014) also finds a positive correlation between extraversion and positive emotion. Moreover, they identify linguistic positivity as a characteristic of agreeableness, which fits the definition of this personality trait (Gosling et al., 2003; Daly, 2011). We expect the language of high neurotics to be more negative. High neurotics convey more anxiety (Hirsh and Peterson, 2009) and negative affiliation to intimate relationships and groups (Gill, 2003) in written texts. Furthermore, the negativity may be moderated by groups. On one hand, high neurotics could take advantage of social loafing (Comer, 1995) and free riding and decrease their anxiety level, thus showing less negative sentiment. Second, the public nature of group conversations may further discourage neurotic individuals from freely expressing their negativity (Ireland and Mehl, 2014). On the other hand, more presence of others during group conversations increases pressure during speech and may cause high neurotic individuals to express more negativity. As our experiment settings motivate participants to actively speak and persuade their group members, individuals with high neuroticism may experience increased anxiety and become more negative in their speech if they decide to participate in the discussion. Ireland and Mehl (2014) claim in their review that conscientious people express less negative emotion and attribute this pattern to their self-regulation and conformity to social norms. Empirically, positive emotion is found to be associated with lower neuroticism, more extraversion, more agreeableness, and more conscientiousness (Pennebaker and King, 1999). Negative sentiment is found to be associated with higher neuroticism, lower agreeableness, and lower conscientiousness (Pennebaker and King, 1999). Mixed emotions and personality may also reflect personality (Barford and Smillie, 2016). For example, individuals with high openness have fewer extreme emotions, and their sentiment is perhaps positively related to neutrality from a measurement perspective. In summary, we hypothesize the following.


H7: Positive sentiment is positively associated with (a) extraversion, (b) agreeableness, and (c) conscientiousness, and negatively associated with (d) neuroticism in group conversation.

H8: Negative sentiment is positively associated with (a) neuroticism, and negatively associated with (b) agreeableness and (c) conscientiousness in group conversation.

H9: Neutral sentiment is positively associated with openness in group conversation.
 

Articles. Articles refer to both indefinite articles (i.e., “a” and “an”) and definite articles (i.e., “the”) and reflect linguistic formality. The use of articles is measured by the ratio of articles to total words in an utterance. Extraverts are eager to make verbal contributions in a dialogue, so they tend not to exert their efforts to organize their speech, and their language style is less formal (Gill, 2003). Some researchers have coined the term “lazy extraverts” to describe this tendency (Gill and Oberlander, 2003) which leads to less use of articles. Empirically, previous research identified a negative relationship between the use of articles and extraversion in written texts (Pennebaker and King, 1999). High neurotics’ susceptibility to anxiety could impair the functioning of their goal-directed attentional system (Eysenck et al., 2007) and manifest as less formality in speech. Previous research uncovered a negative relationship between the use of articles and neuroticism in written texts (Pennebaker and King, 1999; Yarkoni, 2011). High openness individuals’ intellectual curiosity may prompt them to discuss more about objects and events, resulting in more use of articles in their speech. Pennebaker and King (1999) and Yarkoni (2011) both find a positive relationship between openness and the use of articles in written texts.


H10: Use of articles is positively associated with (a) openness, and negatively associated with (b) extraversion and (c) neuroticism in group conversation.
 



Negations

Negations refer to words like “no,” “not,” and “never” (Pennebaker and King, 1999). We operationalize negations by the ratio of negation words to total words in an utterance. Extraversion is found to negatively correlate with the use of negations (Pennebaker and King, 1999), which could be attributed to extraverts’ inclination to present positivity and appear sociable. Agreeableness is found to negatively correlate with the use of negations (Nowson, 2006), and this relationship may be ascribed to agreeable individuals’ tendency to trust others and less willingness to confront. Pennebaker and King (1999) and Yarkoni (2011) both find a negative relationship between conscientiousness and the use of negations, which may be attributed to conscientious people’s conformity to others’ requirements (Roccas et al., 2002). Neuroticism is found to positively correlate with the use of negations (Yarkoni, 2011), and the correlation reflects high neurotics’ general emotional negativity to environmental stimulation. Openness is found to negatively correlate with the use of negations (Yarkoni, 2011) because high openness individuals embrace diverse ideas.


