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Abstract 

  On a daily basis, we engage in multiple conversations with others that seem to occur 

effortlessly. Despite this apparent ease, the cognitive processes involved in conversation are 

complex. The challenges associated with conversation include comprehending our partner while 

simultaneously planning our own contributions and ensuring that what we say is appropriate to 

the conversational context. The paradoxical ease of this cognitively demanding activity suggests 

that we may employ a specialized mechanism when engaging in conversation. This dissertation 

investigates two potential processes that may be involved during social interaction: 

conversational prediction and alignment. Chapters 2 and 3 of this thesis investigate the perceptual 

conditions that are necessary for making predictions during conversation. In particular, we 

investigate how the availability of information influences how we are able to predict a turn 

exchange during conversation. We present findings that demonstrate that perceivers can predict 

upcoming turn exchange behavior between two talkers. Further, we suggest that auditory and 

visual cues serve distinct roles in the predictive processes involved in conversation. Chapters 4, 5 

and 6 investigate behavioral alignment in social interaction. In general, it has been shown that 

conversing talkers align several aspects of their behavior. Talkers have independently been shown 

to become similar in linguistic attributes such as the words they use and nonlinguistic attributes 

such as their movement patterns during an interaction. Here, our findings demonstrate that 

talkers, in fact, align multiple attributes during a single conversation. In addition, there are 

relationships between alignment behavior within these attributes; when talkers become similar 

within one attribute, they are more likely to become similar within another attribute. Further, we 

show that this alignment behavior is influenced by the relationship between talkers suggesting 

that social factors play a significant role in our conversational behavior. Taken together, this 

dissertation demonstrates that prediction and alignment behavior are key features of 
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conversational interaction. In particular, we demonstrate that the informational and social context 

of a conversation determine how these important processes operate. These findings have 

important implications for the identification of the specific underlying mechanism that is 

responsible for ensuring the success of our daily communication.  
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Chapter 1 

General Introduction 

1.1  Introduction 

  On a daily basis, we engage in numerous conversations. We effortlessly exchange ideas 

and flexibly adjust how we speak depending on the social context. Despite the relative ease with 

which we engage with others, conversation is a rather cognitively complex interactive activity. 

Several potential challenges that are posed by conversation include planning future utterances 

without direct knowledge of how the interaction will unfold, interpreting fragmentary utterances 

that contain missing information and ensuring that what is being said is appropriate in the context 

of whom is being addressed. Further, we must plan what we will say while simultaneously 

comprehending our partner and ensure that we speak at the appropriate moment (Garrod & 

Pickering, 2004). The paradoxical ease of this cognitively demanding activity suggests that we 

may employ a specialized mechanism when engaging in conversation.  

  It is clear that the contributions of the individuals engaged in conversation are 

harmoniously interwoven; interlocutors produce speech based on feedback from their partner, 

each reciprocally shaping the trajectory of the conversation (Clark & Brennan, 1991). There is no 

doubt that the language production and comprehension processes involved in conversation are 

interrelated. Indeed, there is considerable evidence for such a claim. For instance, imaging studies 

have demonstrated overlapping activations for both speaking and listening at different linguistic 

levels (Menenti, Pickering, & Garrod, 2011; Sagaert, Menenti, Weber, Petersson, & Hagoort, 

2011) and the bidirectional influence of comprehension and production on one another is well 

documented (for review, Casserly & Pisoni, 2010).  Yet, most traditional models of language 
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processing have approached language production and comprehension as mainly separate 

behaviors.  

1.2  Traditional Models of Language Production and Comprehension  

  Traditionally, the processes of language production and comprehension have been 

thought of as quite distinct from one another. Such models have assumed discrete stages where a 

talker produces a message and another comprehends what is said in a serial manner (Pickering & 

Garrod, 2013). In such accounts, the processes of production and perception are modular with 

respect to one another; each individual process does not take advantage of the other (e.g., Dell, 

1986; MacDonald, Pearlmutter, & Seidenberg, 1994). In fact, the modularity of these processes 

has most notably been supported by the classic Lichtheim-Broca-Wernicke model which assumes 

distinct anatomical pathways for production and comprehension (for review, Tremblay & Dick, 

2016). Thus, the two processes have often been studied in isolation in studies of language.  

  Very little research in language comprehension has incorporated production processes. 

For example, in studies of word and sentence processing, the production process is hardly 

referenced (e.g. Marslen-Wilson & Welsh, 1978; MacDonald et al., 1994). The most common 

way to study language comprehension is by presenting isolated sentences and words and 

determining the factors that influence this process (e.g., memory capacity, contextual information, 

ambiguity; Daneman & Merikle, 1996; Charniak, 1983; MacDonald et al., 1994). On the other 

hand, some models of language production have incorporated comprehension, but only in the 

context of self-monitoring one’s own speech at a sound-based level (Levelt, 1983). It is assumed 

that when speakers produce speech, they monitor their output using the comprehension 

mechanism to ensure that the intended message is transmitted (Fromkin, 1973). However, these 

models have often not involved word and sentence comprehension, as would be necessary to 

understand language processes during conversation.   
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 Despite the separation of the two processes in models of language, numerous studies have 

explicitly demonstrated that comprehension and production interact directly. For example, it has 

been shown that people are faster at producing words that are semantically related to words they 

have just heard (e.g., Cleland & Pickering, 2003). Further, when participants are listening to 

speech, there is activation in tongue and lip muscles demonstrating a direct interaction between 

the two processes (Fadiga, Craighero, Buccino, & Rizzolatti, 2002; Watkins, Strafella, & Paus, 

2003). It should, however, be noted that these interactions are not simplistic; rather the two 

processes influence each other in a complex manner that is often modulated by the specific 

speech-related activity (c.f., Hickok, 2009; Hickok, 2014).  Patterns of neural activity supporting 

the relationship between production and comprehension processes have been shown; increased 

activation of brain areas associated with production have been demonstrated at all levels of 

language comprehension from single words (Scott, McGettigan & Eisner, 2009) to complete 

narratives (Wilson, Molnar-Szakacs, & Iacaboni, 2008). Thus, given the findings of linked 

production-comprehension processes, it is apparent that a more interactive model is needed to 

explain the mechanisms involved in conversational interaction.  

  The most recent proposal of mechanisms involved in conversation have integrated 

language production and comprehension processes as a form of perception-action coupling 

(Pickering & Garrod, 2004; Pickering & Garrod, 2013). Within this model, comprehension is 

regarded as the ‘perception’ system and production is regarded as the ‘action’ system. It has been 

argued that during conversation, interlocutors perceive the actions of their partner and use that 

information to both plan their own actions and make predictions regarding their partner’s future 

behavior.  
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1.3  The Perception-Action Coupled Prediction Mechanism 

 A perception-action based model has already been established in the study of general 

motor control. It is widely believed that when an individual performs movements, representations 

of their intended motion are created in order to predict the act of movement and its perceptual 

experience before executing the movement itself. Comparisons are then made between the 

predicted and actual movement to guide any necessary corrections (Wolpert, 1997; Wolpert & 

Flanagan, 2001). Thus, there is a tight coupling between the perception and action systems, 

allowing the achievement of motor goals. This model has been specifically applied to speech and 

language production where talkers form predictions of their own speech and make corrections to 

their output to ensure their intended message is transmitted at the sound, word, and sentence level 

(Kawato, 1989; for review, Postma, 2000). Several researchers argue that such a mechanism can 

be applied to conversation as well (Wilson & Knoblich, 2003; Wolpert, Doya, & Kawato, 2003); 

an interlocutor creates a representation of their partner in order to predict their actions during the 

interaction. This is done by covertly imitating the actions of the other person and using one’s own 

personal perceptual experience1 of performing those same actions to form predictions. By 

actively anticipating their partner’s behavior, interlocutors are in a state of readiness to act when 

it is their moment to contribute.  

  There are several lines of evidence for the involvement of predictive processes in 

language. People are faster at processing more predictable words than less predictable ones 

(Delong, Urbach, & Kutas, 2005) and are faster at naming words that are semantically (Altmann 

& Kamide, 1999) and syntactically (Staub & Clifton, 2006) predictable to the context of the 

sentence. Further, when participants are processing words in a sentence referring to several 

objects, their eye movements predictably look at a referenced item before it has been heard 

                                                        
1	  The individual attempts to tune their personal experience specifically to the person they are interacting 
with based on factors unique to that individual (Pickering & Garrod, 2013).  
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(Kamide, Altmann, & Haywood, 2003). In the direct context of conversation, it has been 

suggested that interlocutors predict their partners’ language at these different linguistic levels 

(e.g., lexical, semantic and syntactic) and use those predictions to coordinate their contributions 

into a seamless conversation (Pickering & Garrod, 2013).  

  The most convincing evidence that such prediction occurs during conversation is 

presented by studies examining turn exchange behavior during conversation. When talkers have a 

conversation, they leave extremely short intervals between their turns that are close to 0ms 

(Stivers, Enfield, Brown, Englert, Hayashi, Heinemann et al., 2009; Wilson & Wilson, 2005). 

This is far shorter than the time it takes to produce a single word from conception to production 

(Indefrey & Levelt, 2004) and shorter than the inter-word pauses in speech spoken by the same 

speaker (ten Bosch, Oostdijk & Boves, 2010). These quick turn exchanges suggest that listeners 

are able to predict the end of their partner’s turn in order to be prepared to speak when it is the 

appropriate moment. Evidence from EEG studies show that planning of a response by the listener 

begins well before the talker has finished speaking (Magyari, Bastiaansen, & de Ruiter, 2014) and 

the ability to predict is influenced by the linguistic content (e.g., lexical and syntactic 

information; de Ruiter, Mitterer, & Enfield, 2006). Further, when listeners are observing 

conversing individuals, their eye movements demonstrate that they look at the upcoming speaker 

before they have begun speaking (Tice & Henetz, 2011; Casillas & Frank, 2012; Holler & 

Kendrick, 2015). Other indications of conversational prediction include preparatory respiratory 

patterns by talkers in anticipation of their turn (McFarland, 2001; Rochet-Capellan, & Fuchs, 

2014) and the tendency for talkers to complete each other’s sentences (Kim, 2003).  

  Given the evidence for conversational prediction which is achieved through tightly linked 

comprehension (or ‘perception’) and production (or ‘action’) processes, an interactive account of 

conversation has been proposed. Pickering and Garrod (2004) have suggested in their Interactive 

Alignment Account that because interlocutors rely on shared representations of one another in 
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order to make predictions, their conversational behavior becomes aligned as a consequence. They 

argue that the coupling between comprehension and production leads to alignment at multiple 

linguistic levels, facilitating conversational prediction. ‘Interactive Alignment’ has been proposed 

as the mechanism by which we achieve well-coordinated and effortless interaction.  

1.4  The Interactive Alignment Account 

 According to the interactive alignment account, when people engage in conversation, 

they form representations of one another at multiple levels (e.g., words, grammar; Pickering & 

Garrod, 2004). Because of the close link between comprehension and production, these processes 

become coupled between talkers such that comprehension and production rely on the same 

representations (Pickering & Garrod, 2013). Neural processes form the basis of this coupling 

during conversation, where interlocutors’ brain activity becomes synchronized (Hasson, Chen & 

Honey, 2012). This coupling of representations results in an unintentional, non-negotiated 

alignment of conversational behavior. Because interlocutors begin speaking about the same things 

in the same manner, they become increasingly easier to predict, resulting in effortless 

conversation (Pickering & Garrod, 2013). In this account, when representations at all levels of 

conversation become aligned, successful conversation is achieved (Pickering & Garrod, 2004; 

Menenti et al., 2012).   

  Evidence of alignment has been previously demonstrated at all levels of conversation. At 

the broad situational level, interlocutors become aligned on spatial reference frames such that if 

one speaker refers to an object egocentrically (e.g., if the object is located to one’s left), then the 

other speaker tends to use an egocentric perspective as well (Schober, 1993; Watson, Pickering & 

Branigan, 2004).  Further, alignment also occurs at the lexical and syntactic level. At the lexical 

level, interlocutors come to refer to particular objects using the same expression (Garrod & 

Anderson, 1987). At the syntactic level, interlocutors repeat the same syntactic or grammatical 
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structure as their partner (Branigan, Pickering, & Cleland, 2000). Alignment at low levels of 

language have also been reported. For example, at the phonetic level, acoustic properties of 

speech (e.g., pitch) become more similar between talkers over the course of conversation (Pardo, 

2006).  

  Although the original realization of the interactive alignment account referred to 

alignment in only linguistic representations, non-linguistic alignment has since been incorporated 

(Garrod & Pickering, 2009; Menenti et al., 2011). Body posture, gestures (Kelly, Ozyurek, & 

Maris, 2009) and gaze (Richardson & Dale, 2005) are considered important aspects of 

conversation that contribute to overall conversational comprehension and communicative success. 

Alignment in several non-linguistic attributes has also been demonstrated. For example, it has 

been demonstrated that talkers couple their gaze to look at the same referent locations 

(Richardson & Dale, 2005). Further, interlocutors align their body postures (Shockely, Richarson, 

& Dale, 2009) and coordinate their overall movement (Latif, Barbosa, Vatikiotis-Bateson, 

Castelhano, & Munhall, 2014) when they engage in conversation.  

  A key feature of the interactive alignment account is that not only does alignment occur 

at all levels of representation but an increase in alignment at one level percolates to other levels in 

a bi-directional manner (i.e., alignment in high-level syntax may lead to alignment in low-level 

phonetics and vice versa; Pickering & Garrod, 2004). However, few studies have provided 

experimental evidence of such a relationship. Branigan and colleagues (2000) demonstrated that 

syntactic alignment was enhanced with lexical alignment; talkers were more likely to adopt their 

partner’s sentence syntactic construction if the sentence the talker produced contained the same 

lexical item as one used in their partner’s sentence.  In another study, it was shown that when 

participants aligned on the same words), they were more likely to align their eye movements as 

well (Dale, Kirkham, & Richardson, 2011).  
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  The interactive alignment account is built on several pieces of evidence indicating that 

alignment in conversation indeed occurs. However, descriptions of the account downplay the 

social role of interlocutors. It is argued that in order for alignment to occur, interlocutors’ need 

not form representations of their partner’s mental state (Pickering & Garrod, 2004) although the 

authors do not assume such factors are entirely irrelevant. It has been demonstrated numerous 

times that how we converse differs as a function of whom we are speaking to and the social 

context that the conversation takes place in. Further, a number of studies have shown that 

alignment is directly influenced by specific properties of the interlocutors involved. 

1.5  Social Influences on Conversational Alignment 

  The social context and the people with whom we interact play a significant role in how a 

conversation proceeds. Interlocutors modify how they speak depending on the appropriateness to 

their partner and the context in which the conversation occurs. For instance, talkers modify 

features of their speech depending on the gender (Hannah & Murachver, 1999) and relationship 

(Tannen, 1984) of their partner, formality of the situation (e.g., formal vs. casual conversation; 

Eggins & Slade, 2005) and ongoing conversational goals (Kraut, Fussell, & Siegel, 2003). It is 

therefore not surprising that observed alignment in conversation is also influenced by such social 

factors. It has been shown that talkers with greater rapport display more aligned movement 

behavior than those with less rapport (Grahe & Bernieri, 1999). Further, greater cooperation and 

pro-social interlocutor disposition are related to greater alignment in both movement and speech 

properties such as speaking rate (Manson, Bryant, Gervais, & Kline, 2013; Lumsden, Miles, 

Richardson, Smith, & Macrae, 2012). The relationship between interlocutors has also been shown 

to influence the amount of aligned behavior. For example, talkers couple their body motion with 

individuals they consider part of their social group more than outgroup members (Miles, 

Lumsden, Richardson, & Macrae, 2011) and friends coordinate their movement more to each 
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other than to strangers (Latif et al., 2014; Golland, Arzouan, & Levit-Binnun, 2015). It has also 

been proposed that aligned behavior may contribute to conversational ease. It has been suggested 

talker alignment may serve a social function during conversation; perceiving aligned behavior 

may contribute to achieving mutual understanding (Clark, 1991) and establishing rapport 

(Shepard, Giles, & Le Poire, 2001). Overall, conversational alignment certainly must be 

investigated within the context of social factors.   

