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Abstract 
 

Conversational convergence is the tendency for individuals to modify their phonetic 

speech behaviors to converge with the behaviors of their interlocutors. Evidence of 

conversational convergence in a native language (L1) is robust, yet research regarding its 

development in the second language (L2) is sparse. In order to examine the conversational 

convergence in spoken dialogues, we developed a natural speech corpus in which spontaneous 

conversations of 15 dyads of English learners were collected and analyzed. The conversational 

convergence in this paper focuses on the convergence of pitch, which includes the maximum, 

minimum, and average pitch as well as the pitch range. A personality measure (i.e., autism-

spectrum quotient score; AQ) and its correlation with the pitch measures were examined. The 

results reveal that in this casual board game setting, (a) an English learner tends to use higher 

f0 max, higher f0 min, higher f0 mean, and a narrower f0 range when speaking in their L2, and 

most of the pitch values (except f0 max) naturally converge; (b) personality does not directly 

influence language learners’ pitch, but it does influence their speaking rate. 

__________________________________________________ 
Keywords: pitch convergence, story-telling, autistic-spectrum quotient, L2 

 

DOI: 10.6706/TIESPJ.202112_12(2).0003



49 

Chen-Hsiu Grace Kuo 

1. Introduction 

Conversational convergence is the tendency for individuals to unconsciously alter their 

verbal and nonverbal behaviors to align with the behaviors of their conversation partner(s). The 

empirical evidence of conversational convergence in nonverbal behaviors includes gestures, 

postures, and facial expressions (Fuchs & Reichel, 2016; Lakin et al., 2003; Shockley et al., 

2003). The evidence of conversational convergence in verbal behaviors can be found at 

different levels. At the lexical and the syntactic levels, speakers tend to converge with their 

interlocutor’s choice of words (Brennan & Clark, 1996; Nenkova et al., 2008), syntactic 

structure (Reitter et al., 2006), and linguistic style (Gonzales et al., 2009; Neiderhoffer & 

Pennebaker, 2002). At the phonetic level, speakers’ pronunciation (Pardo, 2013) and accent 

(Kraljic et al., 2008) become more similar over time, and so do the delicate phonetic behaviors, 

including vocal intensity (Natale, 1975), speaking rate (Giles et al., 1991), and pitch properties 

(Babel & Bulatov, 2012; Levitan & Hirschberg, 2011). In addition to the above speech 

behaviors, conversational convergence tends to positively correlate with relationships in 

scenarios such as dating (Michalsky & Schoormann, 2017), approval-seeking (Danescu-

Niculescu-Mizil & Lee, 2011), and tutoring (Thomason et al., 2013), and with social aspects 

of conversations such as task success (Nenkova et al., 2008; Reitter & Moore, 2014), rapport 

(Nubold et al., 2021), perceived attractiveness, and likability (Michalsky & Schoormann, 2017; 

Schweitzer et al., 2017). 

Recently, studies on games and gaming (digital and non-digital) have shown that 

gameplay can be linked to learning because “participants have to understand the rules to 

proceed and the system to interact or engage with the games” (Steinkuehler et al., 2012). 

Among the different types of games, board games are useful for eliciting spontaneous speech 

in language learning in that they require participants to play face-to-face, to follow a set of 

rules, and to use playing pieces (e.g., cards, dice, tokens) and playing surfaces. In addition, 

some board games are designed for the purpose of simplifying some complex issues and 

encouraging participants to do computational thinking in an informal setting. 

In this study, we had our participants engage in a board game that requires high 

cooperation, and they had to present the output (i.e., telling a coherent story) within a limited 

time. The participants had to join two sessions – one in their native language (Mandarin) and 

the other in their second language (L2; English). We investigated the participants’ 

conversational convergence at one of the phonetic levels – more specifically, we examined 

their performance of pitch change (aka “pitch convergence”). Furthermore, we would also like 

to see whether their personality differences would influence pitch convergence; therefore, a 

personality assessment, autism-spectrum quotient (AQ), was calculated for each participant, 

and the correlations between their personality differences and the pitch measures were 

examined. The findings of this research are expected to provide a preliminary view of speakers’ 

pitch convergence in an informal but cooperative scenario, and the two main research questions 

are: 

 

(i) Does the participants’ pitch in casual speech converge differently when the languages 

in use are different? 
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(ii) Do participants’ personality differences affect their performance in conversational 

pitch convergence? 