H11: Use of negations is positively associated with (a) neuroticism, and negatively associated with (b) extraversion, (c) agreeableness, (d) conscientiousness, and (e) openness in group conversation.
 

Table 1 lists the measurement of the hypothesized linguistic variables. Table 2 shows the hypothesized relationships between personality and language variables. The plus sign indicates a hypothesized positive correlation; the minus sign indicates a hypothesized negative correlation.



TABLE 1 Measurement of language variables in the hypotheses.
[image: Table1]



TABLE 2 Summary of hypotheses.
[image: Table2]




Methods


Participants

The research group decided to collect data from 100 participants at each locale before their global trips for data collection and ended up with 695 participants across eight sites. The difference between the planned and actual sample size was due to no-shows or technical issues. The data collection process resulted in 96 total games. We have obtained the transcripts for 47 games, which we use for this study.

Participants (N = 340; Mage = 22.84, SDage = 3.91) were primarily college students, although some participants were recruited from the general public. Data collection took place at eight public universities in the Southwestern US (8 games; n = 55), Western US (6 games; n = 44), and Northeastern US (8 games; n = 56); international sites included Israel (5 games; n = 33); Singapore (7 games; n = 52), Hong Kong (5 games; n = 39), Fiji (5 games; n = 37), and Zambia (3 games; n = 24). The US sites were associated with the Principal Investigators. The international sites were among several who were invited to participate and who received institutional approval, government approval and who had a local host to coordinate data collection. Participants were recruited via email and advertisements on public message boards. The sample was 54% female, and was ethnically diverse (although this varied by location). Participants were required to be proficient English speakers and agreed to be video-recorded. We first obtained a rough transcription using IBM Watson automated speech-to-text. The automated transcripts contained errors and did not label speakers, so they were corrected and verified by human transcribers.



Procedure

The data for this study were collected as part of a larger project investigating trust and deception in group negotiations. The data were collected between 2016 and 2018. Participants signed up for an experiment session using an online scheduling system. The sessions ranged from five to eight participants. After signing up, participants were sent an email with a unique identifier number and a link to a pre-survey, which included consent forms, cultural and psychological measures, and demographic questions. Upon arrival at the lab, participants were randomly assigned to one of eight computer stations that included a desk, a tablet with a built-in webcam, and a chair.

After all participants were seated, the experiment facilitator explained the rules of the game, and participants took part in an ice-breaker activity to get to know the other players. After this ice-breaker activity, players rated each other on several scales (see “Measures”). Participants took part in the game for an hour, during which they played between three and eight rounds. After the second, fourth, and sixth rounds, and at the end of the game, participants filled out several scales about their attitudes about the other players.



Game play

Similar to Zhou et al. (2013), we employed a version of the Mafia game, but one that more closely resembles the board game The Resistance. We pilot-tested several versions of the game and adapted the rules to best address the research questions. Figure 1 shows the progression of the game and a picture of the physical layout. Players were randomly and secretly assigned to play deceivers (called “Spies”), or truth-tellers (called “Villagers”). In games of five or six players, two were assigned to be Spies, and in games of seven or eight players, three were assigned to be Spies. The Spies were aware of who the other Spies were, but the Villagers did not know anyone else’s role. Villagers had to depend on shared information to deduce the other players’ identities within the game.

[image: Figure 1]

FIGURE 1
 Game procedures.


Players completed a series of “missions” by forming teams of varying size. At the beginning of each round, players elected a leader, who then chose other players for these missions based on who they thought would help them win the game. All players voted to approve or reject the team leader, and then voted on the leader’s proposed team. Players voted secretly on their computer, and also voted publicly by raising their hands. They were allowed to vote differently on the computer than in public, and the facilitator would announce if there was a discrepancy in public and private votes, letting participants know that deception had occurred. Those who were chosen by the leader to go on the mission team secretly voted for the mission to succeed or fail. Villagers won rounds by figuring out who the spies were and excluding them from the mission teams. Spies won rounds by causing mission failures. The team that won the most rounds was the winner of the game. In addition to compensation for participating, players won monetary rewards by being voted as leader or winning the game.