1.6  Thesis Outline 

  This thesis comprises a series of studies that investigate the role of prediction and 

alignment in natural conversation. The general aim of this thesis was to characterize the nature of 

both predictive conversational behavior and conversational alignment at multiple levels during 

interaction. This broad question was investigated by addressing three specific aims. The first aim 

addressed the influence of information when predicting turn exchanges during conversation. The 

second aim focused on alignment at several levels of conversation and how those levels related to 

one another. The final aim addressed social influences on conversational alignment and 

perception of aligned behavior. 

1.6.1  Specific Aim 1 

  It is well established that during conversation, interlocutors are able to predict an 

upcoming turn exchange (Levinson, 2016). It has been proposed that this ability to predict the 

appropriate time to speak contributes to well-coordinated and effortless conversation (Garrod & 

Pickering, 2004). However, one of the cognitive challenges in conversation is being able to 

incorporate multiple sources of auditory and visual information in an online manner. In studies of 

speech and language, it has been demonstrated that the availability of both auditory and visual 

information is necessary for communicative efficiency; having access to visual information from 

the talker’s face (Sumby & Pollack, 1954) and visible gestures enhance comprehension (Kelly et 
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al., 2009) and facilitate task completion (Kraut et al., 2003). Despite this demonstrated 

importance, prediction of turn exchanges has only been examined in the auditory domain (eg., de 

Ruiter et al., 2006). Thus, it is yet to be investigated how the availability of auditory and visual 

information influences prediction during natural conversation  

  In Chapter 2, we investigated the role of auditory and visual information when 

anticipating an upcoming turn exchange. Further, we asked whether visual information from the 

speaker or the listener was most important when predicting the end of a turn. In Chapter 3, we 

examined the role of auditory and visual cues when timing a response to the end of a turn and 

determined when over the course of a turn exchange these information sources influence turn 

exchange prediction.  

1.6.2  Specific Aim 2 

  Several studies have demonstrated that when interlocutors engage in interaction, there is 

alignment in their behavior at several conversational levels. The interactive alignment account 

outlined previously proposes that this alignment is the key to effortless conversation (Pickering & 

Garrod, 2013). One of the key facets of this account is that alignment that occurs at one level of 

conversation leads to alignment at other levels of conversation. However, aside from a small 

number of studies, this relationship has not been greatly examined. Further, the only studies that 

have investigated the relationship between, at most, two levels of conversation have done so 

using task-based scripted dialogue where the complexity seen in the unpredictability of natural 

conversation has been eliminated (Branigan et al., 2000; Dale et al., 2011). Although studies 

using such controlled tasks can inform about how syntactic and lexical choices can be primed 

between talkers, they do not address how alignment at multiple levels of conversation is achieved 

during a natural conversation.  

  In Chapter 4, we manipulated two linguistic factors, lexical items and syntactic form, to 

observe how talkers aligned in these aspects during a natural conversation. We examined the 



 11 

incidence of movement, phonetic, lexical and syntactic alignment between interlocutors. We 

further examined the relationship between these levels. We determined whether alignment at one 

level was related to alignment in another level in support of Garrod and Pickering’s (2004) 

interactive alignment account.       

1.6.3  Specific Aim 3 

  The interactive alignment account does not fully incorporate social influences on 

alignment during conversation. However, there is evidence that alignment can be influenced by 

several social factors in conversation. One important factor that is known to influence behavioral 

alignment is the relationship between interlocutors. It has previously been demonstrated that 

friends coordinate their movements during conversation more than strangers. Given that there 

may be a relationship between different conversational levels, it is possible that affiliation (i.e., 

friends versus strangers) may similarly influence alignment in speech.  Further, it has also been 

suggested that perceived alignment influences the success of conversation (Clark & Brennan, 

1991) and may influence perceivers’ decisions to engage in interaction and form affiliations 

(Over & Carpenter, 2013).  

  In Chapter 5, we investigated whether the relationship between talkers influenced the 

amount of phonetic alignment over the course of a conversation. Perceived similarity and acoustic 

factors were measured to determine whether, as with movement coordination, friends acoustically 

aligned more than pairs of strangers. Finally, in Chapter 6, we examined how perceived 

movement coordination influenced participants’ ability to identify affiliation between 

interlocutors. 
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Chapter 2 

Seeing the Way: The Role of Vision in Conversation Turn Exchange 

Perception 

2.1  Abstract 

During conversations, we engage in turn-taking behavior that proceeds back and forth effortlessly 

as we communicate. In any given day, we engage in numerous face-to-face interactions that 

contain social cues from our partner and we interpret these cues to rapidly identify whether it 

appropriate to speak. Although the benefit provided by visual cues has been well established in 

several areas of communication, the use visual information to make turn-taking decisions during 

conversation is unclear. Here we conducted two experiments to investigate the role of visual 

information in identifying conversational turn exchanges. We presented clips containing single 

utterances spoken by one individual engaged in a natural conversation with another. These 

utterances were from either right before a turn exchange (i.e., where the current talker would 

finish and the other would begin) or were utterances where the same talker would continue 

speaking. In Experiment 1, participants were presented audiovisual, auditory-only and visual-only 

versions of our stimuli and identified whether a turn exchange would or would not occur. We 

demonstrated that although participants could identify turn exchanges with unimodal information 

alone, they performed best in the audiovisual modality. In Experiment 2, we presented 

participants audiovisual turn exchanges where the talker, the listener or both were visible. We 

showed that participants suffered a cost at identifying turns exchanges when visual cues from the 

listener were not available. Overall, we demonstrate that although auditory information is 

sufficient for successful conversation, visual information plays an important role in the overall 

efficiency of communication.  
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2.2  Introduction 

  Our everyday conversations are characterized by a well-organized structure involving a 

system of coordinated turn-taking behavior. This turn coordination process is rapid and largely 

composed of non-simultaneous speech that minimizes gaps between talkers (Stivers, Enfield, 

Brown, Englert, Hayashi, Heinemann, & Levinson, 2009; de Ruiter, Mitterer, & Enfield, 2006; 

Levinson, 2016). That is, during conversation, talkers switch their role quickly and efficiently; the 

timing of this switch behavior is, in fact, shorter than the time it takes to produce speech from 

conception to output (Indefrey & Levelt, 2004), shorter than inter-utterance pause time from 

speech from a single talker (ten Bosch, Oostdijk, & Boves, 2005) and even faster than simple 

reaction time (Wilson & Wilson, 2005). In order to achieve such rapid timing, the listener must 

be able to perceive and utilize available cues indicating a potential upcoming turn exchange 

before the talker has finished their turn. Indeed, it has been shown that listeners use available cues 

to begin planning their response several hundred milliseconds before the speaker has stopped 

speaking (Magyari, Bastiaansen, de Ruiter, & Levinson, 2014; Bögels, Magyari, & Levinson, 

2015). Failure to use these cues efficiently to accurately identify the appropriate moment to 

switch roles during conversation results in interruptions and long inter-turn latencies (i.e., silent 

pauses). In many cultures, such conversational violations are generally perceived to be indicative 

of inefficient communication and inappropriate communicative social protocol (Nenkova, 

Gravano, & Hirschberg, 2008; Clark & Brennan, 1991; Hawkins, 1991).  

   Previous studies have identified a range of possible cues that both talkers and listeners 

display as the end of a turn approaches. Talkers demonstrate that their turn is coming to a close 

using turn-yielding cues, such as specific lexical terms and syntactic structure, as well as a 

reduction of pitch, intensity and speech rate towards the end of a turn (Levinson, 2016; Duncan, 

1972; Gravano & Hirschberg, 2011). Further, they reduce their overall motion, establish direct 

eye contact and position their body toward the listener (Bavelas, Chovil, Coates, & Roe, 1995; 
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Kendon, 1967; Kendon, 1972; Thomas & Bull, 1981). Listeners, on the other hand, may produce 

specific turn-taking behavior to communicate their desire to contribute, such as reciprocating eye 

contact and making preparatory movements of the head (Kendon, 1967; Hadar et al. 1984). Given 

that these observed behavioral regularities occur during turn-taking, it is possible that these 

regularities are used to perceive turn exchanges during conversation. However, studies examining 

how the perceiver (i.e., the listener) uses information from the talker have yet to identify what 

cues from the full range available during conversation are necessary and sufficient for the 

identification of an upcoming turn exchange.  

  Previous experiments examining the perception of turn exchange events have mostly 

focused on the linguistic and auditory cues needed to perceive whether a talker was about to 

conclude their turn. Studies have investigated recognition of turn exchanges by examining the 

contribution of semantic content, such as lexico-syntactic cues (i.e., how words within a sentence 

are structured at the end of a turn), and prosodic features, such as the pitch and duration of turn-

ending words (for review, Levinson, 2016). For example, in one study looking at the role of 

semantic information in turn-taking behavior, de Ruiter et al. (2006) presented participants with 

single sentences from conversations where the auditory signal had been low-pass filtered to 

eliminate or minimize intelligible speech. Participants were asked to determine the occurrence of 

a turn exchange event2 by pressing a button at the moment they thought the current speaker’s turn 

had ended. Performance on this task was poorer in the filtered condition compared to the non-

manipulated auditory condition (de Ruiter et al., 2006). This suggests that the meaning of what is 

being said is important for determining that a turn exchange was about to occur3. Further, 

                                                        
2	  A turn exchange event is defined as the moment at which the current speaker finishes their contribution 
and their partner (i.e., the current listener) is about to begin speaking. 	  
3 It should be noted that in this study, acoustic filtering was used to manipulate semantic information and 
thus it is possible that other auditory cues unrelated to the semantic content were also influenced. However, 
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perceivers are able report the exact words that will be used by the speaker to conclude the turn 

(Magyari & de Ruiter, 2012). This suggests that not only do perceivers know when a turn 

exchange will occur, they are also able to anticipate about how it will occur. 

  It has also been shown that prosodic cues can be used to detect upcoming turn exchanges; 

both the overall pitch of speech and the duration of turn-ending words enhance turn exchange 

recognition (Riest, Jorschick, & de Ruiter, 2015; Ohsuga, Nishida, Horiuchi, & Ichikawa, 2005) 

Further, the accuracy of turn exchange perception decreases when the vocal pitch of an utterance 

is flattened (Riest et al., 2015). In addition, perceivers are more likely to report an upcoming turn 

exchange when the words ending a sentence are uttered with a longer duration than a shorter one 

(Ohsuga et al., 2005). However, it has been shown that participants only rely on prosodic 

information when semantic information is unavailable (Grosjean, 1996), suggesting that 

information use in turn exchange perception can be flexibly modified for different contexts.  

 Although a number of studies have explored the auditory cues that are needed to 

recognize an upcoming turn exchange, less is known about the extent to which visual information 

influences turn exchange perception. Most of our daily interactions take place in face-to-face 

contexts in which seeing the talker conveys rich visual information that significantly contributes 

to successful communication. Visual cues have been shown to provide increased speech 

comprehension in noisy environments (Sumby & Pollack, 1954) and have even been shown to 

alter auditory percepts (McGurk & MacDonald, 1976). When considering the perception of 

emotional expression cues available during conversation, perceivers have demonstrated faster and 

more accurate categorization of emotion when relying on visual information in comparison to 

auditory information (Collignon, Girard, Gosselin, Roy, Saint-Amour, Lassonde, & Lepore, 

2008). Further, visual cues influence speech production in social interactions (Dias & Rosenblum, 

                                                                                                                                                                     

the authors conducted other kinds of acoustic manipulations as comparison to support their claim of high 
reliance on semantic information.  
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2011) and are considered essential to achieving high efficiency and accuracy when completing 

collaborative conversational tasks with a partner. In an experiment where participants had to 

interact with a partner to teach them how to fix a broken object (e.g. repairing a bicycle), having 

access to visual cues from their face and hands was essential for efficient task completion (Kraut, 

Fussell & Siegel, 2003).  A small number of studies have indirectly suggested that visual 

information may play a role in turn exchange perception. For example, one study conducted by 

Rose and Clarke (2008) showed that perceivers are able to identify which of two people engaged 

in a conversation is speaking by viewing minimal biological-motion point-light displays. These 

results demonstrate that perceivers are able to use basic visual, movement information to identify 

aspects of conversations. Another study examined participants’ perception of whether the end of a 

recited list was coming to end using auditory or visual information. Results showed that 

participants were more accurate in identifying the end of the list when audiovisual information 

was available compared to unimodal information (Barkhuysen, Krahmer, & Swerts, 2008). 

Although this study showed that visual information contributes to participants’ abilities to detect 

when an utterance was coming to an end, it did not examine perceptual abilities to identify the 

end of a turn within the dynamic context of reciprocal natural conversation.   

The only study that addresses the role of visual information in multimodal turn exchange 

perception was conducted by Mixdorff, Hönemann, Kim, and Davis (2015). In this study, 

participants were presented with sentences from natural conversations that were either right 

before a turn exchange or when the same talker would keep on speaking. Stimuli were presented 

with audiovisual information, auditory-only information or visual-only information and 

participants indicated whether or not the sentence preceded a turn exchange. Results showed that 

participants performed equally well when provided with audiovisual information as compared to 

auditory-only information. However, participants in this study only had access to limited visual 

information. That is, they could only see the talkers’ and listeners’ faces, which were presented 
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side by side in a split-screen, rather than facing each other as in natural conversation. Given the 

function of body motion cues and coordinated gaze between talkers to indicate the end of a turn 

during conversation (Duncan, 1972; Kendon, 1967), the results of this study did not demonstrate 

how we use the full range of available visual information when perceiving turn exchange events.  

Further, the contribution of visual cues produced by the speaker and listener in 

determining an upcoming turn exchange has not been investigated. As previously mentioned, 

both speaker and listener display individual behavior to indicate their desire to speak or give up 

the conversational floor (Bavelas et al., 1995; Kendon, 1967; Kendon, 1972; Thomas & Bull, 

1981; Hadar, Steiner, Grant, & Rose, 1984). Thus, the perception of an upcoming turn exchange 

can be driven by turn-yielding visual cues provided by the speaker (i.e., cues from the speaker 

indicating they ready to give up their turn to the listener), turn-claiming visual cues provided by 

the listener (i.e., cues from the listener indicating they would like to speak) or a combination of 

both. No known controlled experiments to date have been conducted to determine how behavior 

from each party is independently perceived during the recognition of a turn exchange event.  

The current studies investigated whether observers use visual information in order to 

judge an upcoming turn exchange (i.e., whether a talker is about to finish their turn) during 

natural conversation. In Experiment 1, we examined how visual information influences turn 

exchange perception in comparison to auditory-only information. In Experiment 2, we 

investigated whether observed accuracy in identifying a turn exchange is influenced by visual 

cues produced by the talker, by the listener or whether cues from both conversational partners 

were necessary for achieving optimal accuracy.   

2.3  Experiment 1 

In this experiment, we examined whether visual information contributes to the accuracy 

of the perception of a turn. We presented participants with video clips segmented from natural 
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conversations between 24 pairs of talkers. Participants were presented with a single utterance that 

occurred either prior to a turn exchange (‘Turns’) or in a context where the same talker continued 

talking (‘Non-Turns’). We compared turn perception accuracy for stimuli presented in three 

modalities: audiovisual (AV), auditory-only (AO) or visual-only (VO).  

2.3.1  Methods 

2.3.1.1  Participants 

  Twenty-four undergraduate students (Mean Age: 20.50; all females) from Queen’s 

University participated in this experiment for course credit or monetary compensation ($10/hour). 

All participants were Native English speakers with no hearing or speech impairments. 