 

The paper is organized as follows: Section 2 reviews the studies on pitch convergence. 

Section 3 presents the methodology. Section 4 discusses the results. Section 5 provides a 

general discussion. Section 6 concludes this paper. 

 

2. Theoretical Background 

 

2.1 Pitch convergence measures 

Pitch is a salient property in phonetic convergence. Pitch is a highly imitable feature, 

especially in the shadowing task (Goldinger, 1997) and imitation task (Cole & Shattuck-

Hufnagel, 2011). Fundamental frequency accommodation is constantly found in human-to-

human interaction in both “back mimicry” (i.e., a speaker uses a pitch contour used previously 

by the interlocutor) and “forward influence” (i.e., a speaker’s pitch contour is later found in the 

interlocutor’s speech) (Gregory et al., 1994; Heldner et al., 2010). A recent study by Gálvez et 

al. (2020) found that pitch is associated with how users perceive the capability of the avatars. 

Most previous pitch convergence studies focused on the imitation effect found in speakers’ 

L1 rather than in their L2. For example, tone language speakers tend to adjust their pitch to 

their interlocutors in their native language (Levitan et al., 2015; Xia et al., 2014), but the 

Mandarin Chinese speakers in Ip and Cutler’s (2020) study did not adopt such a convergence 

strategy when the stimuli were in a foreign language (i.e., English in their study). In order to 

examine pitch convergence in the native language and a second language from a holistic 

perspective, we controlled most of the social factors (e.g., gender, language proficiency, 

relationship with the interlocutor) and focused on the changes in participants’ pitch change 

with language as one of the manipulating factors. 

 

2.2 Personality measure – autistic traits 

The implement for measuring the personality difference in this study is the autism-

spectrum questionnaire (Baron-Cohen et al., 2001). The scores obtained from this 

questionnaire are called the AQ scores, and they reflect the autistic traits from five perspectives 

– social skill, attention to detail, attention switching, imagination, and communication. Cross-

linguistic comparisons demonstrated that an individual with a higher AQ score (i.e., more 

autistic traits) possessed poorer social skills, paid more attention to details, had more difficulty 

in attention switching, had poorer communication ability, and lacked imagination. Previous 

phonetic studies have shown that the autistic traits are associated with variations in speech 

production (Yu 2013), discourse processing, (Nieuwland et al., 2010; Xiang et al., 2013) and 

prosodic processing (Bishop & Kuo, 2016; Jun & Bishop, 2015). The aforementioned 

production and perception effects were closely related to the process of language learning, 

especially for second language acquisition. Therefore, autistic traits are used as a measure for 

personality difference in this study. 
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3. Methodology 

 

3.1 Participants 

Thirty (22 female, eight male) undergraduate students (age: 20 – 25) were recruited. All 

participants were native speakers of Mandarin and had English as their second language (L2). 

The participants were all English-major students who could carry on meaningful and logical 

conversations fluently in English; thus, their English proficiency level was between upper-

intermediate and advanced or even above. According to their self-reports, none had identified 

intellectual, language, or speech impairments. Participants paired up by themselves and signed 

up for the recordings as a dyad. The gender was not controlled, so some dyads were female-

male (n = 6), while others were female-female (n = 8) and male-male (n = 1). The female-male 

groups were also known as “opposite-gender” in the group gender factor, whereas the female-

female and male-male groups were labeled “same-gender.” 

 

3.2 Procedure 

Fifteen spontaneous dyadic conversations were collected. Each group participated in two 

recording sessions – first in Mandarin (L1) and then in English (L2). Each recording lasted 20 

minutes. The participants were told that their goal was to tell a complete story in the target 

language using the tangible materials provided in the board game at each session. The 

participants first discussed how to rearrange six randomly selected story cards and make a 

logical and coherent story based on the arrangement for 15 minutes, and they had to take turns 

telling the story in the last 5 minutes. There was a timer in front of them, and they were told to 

keep their conversations going until the time was up. In this study, we only examined their 

performance when they took turns telling the 5-minute story. 