Following each leader selection and team selection vote, the facilitator would reveal the voting result and encourage a discussion if the public vote did not match the private vote. These periods contained most of the language produced by the participants. After the facilitator announced the mission outcome, players provided their opinions on why they thought the mission resulted in the way it did. Facilitators were responsible for guiding the game process, clarifying confusion, and promoting additional discussion when groups were not sufficiently communicative.



Measures


Game outcome

In Zhou et al.’s (2013) Mafia study, they operationalized deception detection success as the truth-tellers winning the game (i.e., if the truth-tellers win, they must have accurately detected deception). Similarly, in this study, game outcome was a dichotomous variable measuring whether Spies (n = 132) or Villagers (n = 208) won the game. Since there were more villagers than spies overall, they had a greater opportunity to win the game, but the outcome of the games overall was nearly a 50/50 split on spies and villagers winning.



Big 5 personality traits

As part of the pre-game survey, participants completed the Ten Item Personality Measure (TIPI) which is a short measure of the Big Five (or Five-Factor Model) dimensions, designed specifically for circumstances when very short measures are needed, personality is not the primary topic of interest, or researchers can tolerate the somewhat diminished psychometric properties associated with very brief measures (Gosling et al., 2003). The measure included extraversion (extroverted, enthusiastic; reserved, quiet–reverse-scored), agreeableness (sympathetic, warm; critical quarrelsome–reverse-scored), conscientiousness (dependable, self-disciplined; disorganized, careless–reverse-scored), neuroticism (calm, emotionally stable; anxious, easily upset–reverse-scored), and openness (open to new experiences, complex; conventional, uncreative–reverse-scored).



Additional variables

We collected several other variables during the pre-survey that we use as controls in this analysis. Specifically, all subjects were asked to complete an 18-item scale adapted from the Horizontal and Vertical Dimensions of Individualism and Collectivism (Singelis et al., 1995) and Park and Guan’s (2006) Positive and Negative Face scale to measure their cultural orientations. We also requested the subjects to report their first language. If they were not native English speakers, they were further asked when they started to learn English, and how many years they had been living in an English-speaking country. We also collected socio-demographic attributes, including gender, age, number of years of education completed, ethnicity and nationality.





Results


Software for linguistic analysis

We quantified language using LIWC2015 (Pennebaker et al., 2015) and SPLICE (Moffitt et al., 2012). LIWC uses dictionary-based measures of language and has been the primary method of inquiry into the relationship between language use and personality (e.g., Hirsh and Peterson, 2009; Yarkoni, 2011). SPLICE primarily uses part-of-speech tags to quantify language and offers additional measures of language style, such as syntactic complexity and lexical diversity. It has been used to study constructs like deception (Burgoon et al., 2016) and dominance (Pentland et al., 2021) and is a valuable tool for feature extraction to examine the relationship between personality and language styles in addition to those from LIWC. There are many similar measures between the tools. The counting of certain word types, like nouns, adverbs, and pronouns, should be relatively stable between the two. For both tools, count-based measures were divided by the total number of words.

Most studies of positive and negative emotion in relation to personality are based on LIWC categories. A limitation of this is that it does not consider context within a sentence, and it also does not consider the extremity of emotion, nor the use of neutral words. VADER (Hutto and Gilbert, 2014), a sentiment analyzer that considers sentence structure, e.g., saying something was “not good” may be scored as positive in a word-based analysis, though VADER would identify this as having negative valence. We also implement SentiWordNet via SPLICE. This uses weighted word counts to indicate the extremity of sentiment (positive, negative, or objective) for a word (Baccianella et al., 2010).



Regression analysis

We used regressions to test our hypotheses. For each language measure, we ran linear mixed-effect regressions to find the marginal effect of the personality measures and to control for individual and game-level differences. The models were specified with each linguistic measure as a dependent variable, and personality measures as the independent variables. Sex, cultural measures, the participant’s role in the game (spy/villager) and whether they won or lost the game were controlled in the regression. Random effects were specified at the game level.