2.3.1.2  Stimuli 

  Twenty-four pairs of same-gender friends (Mean Age: 20.86; 18 female pairs) were 

video-recorded having an unstructured conversation for 10 minutes. All pairs were native English 

speakers with no hearing or speech impairments.  From each recorded conversation, five turn 

exchanges were identified fulfilling the following criteria: a) Turn exchanges were not 

interruptions (i.e., overlapping speech), b) Turn exchanges did not contain verbal backchanelling 

responses (i.e., responses from the listener such as ‘yeah’ or ‘uhuh’ produced by the listener to 

indicate understanding or agreement), c) Turn exchanges did not contain question-answer 

sequences. These criteria were selected to control for differences in responses due to potential 

variation in the processing of different categories of turn exchanges. For example, verbal 

backchannelling was removed as there is no consistent criterion that helps distinguish between a 

turn exchange and backchanelling behavior (e.g. no agreement on how long a turn needs to be or 

how much contribution must be made to be considered a turn as opposed to a verbal backchannel; 

Koiso, Horiuchi, Tutiya, Ichikawa, & Den,1998).  Further, question-answer sequences were 

removed since turn exchanges so frequently follow a question.  
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  In what follows, ‘Talker A’ refers to the speaker prior to the point of turn exchange while 

‘Talker B’ refers to the speaker following the point of turn exchange. Stimulus utterances (i.e., 

single, complete sentences) were edited from the beginning to the end of Talker A’s speech, as 

determined by the auditory signal. The end of Talker A’s speech was defined as the point of turn 

exchange. A total of 120 Turns were selected (24 pairs of talkers X 5 turn exchanges per pair). In 

addition, 120 Non-Turns (where the same talker continued speaking after a full sentence) were 

also selected. The Non-Turns were edited at the end of a full sentence denoted by the auditory 

component (See Appendix F for full listing of the transcripts for Turns and Non-Turns). AO and 

VO versions of the stimuli were created from the AV stimulus set by removing the visual and 

auditory components, respectively (Figure 2.1). 

 
Figure 2.1. Schematic of the three modality conditions.  

A) In the audiovisual condition, participants viewed both the auditory and visual component of each 
stimulus. B) In the Auditory-Only condition, the video was removed and participants only heard the 
auditory component. C) In the Visual-Only condition, the auditory component was removed. 

2.3.1.3  Experimental Equipment 

  The experiment was conducted in a single-walled sound booth and participants were 

seated approximated 57cm away from a flat screen CRT monitor (48.3cm Daewoo CMC901D). 

The videos (Resolution: 800x600 at 29.97 frames/s) were displayed using DMDX software 

(Forster & Forster, 2003) and the audio signal was played from speakers (Paradigm Reference 

Studio/20) positioned on either side of the monitor. 
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2.3.1.4  Procedure 

  Participants were given 12 practice trials (6 Turns, two in each modality; i.e., AV, AO 

and VO; and 6 Non-Turns, two in each modality) with feedback to familiarize them with the task. 

Participants were then presented 120 Turn trials and 120 Non-Turn trials in three modality-

specific blocks of 80 trials each (i.e., one block for each of the AV, AO and VO conditions). 

Block order and assignment of clips to each modality was counterbalanced across participants 

and presentation within each modality-specific block was randomized. Participants were asked to 

indicate, using a keyboard press (Yes or No response), whether the current talker (i.e., Talker A) 

had finished his or her turn.  

2.3.2  Results and Discussion 

  We conducted two analyses to examine participants’ turn exchange identification ability. 

In the first analysis, we simply wanted to examine participants’ ability to distinguish between 

Turns and Non-Turns compared to chance (i.e., ‘In general, are participants able to do this 

task?’). We did so using average participant performance across all items and a standard 

parametric technique. In the second analysis, we examined how participants’ turn exchange 

perception accuracy could be predicted by our factors (Modality and Turn Type) by fitting a 

model that took both item-by-item and subject-by-subject variance into account (Clark, 1973; 

Brysbaert, 2007).   

   For the first analysis, we examined participants’ overall ability to identify a Turn from a 

Non-Turn using d’4 as a measure of participants’ sensitivity to the cues indicating each turn type. 

                                                        
4 d’ as a measure of sensitivity calculates a perceiver’s ability to discriminate a ‘signal’ from ‘noise’ by 
subtracting the z score of a perceiver’s Hit Rate from their False Alarm Rate. Here we arbitrarily assigned 
‘Turns’ as the signal with ‘Non-Turns’ as the noise (note that, as d prime reflects the distance between the 
signal and the noise, the same d’ values would have been found had we attributed ‘Turns’ as the noise and 
‘Non-Turns’ as the signal). The ‘Hit’ rate is the proportion of trials participants saw a ‘Turn’ trial and 
accurately responded ‘Turn’ while the ‘False Alarm’ rate is the proportion of trial participants saw a ‘Non-
Turn’ and incorrectly responded ‘Turn.’  
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Participants were able to discriminate between Turns and Non-Turns significantly better than 

chance for all three modalities (AV d’=1.33, t(23)=15.19; AO d’= 1.14, t(23)=16.81; VO d’=.80, 

t(23)=12.69 – all p<.001; Figure 2. This suggests that, overall, there are cues unique to Turns 

and/or Non-Turns that allows participants to distinguish the two in all three modality conditions. 

Further, we calculated response bias to examine if participants favored a particular response, but 

found no significant differences from 0 (neutral bias)5 for the AV and the AO conditions (p=.27 

and p=.64 respectively). In the VO conditions, participants were biased to give ‘Turn’ responses 

(t(23) = 2.59, p=.02).  

   Because our first analysis confirmed that participants were able to do this task in general, 

we further wanted to explore the factors that influenced their turn exchange perception ability. In 

the second analysis, we examined the influence of Modality on participants’ ability to identify 

turn exchanges; that is, we examined whether participants’ accuracy in identifying Turns and 

Non-Turns was influenced by the amount of information that was available to make the decision. 

In this analysis, we included Turn type (Turn vs. Non-Turn) as a factor to explore the possibly 

independent cues present in these two types of conversation contexts. It is known that talkers and 

listeners display different cues when indicating their desire to speak versus when indicating their 

desire to maintain their role. For example, when a listener would like to take the conversational 

floor they might make direct eye-contact whereas if they would like to maintain their role as a 

listener, they might produce ‘continuers’ such a verbal or visual backchannels (e.g., nodding and 

verbal agreement such as ‘uhuh’; Gravano & Hirschberg, 2011). Since different cues may 

contribute to the perception of a Turn versus the perception of a Non-Turn, it is possible that the 

availability of information influences the identification of both these turn types differently.  

                                                        
5 A positive response bias (>0) would indicate a tendency to respond ‘Turns’ while a negative response bias 
(<0) would indicate a tendency to response ‘Non-Turns’.  
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  We analyzed the influence of Modality and Turn Type on accuracy using a multilevel 

mixed-effects binary logistic regression in order to take into account the variability due to both 

items and participants (Clark, 1973; Baayen, Davidson, & Bates, 2008). This technique allows to 

model the effect of several predictors (i.e., Turn Type and Modality) on a binary response 

variable (i.e., Correct/Incorrect). We implemented this analysis using SPSS’s generalized linear 

mixed models (GLMM: SPSS 24). We initially coded participants’ accuracy in determining 

Turns from non-Turns as a binary outcome variable (Correct or Incorrect).  The GLMM specified 

a binomial error structure and a logit link function. We included turn Type (Turn vs. Non-Turn) 

and Modality (AV vs. AO vs. VO) as fixed factors. Sequential Bonferonni corrections were used 

for subsequent t-tests. Item and Participants were included as random factors.  The mixed-effects 

analysis revealed significant main effects of Modality (F(2) = 187.40, p<.001) and Turn Type 

(F(1) = 28.28, p <.001) and a significant Modality x Turn Type interaction (F(2) = 63.69, p<.001; 

Figure 2.2). The exploration of the significant main effect of Modality revealed that participants 

were more likely to respond accurately when identifying Turns and Non-Turns in the audiovisual 

condition (Odds Ratio6 =1.68) than in the Visual Only (b=.52, SE=.10, t = 5.31, p<.001). 

Participants were also more likely to provide accurate responses in the auditory-only (Odds Ratio 

= 1.56), as compared to Visual only (b=.45, SE=.10, t= 4.67, p<.001). Critically, the presence of 

visual information provided an advantage in relation to auditory-only information; a significant 

difference between the AV and AO conditions was observed (b=.221, t = 1.98, SE=0.01 p=.047).  

The follow-up comparisons for the Modality x Turn Type interaction revealed that participants 

performed significantly better at identifying Turns than Non-Turns in the AV condition (t=2.13, 

SE = .02, p=.03) but performed equally in both turn types in the AO condition (t = .65, SE = .02, 

                                                        
6	  The odds ratio indicates the odds of increase in accuracy given a particular factor. In this example, 
participants were 1.68 times more likely to be correct in the audiovisual condition compared to the visual-
only condition. All other odds ratio reports can be interpreted likewise (Kleinbaum, Sullivan, & Barker, 
2013).	  
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p=.51). In the VO condition, however, participants were significantly worse at identifying Non-

Turns in comparison to Turns (t= -13.38, SE=0.02, p<.001).  

 
Figure 2.2. Average Turn and Non-Turn Accuracy. 

Overall, participants displayed best performance in the audiovisual condition compared to both unimodal 
conditions. When comparing Turn and Non-Turn accuracy, participants in the visual-only condition 
performed significantly better in Turn perception. No differences were found between Turn and Non-Turn 
perception in the auditory-only condition. 
 

  These results show that participants were able to anticipate that a turn exchange was 

about to occur as soon as Talker A was finished speaking but prior to when Talker B began, 

regardless of the modality within which they received information regarding the turn-end. This 

extends known findings regarding turn perception using auditory information (e.g., de Ruiter et 

al., 2006) to visual and audiovisual visual information. When considering the use of visual 

information, we demonstrated that visual cues alone were sufficient to perform the task of 

identifying an upcoming turn. However, having auditory information in addition to the visual 

information (i.e., AV condition) was necessary for achieving the highest accuracy, in comparison 

to either modality individually.  
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  This finding is consistent with previous communication studies showing communicative 

advantages in audiovisual conditions as compared to unimodal conditions (for review, 

Rosenblum, 2005; Massaro, 1998; Rutherford & Kuhlmeier, 2013) For example, studies have 

shown how the availability of visual information improves speech intelligibility and emotion 

recognition (Sumby & Pollack, 1954; Collignon et al., 2008). Our results show, for the first time, 

an audiovisual advantage in turn detection. This finding did not align with the only other study 

that has investigated differences in turn identification abilities based on the availability of visual 

information. Mixdorff et al. (2015) found no significant differences between the audiovisual and 

auditory-only conditions. This might be because of differences in the visual richness of our 

stimuli. Mixdorff et al. (2014) used split-screen images of the talkers’ faces that did not allow for 

perceivers to view any information in the body that may convey important cues (i.e., overall body 

motion reduction; Duncan, 1972). Further, the split-screen setup was not conducive to perceiving 

certain visual cues that are indicative of points of turn exchange (e.g. mutual gaze). As pointed 

out by the authors themselves (p.5), viewing the talkers side-by-side in this manner may not have 

been intuitive for turn exchange perception. In our study, we employed a more naturalistic setup 

and showed that perceivers are better at turn exchange perception when they have full audiovisual 

information available.        

  Furthermore, our findings show that visual-only information is sufficient for identifying 

turn exchanges. This suggests that the visual signal contains rich cues that even in isolation can 

help identify a turn exchange. In studies of basic visual information using biological motion, 

participants are able to tell which of two talkers is speaking (Rose & Clark, 2008). Here, we 

extend those findings and show that participants can identify more than simply the current talker; 

they are, in fact, able to correctly identify whether that current talker will continue speaking or 

will stop beyond the end of the current utterance. Note, however, that participant’s accuracy in 

detecting Turns was poorer in the visual condition as compared to the other conditions 
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(audiovisual and auditory), and that participants were no better than chance in identifying non-

Turns when the auditory-information was removed from the clips (M(VO-Non-Turn) = .30, 

SE=.02). This suggests that auditory cues are needed for optimal accuracy in Turn identification, 

especially to identify when a turn will not occur. Note that the auditory information has both 

prosodic cues and semantic cues, which are missing in the visual-only condition7 (It is estimated 

that on average. participants can only speechread about 15% of the visual word content; Conrey 

& Pisoni, 2006).  

  It must be stated, however, that the need for auditory information does not necessarily 

imply that high-level linguistic information (i.e. lexico-syntactic content) is the most relevant cue 

for turn exchange detection, as has been suggested by previous turn perception studies (de Ruiter 

et al., 2006; Magyari & de Ruiter, 2012).  In a control study, we examined whether a separate set 

of participants (n=16) were able to distinguish a Turn from a Non-Turn from written 

transcriptions of our stimuli (Appendix F). Although participants were able to distinguish a Turn 

from a Non-Turn significantly more than chance (d’ (text only) = 0.19; t(15)=3.09, p=.003), this 

performance was quite modest and the accuracy level was small as compared to all three modality 

conditions in Experiment 1 (all p<.001; Figure 2). This suggests that, while high-level linguistic 

information might provide some cues of an upcoming turn exchange, it does not provide 

sufficient information to reach accuracy as high as that achieved in even our unimodal conditions 

(i.e., visual- and auditory-only). Thus, two things can be concluded from these findings: 1) the 

recognition of turn exchanges is multi-dimensional and relies on many cues in addition to lexico-

syntactic information and 2) in order for linguistic cues to be used for the recognition of 

                                                        
7 It should be noted that there is work suggesting that the visual modality contains prosodic information 
(e.g., head movement related to prosody; Munhall, Jones, Callan, & Kuratate, 2004). However, although it 
has shown to improve on the perception of degraded speech, its utility with no auditory information has not 
been demonstrated. 
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upcoming turn exchange events, they must be perceived within natural communication settings 

that include information from talker and/or listener (Verbrugge, 1985).  

  In Experiment 1, we demonstrated that visual information enhanced performance in the 

turn exchange identification task. However, it is not clear what visual information aids 

performance nor whether this information comes from the speaker or the listener, or from both.  

During conversation, talkers and listeners dynamically switch roles and therefore perceivers must 

be sensitive to both ‘talker’ cues indicating the end of a turn and ‘listener’ cues indicating 

preparation for speaking. Although when engaged in conversation, both the speaker and listener 

have been shown to provide visual cues to indicate an incoming turn exchange event (Sacks et al., 

1974), conflicting accounts regarding the roles of the speaker and listener in turn exchanges 

suggest that their individual contributions are not clear. The conversation analysis (CA) approach 

suggests that both speaker and listener contribute to producing and negotiating turn exchange 

behavior, both verbally and nonverbally, to ensure efficient communication (Sacks, Schegloff, & 

Jefferson, 1974). Alternatively, the turn-taking model proposed by Duncan (1972) suggests that 

the turn exchange system is entirely controlled by current speaker where the speaker either 

produces turn-yielding signals that they would like to conclude their turn or turn-maintaining 

signals that they would like to continue. Since the influence of individual visual cues from the 

talker and listener have never been directly tested, Experiment 2 was conducted to determine how 

each party contributes to turn exchange perception.  

2.4  Experiment 2 

  In this experiment, we investigated the independent role of the talker’s and listener’s cues 

in perceiving an upcoming turn exchange. Both speakers and listeners have been shown to 

display specific visual cues (e.g., preparatory body motion) as a turn exchange approaches. Here, 

we manipulated the availability of visual cues from the talker and the listener to examine how 
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turn exchange perception ability is modified. We compared performance from audiovisual stimuli 

presented in three different visual conditions: both talker and listener (TL), listener-only (LO), 

and talker-only (TO). 

2.4.1  Methods 

2.4.1.1  Participants 

Twenty-four Queen’s University undergraduates (Mean Age = 22.2; 18 females) participated in 

this experiment for course credit or monetary compensation. All participants had no hearing or 

speech impairments. 

2.4.1.2  Stimuli 

The stimuli in this experiment were the same as those used in the AV condition in Experiment 1, 

however, they were edited to manipulate availability of visual information. The AV stimuli were 

cropped such that either only the talker was visible, only the listener was visible or both the talker 

and the listener were visible, resulting in three viewing conditions: TL, LO, and TO (Figure 2.3). 

 
Figure 2.3. Schematic of the three viewing conditions. 

All conditions contained auditory information A) In the Talker-Listener conditions, participants viewed both the 
talker and the listener. B) In the Listener-Only condition, participants could not see the talker C) In the Talker-
Only condition, participants could not see the listener. 