The recordings were made in a quiet room. Each participant had to speak into a 

unidirectional dynamic microphone (AKG P5) in front of their mouth, and both microphones 

were connected to a Zoom LiveTrack L-8 digital mixer during the recordings. There were 

separate audio channels (one channel for each speaker), and the standard settings (48 kHz; 16-

bit sampling rate) were employed. 

 

3.3 Segmentation and labeling 

Three trained research assistants manually coded the 5-minute audio files and annotated 

the utterances by their turns and IPUS using Praat TextGrid (Boersma & Weenink, 2021). An 

IPU (inter-pausal unit) is a pause-free unit of speech separated from the others by at least 50 

ms (Levitan & Hirschberg, 2011). Maximal sequences of IPUs from one speaker’s 

uninterrupted speech make a “speaker turn.” There were five tiers in each TextGrid: Tier 1 

provided the transcription of the utterances; Tier 2 labeled the “speaker turns”; Tier 3 labeled 

the IPUs, and the types of speaker turn were labeled in Tier 4 and Tier 5 by the two different 

assistants. Figure 1 shows an annotation example. 
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Figure 1 

Annotation example 

 
Note. This 30-second fragment shows a speaker telling a story in English. Tier 1 provides the 

word-by-word transcription. Tier 2 labels where the turns are; in this example, the turn is longer 

than 30 seconds. Tier 3 labels the IPUs. Tier 4 and tier 5 show the types of turns, which are not 

discussed in this paper. 

 

3.4 Data Analysis 

 

3.4.1 Pitch convergence measures 

The measurements of the pitch feature included the measures of maximum f0, minimum 

f0, average f0, and f0 range, and they were obtained at the initial position and the final position 

of each turn. The consideration of position (i.e., turn-initial and turn-final) is to observe if 

speakers’ pitch would be more alike (i.e., pitch convergence) later in a turn. 

 

3.4.2 Personality measure 

All participants completed the autism-spectrum quotient questionnaire (AQ) before the 

recordings, and each one received an AQ score denoting the speaker’s autistic traits. The total 

score was 50, and a higher AQ score suggested that the speaker possessed poorer social skills, 

was more attentive to details and patterns, had a stronger focus of attention, had poorer 

communication ability, and lacked imagination. Spearman’s correlation coefficients were used 

to examine the relationship between the personality measure (i.e., the AQ score) and the pitch 

measures (i.e., f0 max, f0 min, f0 mean, and f0 range). 
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4. Results 

 

The four pitch measures – f0 max, f0 min, f0 range, and f0 mean – were first obtained 

from running a Praat script (Boersma & Weenink, 2021), and the extreme values were manually 

checked and fixed by three trained research assistants. Then, to make proper comparisons of 

the pitch values from men and women, the maximum f0, minimum f0, and average f0 values 

were normalized by gender using z-scores, and the f0 ranges were normalized as semitones. 

The measures were later entered into a factorial ANOVA with language (2 levels: Mandarin, 

English) and position (2 levels: turn-initial, turn-final) as the within-subject factors and group 

gender (2 levels: same-gender, opposite-gender) as the between-subjects factor. If participants 

did not treat native language and second language differently, no difference would be found in 

“language.” If participants did not have pitch convergence, no difference would be found in 

“position.” If participants used the same pitch to speak regardless of the partner’s gender, no 

difference would be found in “group gender.” 

 

4.1 Pitch measures 

 

4.1.1 Maximum pitch 

For f0 max, there was a main effect of language (F (1, 762) = 3.19, p < 0.05) and a 

statistically significant two-way interaction of group gender and position (F (1, 762) = 5.97, 

p < 0.05). More specifically, participants tended to use the higher maximum pitch when using 

a nonnative language. Furthermore, the pairwise comparisons (aka TukeyHSD) showed that 

the significant interaction mainly came from the f0 max difference at the turn-initial and turn-

final position when the interlocutor was of the opposite gender. In other words, speakers 

demonstrated high pitch at a turn-initial position and low pitch at a turn-final position. However, 

this f0 max convergence was only observed when a participant was speaking to an opposite-

gender partner. Figure 2 demonstrates f0 max displayed by group gender, language, and 

position. 
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Figure 2 

Maximum pitch (f0 max in z-score) grouped by group gender, colored by language, and 

faceted by position 

 
 