Table 3 shows the personality measures that have a significant marginal effect on a language measure. Extraversion was positively associated with the amount of verbal production (Word Count/Number of Words). Greater extraversion also predicted higher levels of LIWC positive emotion, Loughran-McDonald positive words, emotional tone, and affect words (e.g., happy, cried). Taken together, extraverts were emotionally expressive speakers. The ratio of hedging adjectives and characters per word were also positively associated with extraversion, suggesting that a higher level of uncertainty and complexity was expressed through the extraverts’ language. As a result, our prediction that extraversion is positively associated with dominance and positive sentiment are supported. However, no evidence was observed to support the other hypotheses on extraversion.



TABLE 3 Regression results for LIWC and SPLICE features.
[image: Table3]

Participants high in agreeableness had a lower proportion of third-person singular pronouns (she/he) and a smaller percentage of first-person plural pronouns, death, and affiliation words in their speech. Meanwhile, the readability score, FRE, was higher for the agreeable speakers, while FOG was smaller for them. As first personal plural commonly signals verbal immediacy, our prediction on the relationship between Agreeableness and Immediacy was not supported. However, if we assume that death words (e.g., kill, coffin) generally evoke negative feelings, our hypothesis that agreeableness leads to less negative sentiment was supported. The other agreeableness-related hypotheses were unsupported.

The LIWC models show that conscientious subjects used more certain and discrepancy words. In the experiment, these words were often used when making suggestions. However, the SPLICE models reached mixed results as they report that the ratio of hedging words, which signals verbal uncertainty, is positively associated with conscientiousness. The prediction that conscientiousness is positively related to the expression of positive sentiment is somewhat supported by the SentiWordNet positivity measure, but extraversion was overall a stronger predictor of positive sentiment. No other hypotheses on conscientiousness were supported.

For neuroticism, both the LIWC and SPLICE models indicate that subjects scored higher on this dimension used a higher percentage of first-person plural in their verbal messages, suggesting a positive connection between neuroticism and verbal immediacy. However, no intuitive link can be developed between the other significant LIWC/SPLICE features and our developed hypotheses.

Finally, the most significant finding on openness is its negative association with the percentage of assent words (e.g., agree, OK, yes), which we may consider as an indicator of positive sentiment. However, none of our hypotheses on openness were supported.



Canonical correlation analysis

We also ran canonical correlations due to the possibility of overlap within the many variables under examination. When groups of variables are thought to be theoretically interrelated, as with Personality variables forming the construct Personality or linguistic variables forming interdependent dimensions of language, a good statistical method to use is canonical correlation, which shows the relationship between sets of variables. In this case, it is between the personality measures on the one hand and the verbal signals on the other hand. The purpose is to find linear combinations of X (the personality measures) and Y (the verbal signals) that have maximum correlation with each other. The result is a multiple correlation. The method is only appropriate with large sample sizes, which is the case here.

We first analyzed the SPLICE-based measures. We removed 11 measures with zero or near-zero values. To accomplish data reduction, reduce multicollinearity (e.g., multiple measures of “FOG”), and achieve greater clarity, we conducted Pearson product–moment bivariate correlations, then we conducted exploratory factor analysis (EFA) with Varimax rotation to combine measures into understandable dimensions of language. An eight-factor solution accounting for 52% of the variance produced these factors:

I.  Pleasantness/Imagery (Activation, Pleasantness, Imagery, SWN Objectivity and Number of Adverbs—Number of Nouns and Singular Mass Nouns)

II.  Complexity (Complexity composite, SMOG index, FOG index, Pausality, LWRF, Conjunctions—Lexical Diversity)

III.  Big Words (Syllables/Word, Number of Words with 6 or more Letters, Number of words with three or more syllables, Total Dominance, Accrued Dominance, Characters/Word, Number of Adjectives)

IV.  Uncertainty/Hedging (Weak Modals, LM Uncertainty, Number of Speculative Words, Hedging Adverbs, Uncertainty Hedges)

V.  Nonfluencies (Number of UmUh, Number of Um, Hedging Verbs, First Person Singular, Total Hedges, Total Disfluencies)

VI.  VADER/Agreement (Positive VADER Average, Number of Interjections, Number of Agreements, VADER Compound Average)

VII.  Immediacy (Number of Verbs, Present Tense – Vader Negative Average and Repeat Phrases)

VIII.  Submissiveness (Accrued Submissiveness, “Do not Know” Expressions, Total Submissiveness)

These eight dimensions were then analyzed with canonical correlation, with the five personality dimensions forming Set 1 and the eight linguistic dimensions forming Set 2. As can be seen in Table 4, none of the vectors formed from the combination of features is significant.