2.4.1.3  Experimental Equipment 

The audio and video presentation software and equipment were identical to Experiment 1.  
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2.4.1.4  Procedure 

 Participants received 12 practice trials (6 Turns (two in each viewing condition) and 6 Non-

Turns (two in each viewing condition)). Participants were presented 120 Turn and 120 Non-Turn 

trials in three viewing condition blocks (i.e., one block for each of the TL, LO and TO 

conditions). Block order and clip assignment to each viewing condition was counterbalanced and 

stimulus presentation within each block was randomized. Participants indicated by responding 

‘Yes’ or ‘No’ on a keyboard whether the current talker (i.e., Talker A) had finished their turn. 

2.4.2  Results 

As in Experiment 1, we first calculated d’ as a measure of participants’ sensitivity to cues 

indicating a Turn versus a Non-Turn. Participants responding to stimuli in all three viewing 

conditions were able to discriminate Turns from Non-Turns significantly greater than chance (TL 

d’: 1.40, t(23) = 22.65; TO d’: 1.11, t(23) = 17.76; LO d’: 1.27, t(23) = 16.01 – All p<.001). 

Further, no response bias was found for any of the three conditions.  

  We further analyzed the factors influencing accuracy using the same multilevel mixed-

effects binary logistic regression (GLMM specifying a binomial error structure and logit link 

function) used in Experiment 1.  We included turn Type (Turn vs. Non-Turn) and Viewing 

Condition (TL vs. LO vs. TO) as fixed factors. Sequential Bonferonni corrections were conducted 

for subsequent t-tests. Item and Participants were included as random factors. Participant 

accuracy in determining Turns from Non-Turns was coded as a binary outcome variable (Correct 

or Incorrect).   

  Results of our mixed-effects analysis revealed significant main effects of Viewing 

Condition (F(2) = 5.81, p = .003) and Turn Type (F(1) = 20.26, p <.001) and a significant 

Viewing Condition x Turn Type interaction (F(2) = 3.35, p = .04).  In general, participants were 
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less likely to be accurate when perceiving stimuli in the TO (Odds Ratio = 0.668) and LO (Odds 

Ratio = 0.76) conditions compared to when both talker and listener (TL) were visible. However, 

participants performed significantly worse in the TO conditions compared to the TL conditions 

(TO-TL: b = -.42, SE = .10, t = -3.403, p=.002). The difference between the TL and the LO 

conditions was not significant (LO-AV: b = 0.26, SE = .10, t = 1.58, p = .128). Further, follow-up 

comparison for the significant Viewing Condition X Turn Type interaction revealed that 

participants performed better at identifying Turns compared to than Non-Turns for the TO (t = 

3.91, SE=.02 p <.001) and LO conditions (t = 3.61, SE=.02 p <.001) but no difference between 

turn types was observed in the TL condition (t = .48, SE = .02, p = .63; Figure 2.4).   

 
Figure 2.4. Average Turn and Non-Turn Accuracy 

Overall, when participants could not see the listener (Talker-Only condition), they performed worse than 
both Talker-Listener and the Listener-Only conditions. When only partial information was visible, 
participants performed worse in Non-Turn perception compared to Turn perception. No differences in turn 
type were observed when both Talker and Listener were visible. 
                                                        
8	  Odds ratios below 1 should be calculated as the reciprocal (1/Odds ratio) and interpreted as a decrease in 
likelihood (Kleinbaum et al., 2013). For example, in the TO condition (1/0.66=1.5), participants were 1.5 
times less likely to be accurate compared to the TL condition.	  	  
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  Our results demonstrate that visual cues from both the speaker and the listener are 

necessary for the most accurate turn exchange identification. In fact, significant difference 

between the TL and the TO conditions suggests that the visual cues from the listener are most 

important; when visual cues from the listener were not available, participants suffered a cost 

lowering their turn exchange perception accuracy. Further, when visual information was reduced, 

turn exchange perception was not affected equally; participants were much less accurate in 

determining when a talker would continue (i.e., Non-Turn) compared to when the talker would 

finish speaking (i.e., Turn). This result was not due to a bias towards ‘Turn’ responses; our 

calculation of response bias showed no significant difference from neutral. It was the reduction of 

visual information that led to the decrease in Non-Turn accuracy. Overall, not only do these 

findings highlight the importance of visual cues provided by the listener but they also suggest that 

when visual information is compromised, it is Non-Turn rather than Turn perception that suffers 

the most. 

2.5  General Discussion 

  Face-to-face conversations involve the integration of both auditory and visual 

information in order to ensure successful communication. Information provided in both these 

modalities contributes to ongoing, rapid conversational decisions such as whether it is appropriate 

for one to speak (Clark & Brennan, 1991). Given the important contribution of both auditory and 

visual information, it is surprising that relatively little work has focused on the influence of visual 

information in such decisions. In these experiments, we investigated the role of visual 

information in identifying a turn exchange event. In Experiment 1, we showed that optimal turn 

exchange perception required the presence of both auditory and visual information. Further, in 

Experiment 2, we showed that when making turn exchange decision with audiovisual 

information, it was the presence of visual cues from the listener that was most important.  
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  Despite numerous demonstrations of the importance of visual information to 

communication (e.g., speech perception, emotion perception, collaborative task completion), this 

benefit has not been demonstrated in the study of turn exchange perception. Here, we show, for 

the first time, that it is beneficial to have audiovisual information when making the decisions in 

conversation that are essential for communicative efficiency.  Most previous studies examining 

the perception of turn-taking behavior have focused solely on the role of auditory information 

(e.g., de Ruiter et al., 2006; Riest et al., 2015) resulting in an underrepresentation of the utility of 

visual cues. The benefits of audiovisual information in conversational turn-taking have been 

previously shown through observational studies. It has been demonstrated that talkers are more 

efficient communicating face-to-face than through auditory-only; there are significantly fewer 

interruptions and long inter-turn latencies (i.e., ‘awkward silences’; McLaughlin & Cody, 1982; 

ten Bosch et al., 2005). Further, in instances where interactions are especially difficult (i.e., non-

native language speakers), it has been suggested that visual information might provide a 

communication advantage (Mixdorff et al., 2015). Here, we provide direct experimental evidence 

supporting previous observations regarding the role of audiovisual information in turn exchange 

perception during conversation.    

It should be noted that participants were still able to identify turn exchange events with 

auditory-only and visual-only information. This suggests that the two modalities independently 

have cues that allow perceivers to accurately perceive an upcoming turn. Different cues in the 

auditory and visual domains during turn-taking behavior have been previously reported; for 

example, longer duration of the final words in turns and reduced overall motion both indicate the 

end of a turn (Ohsuga et al., 2005; Kendon, 1982).  

When only visual cues were provided, participants’ accuracy in identifying Non-Turns 

was most affected; such performance differences between turn type were not observed in the 

audiovisual and auditory-only conditions. This suggests that auditory cues are needed for 
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determining when a turn will continue. This finding is especially noteworthy in that it suggests 

that the cues needed for determining the occurrence of a turn exchange may be different than 

those needed for determining that a turn will continue. Accurately identifying both Turns and 

Non-Turns has direct implications for efficient communication; failing to accurately identify an 

upcoming turn exchange may result in long inter-turn latencies (i.e. ‘awkward silences’; 

McLaughlin & Cody, 1982) while failing to identify that a turn will continue may result in 

interruptions (Nenkova et al., 2008; Heldner & Edlund, 2010; Clark & Brennan, 1991). Our 

findings show that participants may use different cues when identifying Turns and Non-Turns. 

Conversely, it is possible that Non-Turns are distinguished from Turns not by the presence of 

specific cues indicating that the talker will continue speaking but rather by the absence of cues 

indicating the turn will end. Further work is needed to disentangle specific perceptual processes 

involved in Turn and Non-Turn perception independently.  

  Experiment 2 showed that performance in identifying Turns and Non-Turns was best 

when both talker and listener were visible. However, when visual cues from either the talker or 

the listener were not available, participants showed reduced performance in identifying Non-

Turns compared to Turns. Further, when the listener was not available, participants suffered a 

cost and performed significantly worse than the talker-listener condition, overall. In fact, without 

visual information from the listener, participants’ ability to discriminate Turns from Non-Turns 

was no different than auditory-only performance. When comparing d’prime scores for the 

auditory-only condition in Experiment 1 with the d’prime scores in the talker-only condition 

Experiment, no significant differences were observed (t(46) = .06, p=.96)9.  This suggests that it 

is visual information from the listener that is providing the greatest overall benefit for the ability 

to distinguish between Turns and Non-Turns. Several cues from the listener have been shown to 

                                                        
9	  This analysis was simply done for illustrative comparison. The authors are aware of the issues related to 
between-subject comparisons with low subject n’s. 
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be necessary for identifying an upcoming turn exchange. For example, it has been observed that 

when listeners make direct eye contact with the talker when they would like to take the 

conversational floor and produce verbal backchanelling behavior such as nodding to indicate that 

they would like the talker to continue (Bavelas et al., 2002; Duncan, 1972).  

  However, it should be noted that having visual cues from both talker and listener was 

necessary for the best Non-Turn perception. In both the talker-only and listener-only conditions, 

the absence of any visual information resulted in reduced Non-Turn perception whereas the 

talker-listener conditions showed no differences in accuracy between Turn and Non-Turn 

perception. This is interesting since no differences between Turns and Non-Turns were found in 

both auditory-only and audiovisual conditions in Experiment 1, suggesting that auditory 

information was necessary for Non-Turn perception. However, in Experiment 2, full auditory 

cues were available yet participants performed worse in Non-Turn perception in the partial 

viewing conditions. It is possible that partial information was interfering with participants’ ability 

to maximize use of the auditory cues that could have contributed to accurate Non-Turn 

perception. Visual interference has been shown previously in speech and emotion perception 

studies. The classic example of the McGurk illusion demonstrates that visual information from 

the mouth modulates how we perceive an auditory stimulus (McGurk & MacDonald, 1976). In 

experiments examining the perception of emotion using auditory and visual cues, it was shown 

that participants deferred to visual information even when judging emotion in the auditory signal 

(de Gelder & Vroomen, 2000). This suggests that when visual cues are available, we cannot help 

but use them even if the auditory cues alone may be more reliable.  Perhaps this was true in our 

case of partial visual information in Non-Turn perception. 

  Finally, there are a number of things to consider based on these results. Although it is 

evident that different sources of information play varying roles in the processing of perceiving 

turns as an observer, it is possible that the way information is utilized may be different when 



 34 

directly engaging in conversation. Other task demands in addition to anticipating a turn are in 

place during conversations, such as simultaneously producing and understanding language, 

ensuring appropriate gaze, interpreting facial expression and perceiving emotion in speech, 

amongst other factors (Garrod & Pickering, 2004; Sacks, 1992; McNeill, 1992; Goodwin, 1981). 

However, much can be learned about communication mechanisms through observation of others 

from a third-person perspective as was done in these experiments. Investigating our responses to 

turn-taking behavior through observation allows us to better identify important sources of 

information by isolating the perception processes from production processes.  Further, we use 

observed actions and their consequences from others to predict the outcome of our own actions, 

allowing us to modulate and guide our own behavior and interactions accordingly (Knoblich & 

Flach, 2001). With these experiments, we were able to demonstrate, in a controlled manner, how 

we perceive and utilize cues to make important conversational decisions. 

   The efficient utilization of the rich set of cues available in conversational interaction 

ensures that both parties contribute interactively in order to come to a mutual understanding of 

each other (Garrod & Pickering, 2004). An inability to engage in these kinds of exchanges -which 

is often the case in several disorders such as Autism Spectrum Disorder (Baron-Cohen, 1988), 

results in communicative impairments. Our study fills a gap in our understanding of how visual 

information is processed in comparison to auditory information when identifying a turn exchange 

event. We showed that visual information is essential for greatest accuracy in turn exchange 

identification, especially visual cues provided by the listener. Most notably, we demonstrated that 

though audiovisual information was needed for best overall performance, any instance of 

compromised information resulted in a reduced ability to identify when a turn would not end 

rather than when it would. Overall, the work presented here opens up a line of research examining 

the role of visual information during conversation which so far, has been relatively under-

investigated. 
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Chapter 3 

Knowing When to Respond: The Role of Visual Information in 

Conversational Turn Exchanges 

3.1  Abstract 

  When engaging in conversation, we efficiently go back and forth with our partner, 

organizing our contributions in reciprocal turn-taking behavior. Using multiple auditory and 

visual cues, we make online decisions about when it is the appropriate time to take our turn. In 

two experiments, we demonstrated, for the first time, that auditory and visual information serve 

distinct roles when making such turn-taking decisions. We presented clips of single utterances 

spoken by individuals engaged in conversations in audiovisual, auditory-only or visual-only 

modalities. These utterances occurred either right before a turn exchange (i.e., ‘Turn’) or right 

before the next sentence spoken by the same talker (i.e., ‘Non-Turn’). In Experiment 1, 

participants discriminated between Turns and Non-Turns in order to synchronize a response to 

the moment the talker would stop speaking.  We showed that participants were best at 

discriminating between Turns and Non-Turns in the audiovisual condition. However, in terms of 

response synchronization, participants were equally precise at timing their responses to a turn-end 

in the audiovisual and auditory-only conditions, showing no advantage of additional visual 

information. In Experiment 2, we used a gating paradigm where increasing segments of Turns 

and Non-Turns were presented, and participants predicted if a turn exchange would occur at the 

end of the sentence. We found an audiovisual advantage in detecting an upcoming turn early in 

the perception of a turn exchange. Together, these results suggest that visual information 

functions as an early signal indicating an upcoming turn exchange while auditory information is 

used to precisely time a response to the turn end.  
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3.2  Introduction 

  Everyday, we engage in conversations that proceed effortlessly; we hardly notice how 

seamlessly we switch roles from talker to listener with our partner. The most fascinating property 

of this organized system of turn-taking behavior is how quickly and efficiently it proceeds. This 

speed and effectiveness is even more remarkable when we consider the sheer volume of 

information processing that occurs during conversation. During face-to-face conversation, 

speakers have access to a myriad of informational sources about communication, such as lexical 

(e.g., Clark & Brennan, 1991) and syntactic information (e.g., Jaeger, 2010), specific acoustic 

features such as prosody (e.g., Swerts & Geluykens, 1994) and speech affect (e.g., Campbell, 

2004) and nonverbal cues such as gaze, gestures (e.g., Driskell & Radtke, 2003) and facial 

expressions (e.g., Duncan & Fiske, 1979). From this multitude of perceptual information, 

conversational partners must extract specific auditory and visual cues to determine whether and 

when a turn is about to end (for review, Ford & Thompson, 1996; Fox Tree, 2000). An inability 

to accurately detect an upcoming turn exchange and thus, knowing when it is an appropriate time 

to speak, results in a breakdown of conversation success due to long inter-turn latencies (i.e., 

silent pauses) or interruptions. In many cultures, such conversational violations are considered 

inappropriate communicative protocol (Clark & Brennan, 1991; Sacks, Schegloff, & Jefferson, 

1974). Therefore, the rapid use of the available cues indicating an upcoming turn exchange is 

critical for effective communication.  

   Speakers produce a number of linguistic and auditory cues to demonstrate that they are 

ready to give up the conversational floor (Levinson, 2016; Thórisson, 2002). Among these cues, 

one of the most important ones is the use of specific lexical items and syntactic constructions to 

indicate their contribution is coming to an end (Levinson, 2016; Thórisson, 2002). This lexico-

syntactic information indicating a turn-end is emphasized by accompanying prosodic cues such as 

a drop in pitch and intensity and the lengthening of the final words of a sentence (Duncan, 1972; 
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Gravano & Hirschberg, 2011). Listeners are able to perceive these cues and use them efficiently 

to accurately determine an upcoming turn exchange. For instance, de Ruiter, Mitterer, and Enfield 

(2006) showed that perceivers are more accurate at determining that a turn will end when the 

auditory information has been unmodified compared to when it has been filtered to minimize 

lexico-syntactic cues. Further, prosodic information such a falling pitch contour has been shown 

to enhance a perceiver’s turn exchange detection compared to when the pitch has been flattened 

(Riest, Jorschick, & de Ruiter, 2015).  