4.1.2 Minimum pitch 

For f0 min, main effects were found in language (F (1, 762) = 18.41, p < 0.05) and position 

(F (1, 762) = 34.37, p < 0.05), but not in group gender nor any interaction. Speakers tended to 

use higher f0 min in their second language than in their native language. Most importantly, 

they demonstrated pitch convergence in f0 min. Figure 3 is the visualization of f0 min displayed 

by group gender, language, and position. 
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Figure 3 

Minimum pitch (f0 min in z-score) grouped by group gender, colored by language, and 

faceted by position. 

 
 

4.1.3 Average pitch 

For f0 mean, significant main effects were found in language (F (1, 762) = 19.51, p < 0.05) 

and position (F (1, 762) = 25.04, p < 0.05), but not in group gender. The f0 mean in English 

was significantly higher than that in Mandarin; the f0 mean at the turn-initial position is 

significantly higher than that at the turn-final position. Figure 4 shows the visualization of f0 

mean by group gender, language, and position. 
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Figure 4 

Average pitch (f0 mean in z-score) grouped by group gender, colored by language, and 

faceted by position. 

 
 

4.1.4 Pitch range 

For f0 range, the three factors – group gender (F (1, 762) = 17.36, p < 0.05), language (F 

(1, 762) = 6.64, p < 0.05), and position (F (1, 762) = 16.97, p < 0.05) – all exhibited significant 

differences. Speakers tended to use a wider pitch range when interacting with a speaker of the 

same gender when they were using their native language and when the utterance made was at 

the end of a speaker turn. Figure 5 is the visualization of f0 range displayed by group gender, 

language, and position. 
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Figure 5 

Pitch range (f0 range in semitone) grouped by group gender, colored by language, and 

faceted by position. 

 
 

4.2 Autistic traits 

 

The personality difference is measured by the total score of each participant’s autistic 

traits (AQ score). Previous studies reported that males tended to have higher AQ scores than 

females; hard science students scored higher than students in humanities and social science 

(Baron-Cohen et al., 2001; Stewart & Austin, 2009). Given that our participants were all 

English-major students, the only factor under examination here was gender (2 levels: male and 

female). One-way ANOVA was performed to determine whether there was a main effect of 

gender on autistic traits. The p-value is larger than 0.05, which means there was no significant 

difference in the AQ scores between the male and female participants in this study. 

Furthermore, in order to see if autistic traits could predict the patterns of individuals’ f0 

measures, correlational analyses between the AQ scores and the four pitch measures (i.e., f0 

max, f0 min, f0 mean, and f0 range) were implemented in R. The AQ scores and the four pitch 

measures were tested for their normality with the Shapiro-Wilk test. The results showed that 

the values of these measures were significantly different from the normal distribution (p < 0.05). 

Therefore, the non-parametric correlation method Spearman correlation coefficient was used. 

The correlation results between the AQ scores and the phonetic measures from the two 

recording sessions are presented in Table 1. 
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Table 1 

Spearman’s Rho between AQ scores and the four pitch measures 

Mandarin  English  

Speaking Rate r = 0.2* Speaking Rate r = -0.28* 

f0 max r = 0.1 f0 max r = -0.035 

f0 min r = 0.21* f0 min r = 0.077 

f0 range r = -0.085 f0 range r = -0.1 

f0 mean r = 0.14 f0 mean r = -0.012 

Note. The phonetics measures from the two recording sessions are separated. The significant 

ones are labeled with an asterisk. 

 

As a comparison, the result of an additional phonetic measure “speaking rate” is reported 

in the table. The speaking rates were calculated as the number of syllables per second. A two-

way mixed ANOVA analysis with language (2 levels: Mandarin and English) as the within-

subjects factor and group gender (2 levels: same-gender and opposite-gender) as the between-

subjects factors was conducted on speaking rate, and the results revealed a statistically 

significant main effect of language (F (1, 28) = 170.57, p < 0.05), but not of group gender. 