TABLE 4 Canonical correlations among five personality measures and eight dimensions formed by linguistic features.
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Because the TIPI has 4 degrees of freedom, conceivably it could be decomposed into four different linear vectors that could be correlated with various linear combinations of the verbal signals. However, our interest in the relationships in the smallest subsets of combined personality-verbal signal sets is defeated by the lack of statistical significance for the four vectors. An examination of the proportion of variance accounted for (Table 5) reveals that Set 2 Predicted by Set 1, and Set 1 predicted by Set 2 shows very little common variance.



TABLE 5 Proportion of variance accounted for among set of personality dimensions and set of linguistic features.
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The LIWC variables were likewise submitted to EFA with Varimax rotation. However, a nine-factor solution (after removal of variables with low loadings) produced several uninterpretable factors. Moreover, some variables such as Causation, We, and He/She that represent frequently relevant variables such as personal pronouns were omitted. To uncover specific individual variables that correlate with the individual personality dimensions, all LIWC variables were analyzed with simple Pearson bivariate correlations with bootstrapping (N = 1,000).

Overall, very few significant correlations emerged. The greatest number of significant correlations emerged for Extraversion, but none exceeded r = 0.22. The other personality variable to show some relationship to language was Conscientiousness (see Table 6) but, like Extraversion, showed very weak relationships, with no correlation larger than 0.21. These correlations were small enough that they might be due to Type II error and/or indicate very modest relationships between language variables and personality.



TABLE 6 Language variables with significant correlations with personality dimensions.
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What are we to make of these findings? One possibility is that there is a null relationship between language and personality, although there is enough counter evidence to challenge this conclusion. Another possibility is that language is highly dynamic, especially in a group setting, changing enough over time that it is not possible to draw conclusions about any one individual at any single point in time. In other words, an individual’s characteristic language pattern may be unique for that person but dynamic enough that it cannot be captured by a single snapshot. A third possibility is that the measures included here are simply not sensitive enough to capture personality beyond Extraversion.

It also should be evident from the variability across the SPLICE and LIWC measures that a single coding system is inadequate to represent an individual’s linguistic discourse. LIWC has greater breadth, but its simple counts of features are inadequate to capture the nuances of discourse and it has significant redundancy across its categories at the risk of Type I error. It also conflates topical content categories with syntactic ones, and SPLICE aims to reduce Type I error by combining indices into theory-driven categories but consequently may risk omitting other relevant features.



Summary of findings

Based on the analysis above, we found that many of our hypothesized relationships were not supported.

Lexical diversity: H1(a), H1(b), H1(c), and H1(d) are not supported.

Expressivity: H2(a) and H2(b) are not supported.

Complexity: H3(a) and H3(b) are not supported. We identify a positive relationship between Extraversion and complexity (measured by characters per word) using regression analysis. The relationship between agreeableness and complexity shows mixed results. On one hand, correlation analysis shows complexity is negatively correlated with agreeableness. On the other hand, regression analysis shows two measures of complexity (FRE and FOG) are significantly associated with agreeableness with opposite directions. The regression analysis shows that complexity (measured by SMOG) is negatively correlated with emotional stability.

Immediacy: H4(a) is not supported. We find a negative relationship between the use of first-person plural pronouns and Agreeableness, so H4(b) is not supported. We find a positive relationship between the use of first-person plural pronouns and Emotional Stability with regression analysis, so H4(c) is supported. H4(d) is not supported.

Dominance: Both correlation and regression analysis show Extraverts speak more, which supports H5(a). H5(b), H5(c), and H5(d) are not supported.

Uncertainty: H6(a) is not supported. From the regression analysis using SPLICE variables, we identify a positive correlation between uncertainty (measured by the percentage of hedging adjectives) and Extraversion, which is opposite to H6(b). Regression results show mixed relationships between uncertainty and conscientiousness. Regression also shows the use of hedge adverbs is negatively associated with Emotional Stability.