   In general, having access to visual information from a speaker’s face enhances 

intelligibility (Sumby & Pollack, 1954) and aids in the completion of joint tasks with a partner 

(Kraut, Fussel & Siegel, 2003). In the context of conversational turn exchanges, both speakers 

and listeners produce visual cues indicating that a turn is coming to a close. Speakers reduce their 

overall body motion and position themselves towards the listener (Bavelas, Chovil, Coates, & 

Roe, 1995; Kendon, 1972; Thomas & Bull, 1981). Conversely, listeners make preparatory head 

movements and establish direct eye contact to demonstrate their desire to contribute to the 

conversation (Kendon, 1967; Hadar, Steiner, Grant, & Rose, 1984). Although the contribution of 

visual cues to the perception of turn exchanges has been relatively less investigated compared to 

auditory cues, it has been shown that the combination of both visual and auditory information is 

important for the most accurate perception of turn exchanges. In a study conducted in our lab 

(Latif, Alsius, & Munhall, submitted), participants were presented with single sentences where a 

turn exchange was about to occur (i.e., Turn) or a single sentence where the current talker would 

continue talking (i.e., Non-Turns) in auditory-only, visual-only or audiovisual information 

contexts. After the sentence, participants had to respond whether they thought the current talker 

had finished their turn. We found that they were more accurate at identifying a ‘Turn’ in the 

audiovisual condition compared to both unimodal conditions, suggesting that visual information 

enhances the accuracy of turn-taking perception.   
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   Together, the evidence shows that both auditory and visual cues are useful for detecting 

an upcoming turn exchange. However, efficient interaction is not determined simply by knowing 

that a turn exchange will occur but also by anticipating when it will occur so as to respond at the 

appropriate moment. Previous research has shown that on average, inter-turn gaps are less than 

200ms with a mode of 0ms. This strong tendency to minimize the length of time between turns 

during conversations is consistent across several languages (Stivers, Enfield, Brown, Englert, 

Hayashi, Heinemann et al., 2009), and results from the listener’s ability to anticipate the 

occurrence of an upcoming turn event. In a task where listeners were presented with sentences 

before a turn exchange and were asked to respond at the exact moment that the turn would end 

using a button press, they did so more than 200ms earlier than the turn-end (i.e., when the current 

talker would have stopped speaking; de Ruiter et al., 2006), indicating that they were anticipating 

the correct moment to make their response and not just reacting to the cessation of the talker’s 

speech.  

The ability to anticipate events to plan appropriately timed responses is not specific to 

conversational interaction. Predictive mechanisms based on perception-action coupling (i.e., the 

reciprocal relationship between perceiving sensory information and producing an appropriate 

response; Warren, 1990) have previously been used to explain our general ability to estimate the 

timing of events. Such a mechanism uses available sensory information to allow for the planning 

of motor responses as perceptual events unfold (Schubotz, 2007). Our ability to anticipate 

upcoming events is essential for ensuring that we respond appropriately in all kinds of real-world 

situations: from avoiding collisions (Tresilian, 1999) and performing sports related activities such 

as hitting a ball with a bat (Raganathan & Carlton, 2007) to facilitating social activities such as 

joint collaborative tasks (e.g., carrying objects with another person) and orchestrating musical 

performances (Pfordresher, 2006). The association of conversation coordination and general 

perceptual-motor prediction is supported by clinical evidence. Individuals with social disorders 
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characterized by deficits in conversational skills have been shown to exhibit impairments in 

general prediction abilities, suggesting a common underlying mechanism (Sinha, Kjelgaard, 

Gandhi, Tsourides, Cardinaux, Pantazis et al., 2014).    

Little is known about how the availability of auditory and visual information during 

conversation influences the production of appropriately timed responses. Certainly, the use of 

both auditory and visual information plays a role in identifying an upcoming turn, however, only 

the influence of auditory cues on response timing has previously been examined. For example, 

participants were less precise at timing their response using degraded auditory information (e.g., 

the auditory signal was low-pass filtered to eliminate intelligible speech; de Ruiter et al., 2006) 

compared to when the auditory signal was not manipulated demonstrating that the availability of 

lexico-syntactic information influences response timing when perceiving turn exchanges. 

However, no known studies have examined the contribution of visual information to timing a 

response to the end of a turn. This is surprising considering the important role visual information 

serves in communication (e.g., speech intelligibility, Sumby & Pollack, 1954; joint task 

completion, Kraut, Fussell & Siegel, 2003; turn exchange perception, Latif et al., submitted).  

In the current studies, we examined the contribution of visual and auditory information 

when responding to an upcoming turn exchange (i.e., when a talker is about to finish their turn).  

In Experiment 1, we used a synchronization task to explore, for the first time, whether the 

presence of visual information influences our ability to accurately time a response to the end of a 

turn. In Experiment 2, we examined the relative timing of the use of visual and auditory 

information.  
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3.3  Experiment 1 

  In this experiment, we used a synchronization task to examine the timing accuracy of 

predicting the end of a turn when the stimulus was presented in different modalities.  Participants 

were required to respond precisely to when they believed that the current talker (Talker A) would 

finish their turn. Previous studies have shown that synchronizing a response to a non-speech 

perceptual event requires anticipatory timing processes, and participants vary in how accurately 

they are able to respond depending on whether auditory or visual information is present 

(Aschersleben & Prinz, 1995; Chen, Repp & Patel, 2002; Miyake, Onishi, & Pöppel, 2004; Repp 

& Su, 2013). In the context of turn exchange perception, it has been shown, using auditory-only 

information, that participants indicate the end of a turn prior to when the current speaker actually 

stops speaking (de Ruiter, et al., 2006).  However, no known studies to date have examined the 

online perception of visual information and how it might compare to auditory-only perception 

when responding to turn exchange behavior. Here, we utilized the same paradigm as that used by 

de Ruiter et al. (2006). However, our design differed from de Ruiter and colleagues in that we 

included Non-Turn trials (i.e., where the same talker would continue speaking), so that 

participants were required to make a choice of whether or not to respond, as it occurs in natural 

conversation. In addition, we controlled for the types of turns that were included by imposing 

specific criteria on stimulus selection.  

3.3.1  Method 

3.3.1.1  Stimuli 

  In this experiment, 24 pairs of same-gender friends (Mean Age: 20.86; 18 female pairs; 

all English speakers with no hearing/speech impairments) were video-recorded while engaging in 

an unstructured conversation for 10 minutes. From each conversation, five turn exchanges (i.e., 

Turns) were selected such that no exchange contained interruptions or verbal backchanneling 
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behavior and no exchange was a question-answer sequence10. A total of 120 Turns (24 pairs X 5 

Turns) were selected.  Although we were primarily interested in the temporal accuracy with 

which participants’ timed their responses to coincide with the end of a turn, we wanted to ensure 

that participants were attempting to discriminate between Turns and Non-Turns, as would be the 

case in natural conversation. Note, that different cues are known to indicate these two turn 

exchange events. For example, direct eye contact from the listener may indicate their desire to 

speak, while backchannel responses (i.e., verbal uses of ‘yeah’, ‘uhuh’ to indicate understanding) 

may indicate that the listener would like to maintain their role (Gravano & Hirschberg, 2011). 

Therefore, we included 24 Non-Turn stimuli (one from each pair) as catch trials using the same 

criteria used to identify Turns. Auditory-only (AO) and Visual-only (VO) versions were created 

from the audiovisual (AV) version of each stimulus by removing the visual and auditory 

information, respectively.  

   Once the Turns and Non-Turns were identified, Turn stimuli were edited to 501ms (15 

frames at 29.97 frames/s) past the start of the second talker’s (i.e., Talker B) speech. Non-Turn 

stimuli were edited to 501ms past the start of the next sentence spoken by the same talker (i.e., 

Talker A). All edits were determined using acoustic speech events indicating the start of the 

turn11. Limiting the clip’s end to 501ms past the acoustic onset of Talker B’s speech was 

appropriate because we were interested in looking at predictive behavior (i.e., how well people 

were able to anticipate an upcoming turn and synchronize their response), not reactive responses. 

                                                        
10 These criteria were selected to reduce potential confusion and reduce the influence of unmanipulated 
factors such as processing differences in different categories of turns. Previous studies used a mixture of 
different turn categories including question-answer sequences. However, it is known that responses to 
questions vary in timing depending on the complexity of the upcoming response (Casillas, Bobb, & Clark, 
2016; Stivers et al., 2009). Further, in previous research, there is no consistent agreement on what 
distinguishes a turn from backchannelling behavior (Koiso, Horiuchi, Tutiya, Ichikawa, & Den, 1998) 

11	  The auditory component was selected because it is more precise at indicating the end of a turn. 
However, an examination of how the auditory end compared to the visual end showed only a small 
difference of 0.67 frames (or 22.36ms at 29.97 frames per second (fps) on average). 
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Further, previous studies examining anticipatory responses to auditory turn exchanges using a 

similar paradigm have shown that participants responded significantly earlier than the end of the 

turn (e.g., de Ruiter et al., 2006). 

3.3.1.2  Experimental Equipment 

  The experiment was conducted in a single-walled sound booth. All video stimuli 

(Resolution: 800x600 at 29.97 frames/s) were displayed using DMDX software (Forster & 

Forster, 2003) and the audio signal was played from speakers (Paradigm Reference Studio/20) 

positioned on either side of the monitor. Participants were seated approximately 57cm away from 

a flat CRT monitor (48.26cm; Daewoo CMC901D). Due to the time-sensitive nature of this 

synchronization task, participants responded using a mechanical keyboard to ensure timing 

accuracy12 (Corsair STRAFE w/ Cherry MX Red Mechanical Switches).  

3.3.1.3  Participants 

  Twenty-four undergraduates (Mean Age: 21.48; 22 females) participated in this 

experiment for monetary compensation or course credit. All participants were Native English 

speakers with no hearing or speech impairments with normal or corrected-to-normal vision. 

3.3.1.4  Procedure 

  Prior to the experiment, participants were given 12 practice trials (two Turns and two 

Non-Turns in each of the three modalities, AV, AO and VO) with feedback, to get familiarized 

with the task. In the experiment, they were then presented 120 Turn trials and 24 Non-Turn trials 

in three modality-specific blocks of 48 trials each (i.e., one block for each of the AO, AV and VO 

conditions with 40 Turns and 8 Non-Turns trials in each block). Block order was counterbalanced 

across participants and stimulus presentation within blocks was randomized. A fixation cross 

                                                        
12 Mechanical switches ensure response rate of 1ms compared to 20ms for other generic keyboards 
(Corsair, 2016; Plant, Hammond, & Whitehouse, 2003; Tyson, 2015).  



 43 

presented for 500ms began each trial, followed by the presentation of a stimulus. Participants 

were asked to indicate by pressing a button the exact moment at which they believed the first 

talker would finish their turn. They were encouraged to respond as close to the real end of the 

turn as possible. Participants were also informed that some trials would not contain a turn and, 

instead, the current talker would continue speaking. In this case, participants were instructed not 

to respond. Stimuli were presented until either the participant made a response or till the end of 

the clip (i.e., 501ms past the start of Talker B’s speech, or Talker A’ second sentence). Any 

instance where a response was not made within the stimulus presentation time was a considered a 

‘Non-Turn’ response. How well participants could respond to the end of a turn was defined by a 

measure of response time offset (RTO), which was calculated as participants’ response times 

subtracted from the time corresponding to the end of Talker A’s speech (as determined by the 

auditory signal) for each item.   

3.3.2  Results/Discussion 

  On average, 20% (SE = .014; AO = 22% of trials, AV = 13% of trials, VO = 25% of 

trials) of Turns were not responded to, resulting in the main analysis conducted on 80% of all 

Turn trials.  Although we were most interested in looking at participants’ responses to Turn trials, 

we still wanted to ensure that participants could distinguish between the two turn types (i.e., 

Turns vs Non-turns). An initial analysis of participants’ overall ability to discriminate between 

Turns and Non-Turns was calculated using d’13. Participants were able to identify Turns from 

Non-Turns significantly more than chance in all three modalities. (AO d’ = 1.73, t(23) = 15.76; 

                                                        
13 d’ is a signal-detection method that analyzes a perceiver’s ability to discriminated between ‘signal’ and 
‘noise’ by calculating a ratio of the perceiver’s Hit Rate (i.e. the proportion of time participants accurately 
responded to the signal) and False Alarm rate (i.e. the proportion of time participants perceived the signal 
but did not report perceiving it). Here, ‘Turns’ were arbitrarily assigned as the ‘signal’ and ‘Non-Turns’ as 
noise though, because d’ is a ratio, the same values would be found if this designation was reversed. This 
analysis is especially useful since it is robust against unequal number of ‘signal’ and ‘noise’ trials, as was 
the case in our experiment.   
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AV d’ = 2.57, t(23) = 20.50; VO d’=1.63, t(23) = 19.35 – all p<.001). Further, a repeated 

measures analysis of variance (ANOVA) showed that participants were better at distinguishing 

Turns from Non-Turns in the audiovisual condition compared to both unimodal conditions (Main 

effect of Modality: F(1,23) = 11.15, p<.001; AV-AO Mean Difference = 0.84, SE = .24, p=.006; 

AV-VO Mean Difference = .94 , SE = .20 p<.001 – Both Bonferonni corrected).  

  For the main analysis, we only looked at RTOs for Turn trials thus any false alarm 

responses to the Non-Turns were discarded. Since RTOs were the difference between 

participants’ response and the end of the current turn, negative RTOs indicated that participants 

responded before the end of Talker A’s contribution while positive RTOs indicated that the 

response was made after Talker A had finished their turn.  

  The distributions for RTOs in the three modalities are presented in Figure 3.1 (AO: 

Median = 144.00ms; AV: Median = 147.78; VO: Median =175.41). Overall, the results show that 

participants were able to synchronize their responses to the end of the turn with peaks around 

0ms.  
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Figure 3.1. Distributions of response time offsets for the three modality conditions 

The top panel shows the box plots indicating the spread of the distribution for each condition while the 
lower panel reveals the frequency distributions for all responses across all participants. In general, 
participants were able to time their response to the end of the turn. 
 

  To analyze how modality contributed to participants’ ability to time a response, we 

performed a statistical analysis that allowed us to take both item and subject variance into account 

(Clark, 1973; Baayen, Davidson, & Bates, 2007; Brysbaert, 2007). We fitted a regression model 

to analyze how participants’ RTOs were predicted by the modality in which information was 

presented. A linear mixed model (LMM) was implemented using SPSS’s Mixed procedure 

(LMM: SPSS 24). The model was fitted using restricted maximum likelihood estimation 

(REML). Modality was included as a fixed factor with participants and items included as random 

factors. The dependent variable was RTO. Results revealed that Modality significantly predicted 

RTOs (F(2) = 9.89, p<.001). When participants responded to AV stimuli and AO stimuli, their 

RTO was significantly different compared to the VO condition (AV-VO: t = 4.45, SE=23.59, p = 

<.001; AO – VO: t= 2.35, SE = 24.50; p=.01). No significant differences between the AO and 

Pr
op

or
tio

n 
of

 R
es

po
ns

es

-3500

-3000

-2500

-2000

-1500

-1000

-500

0

500

1000

1500

Auditory-Only Audiovisual Visual-Only

R
es

po
ns

e 
T

im
e 

O
ff

se
t (

m
s)

0

0.1

0.2

0.3

0.4

0.5

-3
00

0

-2
50

0

-2
00

0

-1
50

0

-1
00

0

-5
00 0

50
0 0

0.1

0.2

0.3

0.4

0.5

-3
00

0

-2
50

0

-2
00

0

-1
50

0

-1
00

0

-5
00 0

50
0 0

0.1

0.2

0.3

0.4

0.5

-3
00

0

-2
50

0

-2
00

0

-1
50

0

-1
00

0

-5
00 0

50
0



 46 

AV condition were found (p=.13). In other words, participants responded significantly earlier in 

the VO condition compared to the AV and AO conditions (M(VO) = -79.12ms, SE = 27.63; 

M(AV) = 23.05.06ms, SE = 17.49, M(AO) = -6.78, SE = 19.70; Figure 3.2). Further, we 

compared RTOs in each condition to 0 to determine how well participants could synchronize with 

the end of the turn and found no differences from 0 for the AV and AO conditions (AO: p=.73; 

AV: p = .19). Responses in the VO condition were significantly different from 0 (t = -2.86, p = 

.004). Taken together, it was evident that responses to visual information alone were less accurate 

in timing and deviated further from the end of the turn.  