The results of the correlational analysis in Table 1 showed that AQ scores mainly 

correlated with speaking rates (though in different directions in the two recording sessions). 

And among all the pitch measures, only f0 min had a positive correlation with AQ score when 

the language in use was Mandarin. In other words, individuals with more autistic traits tended 

to use a faster speaking rate when using their L1 but a slower speaking rate when using their 

L2. In addition, individuals with more autistic traits tended to use higher f0 min when using 

their L1. 

 

5. General discussion 

 

In this study, we examined conversational pitch convergence of Mandarin speakers in a 

casual board game setting where each individual was asked to make up a story with a partner 

based on the materials given using Mandarin and English. Table 2 below provides a brief 

summary of the statistical results on the four pitch measures. An obvious “language” effect is 

found across all measures, and the pitch convergence is found in f0 min, f0 mean, and f0 range. 

The effect of the interlocutor’s gender is only found in the f0 range. 
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Table 2 

Significant main effects of the three factors on the four pitch measures 

 Language Position Group Gender 

f0 max English > Mandarin   

f0 min English > Mandarin turn-initial > turn-final  

f0 mean English > Mandarin turn-initial > turn-final  

f0 range Mandarin > English turn-final > turn-initial same > opposite 

 

The four pitch measures and a personality measure (i.e., AQ score) were used to answer 

the two research questions: 

 

(i) Does the participants’ pitch in casual speech converge differently when the languages 

in use are different? 

(ii) Do participants’ personality differences affect their performance in conversational 

pitch convergence? 

 

The answer to the first question is yes. All the pitch measures, including f0 max, f0 min, 

f0 range, and f0 mean had language as the factor that caused significant differences. In other 

words, when speakers were in the Mandarin recording session, they spoke with a lower pitch 

(maximum, minimum, and average) and wider pitch range. The pitch range was calculated as 

the difference between the f0 max and f0 min, and this suggests that the wider pitch range in 

Mandarin should result from an extremely low minimum pitch. An explanation is that speakers 

felt more comfortable using their native language so that they tended to be more articulate and 

allowed their vocal folds to vibrate more slowly. 

Among all the phonetic measures, the f0 range was the one that showed a significant 

difference in all the listed factors (i.e., language, group gender, and position). This finding 

suggested that speakers not only had a strong tendency for pitch convergence but also tended 

to manipulate the f0 range for various purposes, such as using a different language, and 

speaking to someone of the opposite gender. Therefore, a language instructor could encourage 

language learners to manipulate their speech by lowering their pitch (especially the minimum 

pitch to widen their pitch range) when learning a new language in conversation with a partner. 

The answer to the second question is no; the correlations between the AQ scores and the 

pitch measures were weak. It appears that “speaking rate” was the measure significantly 

associated with autistic traits in both the Mandarin and English recording sessions, and “f0 min” 

in the Mandarin session was the only pitch measure that had a positive correlation with autistic 

traits. As shown in Table 1 in section 4.2, there is a tendency for speakers with a timid 

personality (i.e., those with a higher AQ score; aka introverts) to speak faster than extroverts 

when using their native language (rho = 0.2). Nevertheless, introverts tended to speak more 

slowly than extroverts when using a second language (rho = -0.28). This finding suggests that 

a speaker’s personality has a direct influence to their speaking rate, but not on their pitch. A 

similar finding was reported in Xiao et al. (2015) where they found that therapists’ empathy 
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toward patients correlated with their speaking rate but not with the other phonetic measures. 

Therefore, a language instructor might consider measuring the learners’ levels of autistic traits 

prior to the instruction and encourage those with higher AQ scores (aka the introverts) to 

enhance their fluency or confidence level when speaking a second language. 

 

6. Conclusion 

 

This study used informal board gameplay to capture conversational pitch convergence in 

a storytelling context. The findings demonstrated that speakers showed pitch convergence in 

f0 min, f0 mean, and f0 range when using different languages, and their personalities did not 

directly affect their pitch performance but played an essential role in their speaking rates. The 

finding is expected to contribute to the study of L2 acquisition and human-machine interaction 

by emphasizing the importance and the interaction of pitch, language, speaking rate, and 

personality. 
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