Sentiment: Positive emotion words in LIWC were associated with greater Extraversion, and SentiWordNet Positivity was associated with greater Conscientiousness, which supports H7(a) and H7(c). However, this was not the case with VADER sentiment. This could be the result of the nuances captured by the VADER algorithm. Natural language tends to contain more positive words, but sentence structure and negations are often used to express negative or neutral emotions even with positively valenced words. H7(b) and H7(d) are not supported. We also find Openness is negatively associated with positive sentiment (measured by the Assent word category and the percentage of agreement words).

H8(a) is not supported. Regression analysis shows a negative relationship between agreeableness and negative sentiment (measure by the Death word category), so H8(b) is supported. H8(c) is not supported.

H9 is not supported.

Articles and negations: H10 and H11 are not supported.



Post hoc analysis: Linguistic style dynamics

Given the relatively weak findings in our primary analysis, one possible explanation is that group members adapt their speech to conform to group norms. Prior work on personality and language has reported that linguistic measures of personality are relatively stable over multiple observations (Yarkoni, 2011). However, findings from dyadic communication indicate that language style likely changes over an interaction, as individuals may adjust their style to more closely match their conversation partner (Niederhoffer and Pennebaker, 2002). This seems to occur in groups, too. Review of group communication processes shows that language convergence is an important part of group performance (Van Swol and Kane, 2019). Thus, participants may have adjusted their language to the group and made it more difficult to detect distinct personalities. There may also be personality traits that moderate the extent to which individuals mimic the rest of the group rather than adhere to their own stable style.

Linguistic style matching usually measures style matching between individuals, but it can also measure linguistic style consistency by comparing within participants over the course of the game. We measured language style consistency by comparing participants to themselves in the previous round, beginning with the self-introductions. That is, a participant’s language in round 1 is compared to their language from the introduction, in round 2 their language is compared to round 1, etc. We used three different subsets of linguistic features to compute similarity. One uses the hypothesized measures in our study, another uses measures from Ireland et al., (2011), and one uses function words with pronouns excluded. Each measure yielded nearly identical results. Language similarity was measured using cosine similarity because the Ireland similarity measure is no longer guaranteed to produce values between 0 and 1 if we wish to use ratio-based measures and VADER sentiment (which ranges from [−1, 1]). This measure represents language measures as a multidimensional vector, and similarity is computed as the cosine of the angle between the two vectors. This method is commonly used to compare texts and is not subject to differences in text length.

After getting style consistency for each participant, we used hierarchical mixed-effect regressions to evaluate the ability of each personality dimension to predict language style consistency in the game. These regressions were specified like the regressions used in the previous section with the same control variables. The dependent variable is a participant’s language style consistency as compared to their own language in the previous round of the game. The resulting models are reported in Table 7.



TABLE 7 Effect of personality on style consistency.
[image: Table7]

There were 995 player/round observations. In the first regression, which did not contain controls for culture, Extraversion had a significant positive effect on style consistency over the course of the game, and agreeableness had a small, negative effect that disappeared when adding controls. Males had significantly greater language style consistency over the course of the game. For participants where English was not their native language, style consistency was significantly lower. The model also contained controls for time (“round”), and this had a positive association with style consistency as the game progressed.

To check the validity of this measure, we also ran a model where the dependent variable was a participant’s similarity to a randomly selected player in the same game during the same round. In this model, there were no variables that were significant at p < 0.05. Participants did have higher LSM scores as games progressed (r = 0.112, p < 0.001), but self-reported personality measures did not have any explanatory power.




Discussion

In this study, we evaluated new and existing linguistic measures that may be associated with personality. There were modest relationships between language and the personality measures in our study. Many of our hypotheses, derived from prior work on language, cognition, and small groups, were not supported, though we did confirm some findings on word count and pronoun usage. This was surprising, given the rich history of findings in personality and language research and our relatively large sample. There are several possible explanations for this. First, group conversation is a complex and dynamic setting, which may lead to greater variance in personality expression versus written texts often used in prior research. Participants in our study were tasked with the goal of winning a competitive game, and likely adjusted their speaking patterns to achieve that goal. In addition, the game itself probably limited the types of words that were used in the discussion. The “death” (kill, coffin) words were unlikely to come up in this context, but other words like vote, ballot, spy, villager, and mafia (the name of the game) likely came up an unusual amount. Indeed, we find that linguistic style matching between participants increases during the interaction as they adapted to one another and zeroed in on conversational styles and topics—possibly diminishing the effect of personality expression through language.