 
Figure 3.2. Average Response Time Offset (RTO).  

Participants responded significantly earlier in the visual-only condition compared to both the Auditory-
Only and the Audiovisual conditions. No differences between the Auditory-Only and Audiovisual 
conditions were found. 
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  In addition to examining how accurately participants could respond to the end of a turn, 

we were interested in how consistently they were able to make that response. We analyzed 

differences in precision by comparing variability across participants between modality conditions. 

We conducted a repeated-measures ANOVA on the participants’ standard deviations for their 

RTOs. Results showed a significant main effect of modality (F(1,23) = 15.92, p<.001). 

Bonferonni-corrected pairwise comparisons revealed significant differences between both the AV 

and the AO conditions compared to the VO condition (AV-VO: Mean difference = 201.80, SE = 

36.72, p <.001; AO – VO: Mean difference = 174.82, SE = 38.06, p<.001). No significant 

differences were observed between the AV and the AO conditions (p = .99; Figure 3.3). This 

pattern of findings directly reflects the average RTOs reported earlier. These results suggest that 

without auditory information, participants are much less precise in their responses and that 

audiovisual information provides no advantage to response timing precision. 

 

Figure 3.3. Average Standard Deviation of Response Time Offsets (RTOs). 

A greater variability in RTOs was observed in the visual-only condition compared to both the auditory-only 
and audiovisual conditions. 
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 In this experiment, we demonstrated that participants responded anticipatorily to the end 

of a turn, regardless of modality; note that average response times for all modality conditions 

were far shorter than the simple reaction times reported for visual and auditory stimuli (~150 – 

200ms; Amano, Goda, Nishida, Ejma, Takeda, & Ohtani, 2006; Kiehl, Laurens, Duty, Forster, & 

Liddle, 2001) indicating that participants were not simply reacting to the cues indicating the end 

of a turn. Furthermore, participants’ accuracy in timing a response to the end of a turn was 

influenced by the modality in which they received turn exchange information. In general, 

participants were far more accurate at timing their response when they had auditory information 

available (i.e., both auditory-only and audiovisual conditions) than with visual information only. 

   In addition to timing accuracy, we included a measure of response precision by 

examining standard deviations to address the nature of our response distributions. As is evident in 

Figure 1, the distributions of responses were negatively skewed. Thus, using multiple measures, 

including the spread of responses, would better characterize response times as a function of 

modality in our task. We found that participants’ response precision reflected the same pattern of 

findings as their accuracy; participants were more precise in their responses (i.e., smaller standard 

deviations) in the audiovisual and the auditory-only conditions and much less precise in the 

visual-only condition. In general, participants responding to visual-only stimuli were prone to 

making more early responses.  

  The finding that participants were much more variable in responses to the visual-only 

condition is, in fact, consistent with results of studies investigating general prediction abilities 

using sensorimotor synchronization paradigms. It has been demonstrated that synchronizing a 

button press with a visually presented stimulus (i.e., a flash) results in greater variability in 

anticipatory responses compared to auditory stimuli (Chen et al., 2002). Further, participants are 

more likely to respond too early when making a synchronization response to a visual stimulus 

versus an auditory stimulus (Rosenblum, Gordon, & Wuestefeld, 2000; McLeod & Ross, 1983).  
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As can be seen in the distributions shown in Figure 1, the visual distribution shows greater spread 

and a thicker negative tail indicating higher probability of large anticipation responses. It is 

possible that responding early to visual information is adaptive; failure to respond to a visual cue 

on time in the real-world can have potentially harmful consequences (e.g., timing the arrival of a 

moving object to avoid harm). The fact that similar behavioral responses to perceptual 

information are found even in conversations, where priorities are not primarily visual, is 

suggestive of the involvement of a common underlying predictive mechanism. In the same way a 

predictive mechanism allows for the anticipation of events in the world in order to plan and 

respond efficiently, such a mechanism seems to be involved in conversation, allowing for 

anticipation of our partner’s behavior to achieve seamless and effortless communication (Garrod 

& Pickering, 2004). 

   It should be noted that although we show anticipatory responses to stimuli, our results 

vary from previous turn exchange perception studies. Most studies investigating turn timing 

report anticipatory responses to auditory turn exchanges that occur significantly prior to the end 

of the turn using tasks similar to the one used here (e.g., 200ms in advance; de Ruiter et al., 

2006). Although our results show a similar response distribution to previous work with many 

early responses that occur prior to the turn end, on average, our responses are not made as early as 

those reported in these studies. There are a number of reasons that might explain the different 

outcomes. First, to approximate natural conversation, we required our participants to make a 

choice between a Turn and a Non-Turn when making their responses. Other studies examining 

response timing during turn exchange perception use simple response tasks where all stimuli are 

turns (e.g., de Ruiter et al., 2006). It has been shown that the difference between simple and 

choice response latencies is 100 – 300ms (Luce, 1986; Miller, Cohen, Warshaw, Thornton, & 

Kilburn, 1989); therefore, adding the additional task of distinguishing between Turns and Non-

Turns, though more natural, might have contributed to later responses in our study. Further, there 
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is a large variability in inter-turn timing that is often not emphasized in the literature. Although 

talkers, on average, do not leave gaps between turns, the distributions, in fact, range from -600ms 

to 1000ms (Stivers et al., 2009). This is likely due to the fact that the types of turns and other 

contextual factors influence inter-turn times. For instance, it has been shown that the time to 

respond to complex versus simple questions and the emotional valence of the upcoming response 

influences how quickly turn exchanges occur (Casillas et al., 2016; Levinson, 2013). Thus, 

combining many types of turns (e.g., question-answer sequences, Yes-No responses, overlapping 

responses; de Ruiter et al., 2006), influences how the perceivers’ response times can be 

interpreted). Rather than average across all these other sources of variance, we imposed a stricter 

turn selection criteria so that we only focused on one type of interchange, allowing us to control 

for variability due to turn type. 

  The results of Experiment 1 show that the modality in which information is perceived 

influences the accuracy of participants’ responses to the end of a turn with the auditory and 

audiovisual modalities showing similar response precision. However, the fact that we observe an 

audiovisual advantage in participants’ ability to distinguish between Turns and Non-Turns is 

noteworthy. This audiovisual advantage in distinguishing turn types has been shown previously 

(Latif et al., submitted). Further, it has been shown that individuals who converse through 

auditory means (i.e., telephone) interrupt each other more than in face-to-face conversation, 

reiterating this audiovisual advantage (ten Bosch, Oostdijk, & Boves, 2010). Overall, the results 

of this experiment show that the audiovisual advantage in accuracy was not reflected in 

participants’ ability to time their response to the end of a turn, since participants performed 

equally in the audiovisual and auditory-only conditions. This raises the possibility that auditory 

and visual information may serve distinct roles; perhaps visual information is necessary for early 

(and more accurate) signaling of an upcoming turn exchange while auditory information is 

needed to precisely time a response. Knowing when and which information can be reliably used 
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during the course of our interlocutor’s contribution is important to ensure not only well-timed, but 

also coherent contributions (Thórisson, 2002, Bögels, Magyari, & Levinson, 2015).  

  The idea that different cues (e.g., linguistic, visual, auditory) might contribute variably to 

turn perception as the message from the speaker unfolds is not new. Studies examining the 

contribution of auditory cues in turn anticipation have shown, for instance, that syntactic and 

lexical information allow for a listener to anticipate the end of a turn earlier than prosodic cues 

Magyari & de Ruiter, 2012). While prosodic cues, such as falling pitch, can provide information 

that a turn is about to end, it only does so in the final syllables (Bögels & Torreira, 2015). One 

method to study the timing of the use of perceptual information (both auditory and visual) is the 

gating paradigm, which has been used successfully in speech perception. In this methodology, 

participants are presented with successively longer segments of a word in order to determine the 

durational threshold at which information is sufficient to accurately identify the stimulus before 

its completion (Grosjean, 1980). Using this paradigm, it has been shown that visual information 

plays an important role early in speech perception. Further, when single words are presented 

audiovisually, perceivers are able to identify them much earlier in the gating procedure than with 

unimodal information (Jesse & Massaro, 2010). Overall, these studies demonstrate that auditory 

and visual cues independently contribute to the perception of an audiovisual stimulus as it 

unfolds. Perhaps even in the case of turn exchange perception, there are differences in when 

conversational auditory and visual cues can reliably indicate an upcoming turn end.    

  In Experiment 2, we investigated whether auditory and visual information varied in 

when, over the course of a turn, it could reliably indicate an upcoming turn exchange.  
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3.4  Experiment 2 

  In this experiment, we examined the individual (and shared) contributions of visual and 

auditory cues over the course of an utterance leading up to a conversational turn exchange. A 

gating paradigm was used where participants were presented with different amounts of an 

utterance prior to the point of turn exchange. Classic studies using gating procedures presented 

participants with increasingly larger successive segments of a word and have shown that 

information about a stimulus is accrued incrementally until a threshold is reached where it can be 

identified (Grosjean, 1980). Here, we presented different lengths of a sentence prior to the point 

of turn exchange (or prior to the start of the next sentence for Non-Turns), in order to examine at 

what point in time participants could reliably identify an upcoming turn exchange as a function of 

the available information.  Utterances were presented in audiovisual, auditory-only or visual-only 

modalities. 

  In addition to investigating when participants would be able to accurately indicate an 

upcoming turn-end, we were also interested in investigating at which point participants could 

accurately identify when a turn would continue (i.e, the same talker would continue speaking). It 

is possible that the information and the point at which that information can be used differs 

depending on whether a perceiver is identifying a turn-end versus a continuation (i.e., a Non-

Turn). Since different cues might indicate a Turn compare to a Non-Turn, both these turn 

exchange events were included in our gating paradigm.  

3.4.1  Method 

3.4.1.1  Stimuli 

  The Turn stimuli used in this experiment are the same Turn stimuli used in Experiment 1. 

However, here we were interested in determining when over the course of a turn perceivers could 

distinguish between a Turn and a Non-Turn. Therefore, we included an equal number of Turn and 
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Non-Turn trials for a total of 120 Turns and 120 Non-Turns (24 pairs X 5 Turns + 24 pairs X 5 

Non-Turns). Just as in Experiment 1, AO and VO versions were created from the AV version of 

each stimulus. It should be noted that these Turn and Non-Turn stimuli are the same as those used 

in Latif et al. (submitted).  

  Once the Turns and Non-Turns were identified, the stimuli were edited for use in our 

gating procedure. We edited each Turn at four different gates: 600ms, 400ms, and 200ms14 before 

the final gate at the point of turn exchange (T-0; Figure 3.4).  The ‘point of turn exchange’ is 

defined here as the point right when the second talker (Talker B) starts speaking following the 

first talker’s (Talker A) contribution. For the Non-Turns, sentences were edited 600ms, 400ms, 

and 200ms before the final gate at T-0. For Non-Turns, ‘T-0’ is defined as the start of the next 

sentence spoken by the same speaker. This resulted in a total of 960 clips (24 pairs X 5 Turns X 4 

gates + 24 pairs X 5 Non-Turn X 4 gates).  

 

Figure 3.4. Schematic of the gating paradigm. 

Participants were presented clips in three modality-specific blocks. Clips within each block were edited 
such that participants received Turns and Non-Turns at 0ms, -200ms, -400ms and -600ms prior to the point 
of turn exchange or the next sentence. It should be noted that participants did not see or hear Talker B 
speak in any trials. 

                                                        
14	  Note that these values are approximations of the actual values (i.e., -600.60ms, -400.40ms, -200.20ms). 
Videos were edited using number of frames. Gates were created at 6, 12 and 18 frames using a frame rate 
of 29.97fps (33.37ms/frame).	  
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3.4.1.2  Experimental Equipment 

  The video and audio presentation software and equipment were identical to Experiment 

1. Participants responded using a standard keyboard.    

3.4.1.3  Participants 

  Stimuli were presented to participants in three modality-specific blocks (AO, AV or VO). 

Prior to the start of each modality block, participants were given 8 practice trials (with examples 

of Turns and Non-Turns from all gates; 2 Turns and Non-Turns each at -600ms, -400ms, -200ms 

and T-0) with feedback so they could familiarize themselves with the task.  Participants were then 

presented 120 Turn and 120 Non-Turn trials in the three modalities (AO, AV or VO; 80 trials per 

block). The assignment of clips to each gate and modality was counterbalanced so that all clips 

occurred in each modality equally often across all participants, and each clip was presented only 

once to each participant throughout the experiment. That is, participants were presented with 10 

Turns and 10 Non-Turns at each gate (T-0, -200ms, -400ms and -600ms) in each modality-

specific block. Stimulus presentation was randomized and the order of modality blocks was 

counterbalanced across subjects. Participants viewed a fixation cross for 500ms followed by 

presentation of a stimulus. They were asked to identify whether the talker would finish their turn 

at the end of the sentence using a ‘Yes’ or ‘No’ response. It was explained that sometimes, the 

sentences would be incomplete. In those cases, the participant’s task would be to anticipate 

whether the talker would finish their turn when the sentence was complete.   

3.4.2  Results/Discussion 

  Two types of analyses were conducted on our data. In the first analysis, we employed 

methods traditionally used in studies involving gating paradigms and compared the proportions of 

Turns and Non-Turns responses to chance performance (50%) to determine the gate at which 

information in the different conditions was sufficient to recognize a turn exchange. This was 
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analyzed using average participant performance across all items and multiple, Bonferonni-

corrected one-sample t-tests. In the second analysis and just as in Experiment 1, we performed a 

statistical analysis that took both item and subject variance into account (Clark, 1973; Baayen, 

Davidson, & Bates, 2007; Brysbaert, 2007). Here, we fitted a model to analyze how participants’ 

turn exchange perception was predicted by the amount of available information (i.e., gate), the 

modality in which it was presented (i.e., AV, AO & VO) and the turn type (i.e., Turn vs. Non-

Turn).  

  The results of our one-sample t-tests comparing the proportion of Turn responses to 

chance showed that in the AV condition, participants were able to predict an upcoming turn 

exchange 600ms before the end of the turn (-600: t(47) = 2.71, p=.009; t(47) = -400ms: t(47) = 

4.86, p<.001; -200ms: t(47) = 8.08, p<.001; T-0: t(47) = 11.25, p<.001). However, in the AO and 

VO conditions, participants only performed better than chance 200ms before the end (AO: t(47) = 

10.17, p<.001; VO: t(47) = 4.02, p<.001) and at T-0 (AO: t(47) = 11.25, p<.001; VO: t(47) = 

9.50, p<.001). That is, with audiovisual information participants could identify an upcoming turn 

exchange earlier than with unimodal information. It should be noted, however, that participants 

could identify Non-Turns significantly more often than than chance in all modalities at all gates, 

suggesting that the cues for two turn types may be different and may be processed on different 

timelines.  

  For our second analysis, we examined the influence of Modality and Gate on 

participants’ accuracy at identifying Turns and Non-Turns. This was analyzed using a mixed-

effects binary logistic regression. This analysis allows us to identify the effect of predictors (i.e., 

Gate, Modality and Turn Type) on a response variable (i.e. Correct/Incorrect identification of 

stimuli). This analysis was implemented using SPSS’s generalized linear mixed models 

specifying a binomal distribution and a logit link function (GLMM: SPSS 24). We included turn 

type (Turn vs. Non-Turn), modality (AO vs. AV vs. VO) and gate (-600ms vs. -400ms vs. -
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200ms vs. T-0) as fixed factors and used sequential Bonferonni corrections for any follow-up t-

tests. Items and Participants were included as random factors. Participants’ accuracy for Turns 

and Non-Turns was coded as a binary outcome variable (Correct or Incorrect).  

  The results of our mixed-effects analysis revealed significant main effects of Modality 

(F(2) = 14.81, p<.001) and Gate (F(3) = 19.89, p<.001), and a significant Modality x Gate x Turn 

Type Interaction (F(9) = 16.73, p<.001). Participants were generally more likely (Odds Ratio = 

1.3315) to be accurate in the AV condition compared to the AO condition (b=.29, SE = .09, t = 

3.08, p = .002). Participants were also more likely (Odds Ratio = 1.45) to be accurate in the AV 

conditions compared to the VO Condition (b=.38, t=3.97, SE=.09 p <.001). Further, participants 

were significantly better in the T-0 condition compared to all three other gates (T-0 >-600ms: b = 

1.36, t=7.29, SE = .01; T-0 > -400ms: b = 1.0, t= 6.10, SE = .01; T-0 >-200ms: b = .344, t=4.21, 

SE = .01; all p<.001). Pairwise comparisons following up on the significant interaction revealed 

that participants were more accurate in identifying Turns in the audiovisual condition at the 

earliest gate (i.e., -600ms before T-0) compared to both the auditory-only (t=3.97, SE = 0.03, 

p<.001) and visual-only conditions (t=2.85, SE = 0.03, p=.009; Figure 3.5a). However, when 

identifying Non-Turns at the same early gate, participants performed equally in the AO and AV 

conditions but better than in the VO conditions (AV-VO: t=2.907, SE=.03, p = .001; AO-VO: 

t=2.77, SE = .03, p=.01; Figure 3.5b). At later gates closer to T-0 (at -200ms), participants no 

longer demonstrated an audiovisual advantage in turn perception and performed equally in the 

AV and AO conditions compared to the VO condition (AV-VO: t=3.52, SE = .03, p=.001; AO-

VO: t=3.28, SE = .03, p=.002). Right at the point of turn exchange (T-0), there were no 

significant differences in accuracy across all modalities and both turn types.  

                                                        
15 The odds ratio gives a likelihood measure of increase in accuracy given a particular variable. In this 
example, participants were 1.33 times more likely to be correct in the AV condition compared to the AO 
condition (Kleinbaum, Sullivan, & Barker, 2013). 
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Figure 3.5. Average proportion of correct responses for Turn and Non-Turn trials. 

A) Proportion of correct responses for the ‘Turn’ trials. Participants showed a significant audiovisual 
advantage early over the course of turn exchange perception (at -600ms). As the turn progresses, the 
audiovisual advantage is not observed and participants performed better in the audiovisual and auditory-
only condition compared to the visual-only, as indicated by the asterisks. B) Proportion correct response for 
the ‘Non-Turn’ trials. Participants did not show an audiovisual advantage. Early on over the course of turn 
exchange perception, they performed better in the audiovisual and auditory-only condition compared to the 
visual-only condition. 
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  In this experiment, we showed that at the earliest gate, participants needed both auditory 

and visual information for better performance in anticipating an upcoming turn end compared to 

each modality alone. However, with more information about the upcoming turn exchange, 

participants no longer experienced an additional benefit from the combined visual and auditory 

information and performed as accurately as with auditory information alone.  

  A similar pattern of results has been found in previous speech gating studies where an 

audiovisual benefit was found early in the perception of a word (Jesse & Massaro, 2010). At least 

in part, this difference may be due to the nature of audiovisual speech stimuli. It has been shown 

that as speech unfolds, the availability of visual information precedes that of auditory information 

(i.e., the onset of the visual mouth movements occurs earlier than the onset of the voice; 

Chandrasekaran, Trubanova, Stillittano, Caplier, & Ghazanfar, 2009). This may result in cross-

modal processing where the early visual speech stimulus plays a priming role to enhance auditory 

speech recognition (Munhall & Tohkura, 1998). A secondary reason for audiovisual advantage is 

that the two modalities share information that is both complementary and redundant (Massaro, 

1988) and the integration of this information can enhance performance. As auditory and visual 

information accumulates over the course of perception, the audiovisual benefit is no longer 

observable due to the redundancy in the visual and auditory channels (Jesse & Massaro, 2010). 

Considering our observed early audiovisual advantage, a similar explanation might also be 

applied to the perception of turn exchanges. Perhaps early in the perception of turn exchanges, 

auditory and visual cues together provide information consistent with the end of a turn that is 

greater than either modality individually. As the utterance progresses, certainty in the auditory-

only channel increases thus eliminating the audiovisual advantage.  

  It is important to note that the early audiovisual advantage only applied to the perception 

of Turns. The same audiovisual advantage was not observed for Non-Turn perception (i.e., both 

AO and AV were different from VO) suggesting that auditory information was needed to predict 
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that a turn would not end. This is, in fact, consistent with our previous findings (Latif et al., 

submitted) that showed an audiovisual advantage when simply identifying whether or not a Turn -

but not a Non-Turn-, would occur. Here, taking the time course of when that information is used 

into account, we again show that visual cues did not improve on auditory performance when 

perceiving the absence of a turn. In fact, at no point along the course of turn exchange perception 

did the visual cues provide information above and beyond the auditory cues regarding Non-Turns. 

This suggests that the perceptual information needed to make decisions involving the presence of 

an event (i.e., a Turn) and the absence of an event (i.e., a Non-Turn) may be independent, as has 

been previously suggested in the case of general perceptual decision-making (Ashby & Gott, 

1988).  Although the difference in perception of Turns versus Non-Turns has not been 

investigated, our ability to make both these decisions is important for successful communication. 

Failing to identify a turn might result in inappropriately lengthy silences while failing to 

recognize that it is not one’s turn speak would result in interruptions (Clark & Brennan, 1991; 

Sacks et al., 1974). Understanding how we make both these decisions is necessary for a 

comprehensive understanding of turn-taking behavior.  

3.5  General Discussion 

  During conversations, we are faced with the cognitive challenge of gathering multiple 

sources of perceptual information from our conversational partner and using it to plan our 

responses. To achieve the well-coordinated turn exchange behavior observed in conversation, we 

must use available information to not only decide whether it is appropriate to speak, but to also 

decide the most appropriate time to do so. In these experiments, we investigated whether auditory 

and visual information influenced how well participants could time a response to the end of a turn 

and when, over the course of a turn exchange, participants could reliably use these sources of 

information to identify an upcoming turn-end. In Experiment 1, we showed that overall 
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participants were better at discriminating between a Turn and a Non-Turn in the audiovisual 

condition compared to the two unimodal conditions. Further, we showed that although 

participants made anticipatory responses in all three modality conditions, auditory information 

(i.e., the auditory-only and audiovisual conditions) was needed for the greatest accuracy when 

synchronizing a response with the end of a turn. In Experiment 2, we showed that the availability 

of audiovisual cues enhanced early detection of an upcoming turn exchange, as compared to the 

unimodal conditions.   

  Taken together, these results suggest that visual and auditory information may serve 

distinct roles in turn-taking behavior. Perhaps visual information provides an early, clearer signal 

that a turn exchange is about to occur allowing for auditory processes to engage in precise 

response timing. This is supported by the early audiovisual advantage and no response timing 

difference between the audiovisual and auditory-only conditions. These findings lead us to 

speculate what the function of an early audiovisual advantage in turn identification might be if 

not to improve on response timing. Perhaps, an earlier indication of an upcoming turn allows for 

more efficient planning of the content of the upcoming response. It has been suggested that 

although response planning by the listener begins early in the processing of a turn, the most 

cognitively demanding aspects of planning a response occur closer to the point of turn exchange 

(Bögels et al., 2015). With visual information providing an early indication of an upcoming turn, 

it is possible that response planning processes begin sooner, modifying when listeners engage in 

the most cognitively demanding phase of formulating a response. Further, earlier planning may 

influence the nature of the response itself. Differences in response characteristics during 

conversations between individuals interacting either auditorily or in person have been previously 

shown. In a task where participants were required to engage in conversation to solve an object 

repair task, talkers produced shorter, more concise contributions when they had audiovisual 

information from their partner (Kraut et al., 2003). This may suggest that audiovisual information 
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facilitated the production of more efficient responses to better complete the task. Further, it has 

been suggested that when individuals engage through auditory-only means, they elaborate their 

contributions to be more descriptive in comparison to audiovisual interactions, reiterating that the 

medium in which conversations occurs influences the actual response being produced (Clark & 

Brennan, 1991).  Certainly, disentangling the direct relationship between the availability of 

information and the quality of the content produced in responses is a necessary next step in 

understanding the processes involved in reciprocal conversation.  

  Although we have demonstrated the importance of visual information in predicting an 

upcoming turn exchange, many challenges remain before we understand the information 

processing involved in natural turn coordination.  We have yet to identify the specific roles of 

particular visual cues such as facial expression and gaze in the perception of turn exchanges 

(Sacks, 1992; McNeill, 1992). The visual cues involved in conversation are multi-faceted and 

more controlled psychophysics will be required. However, this may prove to be difficult. In our 

and other experiments investigating the perception of turn exchange behavior, participants are 

required to consciously attend to processes that occur automatically in conversations outside the 

laboratory (Garrod & Pickering, 2004). Focusing attention on otherwise automatic processes has 

been shown to influence general information processing in visual and auditory tasks (Shiffrin & 

Schneider, 1977). Although conversational interactions are complex and not all aspects of 

conversation are automatic (e.g., deciding on a topic of conversation), the automatic and 

controlled aspects of conversation and how attentional processes contribute to turn-taking 

behavior have yet to be delineated. Finally, our tasks involved third-person perception of turn 

exchanges. It is possible that different constraints may be in place when not directly engaged in a 

conversation. Visual information may operate differently when one must directly plan and 

execute an appropriate response. In addition, when visual information is most informative may 

depend on other contextual cues such as the intended audience and familiarity with our 
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conversational partner (Garrod & Pickering. 2004). Continued work in this area will lead to a 

clearer understanding of the specific mechanisms involved in ensuring our everyday 

conversations are efficient and successful. 
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Chapter 4 

Interactive Alignment Across Multiple Levels of Natural Conversation 

4.1  Abstract 

  It has been demonstrated that when talkers engage in conversation, they align their 

behaviour with their conversational partner in multiple ways. Over the course of an interaction, 

talkers begin using the same sentence structure and words and adopt similar pitches, speaking 

rates and movement patterns. Although alignment within each of these levels has been 

demonstrated independently, it is unknown whether alignment of behaviour within these 

conversational levels are related. In this study, dyads engaged in an unstructured conversation. 

Here, talkers were provided with a list items from which they were to collaboratively negotiate 

the selection of five items. The item names and descriptions were manipulated such that each 

talker within the dyad received a different item label from their partner. Further the syntactic 

structure of the descriptions provided to each talker varied. We examined alignment between 

talkers at multiple levels: syntactic, lexical, speaking rate, pitch and movement. Our findings 

showed that talkers were more likely to align their behaviour at all levels compared to chance. 

Further, we found that there were significant relationships in alignment between multiple levels 

of conversation; when talkers aligned one level, they were likely to align in one or more other 

levels. In particular, we found significant relationships in alignment between language/speech-

related levels of conversation. Overall, the findings of this study show that alignment behaviour is 

a key feature of conversation and that alignment spans the full complexity of language. These 

findings raise the possibility that alignment may be the mechanism that ensures the success of 

conversational interaction.   
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4.2  Introduction 

When people engage in everyday conversations, they demonstrate a tendency to align 

aspects of their behaviour to one another. Several studies have shown that talkers adopt 

characteristics of each other’s language (e.g., speech rate, accent, lexical items) and coordinate 

their body movements (e.g., posture, facial expressions, overall movements) during conversation. 

Recent accounts of the processes involved in conversation have suggested that behavioural 

alignment is, in fact, part of a broad mechanism that is responsible for ensuring the ease and 

success of our daily interactions. One such proposal is Pickering and Garrod’s (2004) interactive 

alignment account of conversation.  

  The interactive alignment account (Pickering & Garrod, 2004) attempts to explain how 

conversation, despite being potentially cognitively challenging, is perceived to be quite easy. The 

processes that are involved in conversation are quite complex. Amongst others, the challenges 

involved in conversation include the fact that talkers must simultaneously plan what they will say 

while listening to their partner and without direct knowledge of their partner’s exact contribution. 

Further, talkers must comprehend their partner despite that utterances in conversation are 

fragmentary and talkers must ensure that their speech is appropriately timed and appropriate for 

their audience. It has been suggested that the reason why we are not significantly affected by 

these challenges is because conversation is a ‘joint activity’ in which talkers work together to 

establish mutual understanding of one another (Clark & Brennan, 1996). According to the 

Pickering & Garrod account, they achieve this joint understanding by aligning their situation 

models, or the representations that contain information regarding time, space and the individuals 

relevant to the particular conversation (Zwaan & Radvansky, 1998) using a largely unconscious 

process of ‘interactive alignment’ (Pickering & Garrod, 2004). Within the process, talkers align 
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their representations at different levels of conversation from words and sounds to sentence 

structure and overall meaning.  

  The alignment of these representations is proposed to occur through two mechanisms: the 

direct relationship between language production and comprehension processes (i.e., speaking and 

listening) and the involvement of a predictive mechanism. There is considerable evidence that the 

processes involved in production and comprehension are tightly interwoven. Both behavioural 

and neuroimaging studies have demonstrated that there are direct complex relationships between 

the production and comprehension processes (for reviews, Pickering & Garrod, 2009; Casserly & 

Pisoni, 2010; Skipper, Devlin, & Lametti, 2016). During conversation, we covertly imitate our 

partner’s actions in order to form representations of their behaviour at several conversational 

levels. By doing so, we are able to predict our partner’s behaviour and plan our contributions to 

the conversation accordingly, leading to fluent, effortless interaction (Wilson & Knoblich, 2003). 

Because there is a tight coupling because production and comprehension processes, representing 

our partner’s language productions activates our own production processes, thus leading to 

alignment with our conversational partner (Pickering & Garrod, 2004; Pickering & Garrod, 

2013).  

 Many studies have shown alignment at several linguistic levels. Early evidence 

demonstrated in studies of language production in non-interactive contexts showed that talkers 

align their productions with previously encountered language. For example, it has been shown 

that when talkers alternate repeating a sentence and describing a picture, they are more likely to 

align the syntactic structures of their picture description with the same sentence structure they had 

previously repeated (Bock, 1986). These alignment effects have been further observed directly in 

conversational contexts across multiple levels. For example, at the situational level, talkers may 

become aligned on spatial reference frames such that if a speaker refers to an object 

egocentrically (e.g., if the object is located to one’s left), then the other speaker will also adopt an 
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egocentric perspective (Schober, 1993). At the lexical level, it has been shown that when one 

talker uses a particular item label to refer to an ambiguous object, their partner will also use the 

same term (Garrod & Anderson, 1987). Syntactic structures have also been shown to align during 

conversation. In one experiment, when talkers were asked to describe a picture to their partner 

using a single sentence, their partner would use the same syntactic structure when it was their turn 

to describe their picture (Branigan, Pickering, & Cleland, 2000).  

  Alignment during conversation occurs in non-linguistic aspects of conversation, as well. 

For example, acoustic properties of speech (e.g., pitch) become similar between talkers over the 

course of a conversation (Pardo, 2006). Similarities in conversational movement also arise during 

interaction: talkers coordinate their movement patterns (Latif, Barbosa, Vatikiotis-Bateson, 

Castelhano, & Munhall, 2014), align their postures (Shockley, Richardson, & Dale, 2009), and 

synchronize their gaze patterns (Richardson & Dale, 2005).  

  Pickering and Garrod (2004) argue that alignment at all levels allows for talkers to form 

‘implicit common ground’, or a body of aligned representations that is unique to the current 

interaction. Aligning all levels of conversation allows for situational model to become better 

aligned (Menenti, Pickering, & Garrod, 2012). Because both talkers share the same 

representations of each other and the conversational situation rather than forming independent 

representations for themselves and their partner, the efforts involved in conversation are shared.  

Thus, talkers are able to easily communicate without extensive elaboration (Pickering & Garrod, 

2004).  