Another possibility is that personality is expressed through content rather than linguistic style. Many of the LIWC categories that showed significant relationships were topical (i.e., money, ingest, affiliation, etc.). Evidence from financial earnings calls also shows the ability to predict personality from linguistic content (Harrison et al., 2019). We do not want to understate the importance of syntax. While our results around emotion were similar to prior findings, we did not find any significant relationship between VADER sentiment and personality. This may be due to the complex expression of emotion that often includes the context of the phrase, negations, and other modifiers. When looking at style through language style matching, we find that individuals adapt their style to that of the group. Extraversion had a positive association with style consistency (i.e., language that is like the individual’s language in prior game rounds). This may be driven by Extraverts’ tendency to use more words, which could lead to other members of the group mimicking those who speak the most.

Third, our findings are likely to be somewhat conservative. We tested our hypotheses using a regression analysis with all five personality measurements and numerous control variables. This differs from much of the prior literature, which is based on correlational analysis (e.g., Pennebaker and King, 1999; Hirsh and Peterson, 2009; Yarkoni, 2011). As a result, the measures that we have identified are less likely to be the result of Type I error than what was previously reported. There is still some risk when using many regression models to test hypotheses. In a supplementary document we compare our findings as reported here with multiple value of p corrections. After corrections, fewer measures were significant. However, these corrections increase the likelihood of Type II error. Given the historical reliance on correlational analysis of the relationship between language and personality, we are already reducing Type I error with regression and canonical correlation. This is demonstrated by our own correlational analysis compared to the regressions.

We have included a supplement with a correlation-based analysis that shows a substantial amount of statistically significant correlations disappeared when tested using regressions. To further contextualize our findings, we conducted a power analysis. The data collection was designed to detect medium effects. With this sample (340 participants) one can detect an effect of r = 0.151 with 0.8 power. The correlations from Kern et al. (2014) suggests effects between |0.023| < r < |0.124|. We also calculated the required N to have 0.8 power for the same range of effect sizes. These would require 507 < N < 14,835. Also, our sample included participants from diverse cultural backgrounds, and many were non-native English speakers. Their fluency might have affected their use of modifiers, the complexity of their sentences, and their correct usage of verb tenses.



Conclusion

This study has provided several important contributions to the study of personality and language use. This is among the first to use language generated during a group interaction. We also introduce interaction-based measures (LSM), new measures and controls rather than simple correlations to improve the likelihood we are seeing real connections between language and personality traits. It may be disappointing to see that to a large extent, Extraversion, Agreeableness, and Neuroticism were the only personality traits related to language features, but when studying deception, as we were in this context, what does not work is just as important as what does work. Extraverts were more positive, more uncertain, used more complex words, and spoke more than other personality types. Agreeable personality types were less likely to use first-person plural pronouns and express negative sentiment. Neurotic individuals tended to use more first-person plural pronouns and less complex and uncertain language. With few other exceptions, these three personality types (Extraversion, Agreeableness, and Neuroticism) were more indicative of linguistic styles than any others. Our new measures and improved feature analysis as well as longitudinal measurement should be useful to other researchers to explore in other contexts.

Future research on personality measurement from group discussions should also consider several study design factors. This technique could be used in another setting where more data is available, such as an online forum or public discussions (like financial earnings calls or debates). It could also be used in a more standardized setting like video conferencing to reduce complexity compared to face-to-face interaction. Syntactic features have received little attention but could be useful in measuring personality from an individual’s text, like written statements or blog posts. Future work on personality could also use statistical tests that consider the marginal contribution of each personality dimension on language use.

There are several opportunities for future studies on language, personality, and group interactions. One line of inquiry could consider the role of personality on group-level outcomes, like productivity or cohesiveness. The context of our study was an adversarial situation—a cooperative group activity may result in more genuine behavior from all individuals in the group.
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