  One of the key facets of the interactive alignment account is not only that there is 

alignment at all conversational levels but that alignment in fact percolates between levels in a bi-

directional manner. In other words, it has been suggested alignment in one level of conversation 

leads to alignment in one or more other levels (Pickering & Garrod, 2004).  It is believed that this 

occurs because all the levels of conversation are interrelated and when one level is activated (i.e., 
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alignment is achieved), the linked levels activate in response. For example, when a word is 

activated, so is the meaning of the word itself along with all the possible syntactic structures it 

could be utilized within (Pickering & Garrod, 2004). Only a few studies have demonstrated direct 

evidence for percolation of alignment. For example, it has been shown that two talkers are more 

likely to align the syntactic structures of their sentences if the sentences contain the same lexical 

terms than when they do not (Cleland & Pickering, 2003; Branigan et al., 2000). A relationship 

between linguistic and nonlinguistic conversational behaviour has also been shown. In one study, 

it was demonstrated that when talkers repeat each others’ lexical items, they are more likely to 

align their eye movements as well (Dale, Kirkham, & Richardson, 2011). Although these studies 

suggest that there may be a relationship between at least two levels of conversation, no studies to 

date to have examined how alignment at multiple levels is related. Further, when the interactive 

alignment account was originally proposed (Pickering & Garrod, 2004), it only outlined how 

alignment occurred within the linguistic levels of conversation (e.g., semantic, syntactic, lexical). 

Although in later refinements, Pickering and Garrod suggested that non-linguistic alignment may 

occur in a similar manner, they do not specifically outline how alignment might percolate 

between linguistic and non-linguistic levels of conversation.  

  Most research examining conversational alignment has done so using task-based 

dialogue. For example, most studies have required participants to alternate back forth as they 

describe images to their partner (e.g., Branigan et al., 2000; Branigan, Pickering, MacLean, & 

Cleland, 2007; Cleland & Pickering, 2003; Brennan & Clark, 1996). Although these studies 

establish great experimental control, they also contain a limited set of syntactic and lexical 

possibilities that may enhance the incidence of repeated linguistic elements. In fact, Healey, 

Purver & Howes (2014) considered this limitation and analyzed lexical and syntactic alignment in 

two large corpora of natural conversations. Rather than alignment, they found that talkers in fact 
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diverged in conversation and avoided repeating the same syntactic structures and lexical terms. 

Thus, the nature of alignment at different levels of natural conversation is yet to be clarified.  

  The goal of the current study was to investigate conversational alignment at multiple 

levels in conversation. First, we wanted to examine whether alignment at multiple levels of 

conversation did indeed occur during natural conversation with minimal restraints. Second, we 

wanted to examine whether there was a relationship between alignment at several levels of 

conversation. Here, dyads engaged in conversation to complete a consensus-seeking task. We 

manipulated the lexical terms and syntactic structures that were used to describe task instructions 

to each participant within each dyad. We examined alignment at linguistic (i.e, syntactic and 

lexical) and non-linguistic (i.e., pitch, speaking rate, movement) conversational levels.  

4.3  Methods 

4.3.1  Participants 

  Twenty-four same-sex friend dyads (Mage = 19.83 years; 18 female pairs) participated in 

this experiment. Individuals had known each other for an average of 30.96 months (Range: 3 – 96 

months). All individuals within the pairs were native English speakers with no hearing or speech 

difficulties.  

4.3.2  Materials 

  In this experiment, participants engaged in a partially structured conversation. To elicit 

this conversation, we used an adaptation of the Lost at Sea consensus-seeking task originally 

developed to examine group dynamics (Nemiroff & Pasmore, 2008). In the original task, 

participants are provided with a list of items that may potentially be useful for survival if one 

were lost at sea. Participants are first required to individually rank the list of items in terms of 

importance for survival. Then, they engage in a discussion to a come to a consensus regarding the 

importance of each item. We utilized an adapted version of this task in this experiment for two 
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reasons: 1) It allowed us to control for the basic task requirements but still maintain participants’ 

ability to engage in natural conversation and 2) It allowed us to manipulate the information that 

was provided to each participant. 

  In this experiment, the list of items consisted of 13 objects. Each object was presented 

with a label, a description of the object’s potential use and a pictorial image depicting the item. 

From this list of objects, we created two versions (Appendix G). We manipulated the item names 

(i.e., lexical manipulation) and the grammatical structure of the descriptions for each object (i.e., 

syntactic manipulation where one version had an active sentence structure while the other had a 

passive sentence structure). For the syntactic manipulation, the ‘Active’ vs. ‘Passive’ 

manipulation was used because it has previously been utilized in several studies of syntactic 

alignment (e.g. Bock & Loebell, 1990). Although each individual in the pair was receiving the 

same items, the labels and descriptions for those items16 varied between talkers. Instead of talkers 

ranking all items on the list, talkers were required to select five items that they individually felt 

would be most useful for survival. They would then discuss these five items with their partner 

who had also selected five items and come to a final consensus of five items between the two of 

them.  

4.3.3  Procedure 

  Upon arrival to the experimental session, participants were separated into different rooms 

where they were provided with a version of the 13-item list. Participants selected five items from 

the list that they felt would be most useful for survival and would later discuss with their partner. 

To ensure that participants understood the items that they had selected, participants were asked to 
                                                        
16	  To confirm that participants were not biased to using one term over another, the item names were 
normed by an independent group of participants. Two groups of 20 participants rated the acceptability of 
the two versions of item names. They read descriptions with an accompanying picture of an item and rated 
how acceptable they found the item label to the description on a scale of 1(not acceptable at all) to 
7(completely acceptable). On average, participants rated the acceptability of the two versions as 4.7 and 4.8 
on the scale and these were not significantly different from each other.	  
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read aloud to the experimenter each selected item label and description. Once both talkers had 

confirmed their selections, they were seated on fixed chairs facing one another. Each participant 

wore a wireless microphone (Audiotechnica Omnidirectional condenser MicroEarset BP893-TH 

with UniPak transmitter ATW-T310b) with the signal being recorded using a digital recorder 

(Roland R-05). Participants were also video recorded using a high-definition video camera (Sony 

HD Handycam, HDR – XR550) with the field of view encompassing the area around the 

participants from above the head to just below the knee when in seated position. The participants 

were given an unlimited amount of time to discuss their individually selected five items and to 

come to a final consensus17.   

4.3.4  Data Analysis 

  In this experiment, we analyzed alignment for five different aspects of the conversation: 

lexical, syntactic, speaking rate, pitch and overall movement. 

4.3.4.1  Lexical and Syntactic Alignment 

  Lexical and syntactic alignments were analyzed using the DiaSim software (Healey et al., 

2014). Transcripts of all the conversations in the consensus-seeking tasks were created18. To use 

the DiaSim software, the transcripts were first parsed using the Stanford Natural Language 

Parser. The Stanford parser is a probabilistic parser, meaning that it uses knowledge of language 

that has been gained from hand-parsed sentences (i.e., the parser has been trained on databases of 

text that were manually parsed) to characterize a new sentence’s structure based on the most 

likely sentence construction. Using this tool, parse trees and subtrees are created that are based on 

                                                        
17 The experimenter was not physically present during the conversation sessions although the conversations 
were being monitored  

18	  For transcriptions, the third-party transcription service Scribie (www.scribie.com) was utilized. The 
audio file for each conversation was provided to trained transcribers. All transcriptions were then manually 
verified for accuracy.	  	  	  
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groups of words that correspond to particular grammatical rules. For example, the parse tree in 

Figure 4.1 consists of four subtrees that are indicated within the circles.  

 
Figure 4.1. Example syntax tree 

This syntax tree, taken from one of our task conversations, indicates four subtrees. 

 

  We then used DiaSim to calculate similarity based on pairs of talker turns, where the 

sentences spoken by one talker within a single turn were compared to sentences spoken by the 

other talker during their turn for the entire conversation. Syntactic similarity between turns was 

calculated as the number of matching subtrees (trees that had identical syntactic production rules) 

using the following formula:  

	  %	  𝑆𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦	   = 	  
𝑁-.

(𝑁--×	  𝑁..)
 

 

  Here, NAB is the number of matching subtrees between Turn A and Turn B while the 

normalization factor is (𝑁--×	  𝑁..) which accounts for the combined number of subtrees in 

both turns. Lexical similarity uses the same calculation except that NAB refers to the number of 

S

NP VP

PRP

I

VBD NP

DT NNS

chose the liquids

PRP<=<Personal<Pronoun

S<=<Sentence
NP<=<Noun<Phrase VP<=<Verb<Phrase

VBD<=<Past<Tense<Verb NNS<=<Plural<Noun
DET<=<Determiner
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matching words between Turn A and Turn B. An individual’s turn during a conversation will 

often consist of multiple sentences. Although the parser parses these constituent sentences 

individually, the similarities are calculated across the whole turn. To calculate similarities for a 

pair of turns, the arithmetic mean of pairwise similarities between the sentences within each turn 

are used.   

4.3.4.2  Speaking Rate, Pitch and Movement Similarity 

  Since in this study, we wanted to be able to compare across multiple levels of 

conversation, we needed a method to characterize similarity in speaking rate, pitch and movement 

that were comparable to syntactic and lexical similarity. Thus, we adapted the formula used for 

DiaSim to calculate similarity in the remaining three measures.  

  First, speaking rate, pitch and movement per talker turn were determined. Speaking rate 

was calculated as the number of syllables/minute during each talker’s turn. Speaker pitch (or the 

vocal fundamental frequency) was calculated using Praat software (Boersma & Weenink, 2013). 

The average pitch per turn was calculated. To calculate movement, optical flow analysis was 

performed (Horn & Schunck, 1981) using FlowAnalyzer software (Barbosa, 2016). Optical flow 

is a standard image-processing technique that estimates motion by computing the pixel 

displacements within a region of interest (ROI) between consecutive frames in a video. The 

amount of pixel displacement is summed within an ROI to provide a global value of motion for 

each frame. Here, ROIs were created around each talker in our conversation. Average motion 

across each talker’s turn was calculated as our measure of movement. Similarity for each of these 

three levels was then calculated using a modified DiaSim formula.  

  The DiaSim method for syntactic and lexical similarity uses the number of shared 

subtrees or words within a turn. However, Pitch, Speaking Rate and Movement are attributes that 

have specific values associated with each talker. Thus, it is challenging to identify how much 

pitch, speaking rate or movement is ‘shared’ between talkers. Here for all three attributes, we 
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assigned the lower value between both talkers as the amount that was shared, leaving the 

difference in values between two talkers as the amount that they did not have in common. For 

example, if Talker A had an average pitch of 250Hz and Talker B had an average pitch of 260Hz, 

then the pitch they share is 250Hz and the remainder (10Hz) is the difference between the talkers. 

Instead of shared subtrees or words used in the original DiaSim calculation (NAB), we used shared 

speaking rate (SAB), shared pitch (PAB) and shared movement (MAB).  In the syntactic and lexical 

similarity, this shared value was divided by a normalization factor that accounted for the 

combined number of subtrees or words between pairs of turns ( (𝑁--×	  𝑁..)); i.e., the root 

product of the number of subtrees or words spoken by Talker A and Talker B). Here, we used 

each individual talker’s actual speaking rate, pitch and movement value for their turn. In the 

example above, the normalization factor would be (250	  ×	  260). The formulas used to calculate 

speaking rate, pitch and movement similarities are as follows:  

 

%	  𝑆𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦	  𝑆𝑝𝑒𝑎𝑘𝑖𝑛𝑔	  𝑅𝑎𝑡𝑒 = 	  
𝑆-.

(𝑆--×	  𝑆..)
 

 

 

%	  𝑆𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦	  𝑃𝑖𝑡𝑐ℎ = 	  
𝑃-.

(𝑃--×	  𝑃..)
 

 

 

%	  𝑆𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦	  𝑀𝑜𝑣𝑒𝑚𝑒𝑛𝑡 = 	  
𝑀-.

(𝑀--×	  𝑀..)
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4.4  Results 

4.4.1  Conversational Descriptives 

  On average, participants spent 9:09 minutes (Range: 2:40 – 25:25) to come to a 

consensus about their items. During their conversations talkers used an average of 10 items out of 

the possible 13 that were provided to them however, there was no item that was never used by at 

least one conversational pair. Further, on average, pairs mentioned the task items 92 times during 

their conversation.   

4.4.2  Conversational Manipulation 

  We examined whether our lexical and syntactic manipulations affected the content of 

conversations. Since each talker was provided a different lexical item and varying syntactic 

structure for the description of each item, we wanted to examine the distribution of their lexical 

item and syntactic structure use. This method is similar to how lexical and syntactic alignment 

has been examined in previous studies where participants are required to describe pictures to one 

another: the proportion of each talker’s use of their partner lexical item or syntactic structure is 

identified (e.g. Branigan et al., 2000; Branigan, Pickering, Pearson, McLean, & Brown, 2010).  

  For lexical items, participants were significantly more likely to use their own term than 

their partner’s term (Mean Difference = 0.25; t(23) = 12.51, p<.001). We further examined the 

specific manner with which participants referred to their task items. The transcripts were coded 

for the use of task items as follows:  

a)   Convergence: Spontaneous production of the partner’s label for an item 

b)   New Word: Collaborative negotiation of a new word to refer to the item which was 

neither of the two words provided to the participants 

c)   Reversal: Instances where the talker reverted to their original label after using their 

partner’s label at least once 
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d)   Equating behaviour: Instances where the talker produced their partner’s label in an 

effort to equate it with their own (e.g. ‘Okay, so mine was liquids but that’s like your 

fluids.’) 

e)   Clarifying behaviour: Instances where the talker produced their partner’s label in an 

effort to clarify discrepancies (e.g. ‘Wait, it was labeled liquid?’) 

f)   Confirmation behaviour: Instances where a talker produced their partner’s label to 

confirm that they had come to a consensus 

e.g.  ‘S1: So have we reached a consensus?  

   S2: Have we?  

   S1: Metal sheet, dry rations 

   S2: Fluids  

   S1: Fluids and the pole’ 

g)   Spontaneous production: Instances where the partner’s label was produced by the 

talker without any prior use of that particular label.  

h)   Own word: Use of the talker’s own provided label (i.e., no alignment).  

 Figure 4.2 demonstrates that participants most preferred negotiating a new item label with their 

partner than aligning with their partner’s item label (Mean = 0.41, SE = 0.03). In fact, participants 

even preferred maintaining their own item label over alignment (Mean = 0.35, SE = 0.02). It 

should, however, be noted that 75% of pairs realized that they received different lists which may 

have increased the incidence of maintaining their own label. Overall, although there were some 

instances where participants responded to the lexical manipulation during the conversation, 

lexical alignment was not as prevalent as negotiation of a term unique to the conversational 

partners. 
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Figure 4.2. Proportion of references to target items in the task conversations categorized by reference 
type 

 

  We next examined the participants’ use of syntactic structure during conversation. The 

transcripts were coded for the following:  

a)   Active sentences:  Sentences in which the subject performs the action denoted by the 

verb (e.g., ‘I chose the fishing rod’). 

b)   Passive sentences: Sentences where the subject is the recipient of the action denoted 

by the verb (e.g., ‘The fishing rod was chosen by me).  

c)   Fragments: Sentences where a complete sentence is not spoken often but not 

exclusively because of interruption, completion by a partner or of self-correction 

(e.g., ‘I chose the…okay, so the description said…’) 

d)   Other: This category included confirmation words (e.g., ‘Yes’), common phrases 

(e.g., ‘Thank you’), directives (e.g., ‘Hold on!’) and questions that did not contain a 

subject or an object (e.g., ‘Why?’).  
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 The distribution of syntactic structure usage is presented is Figure 4.3. As the figure shows, 

participants most frequently use active sentence structure (Mean = 0.48, SE = 0.01) and only use 

passive sentence structure about 2% of the time (Mean = 0.018; SE = 0.002). The use of active 

sentence structure is much more frequent in spoken English compared to passive structure. In 

fact, our frequency of passive structure use is consistent with previous corpus studies that have 

shown that passive structure use in spoken English is approximately 3% (Roland, Dick & Elman, 

2007). Previous studies that manipulate sentence structure to induce talkers’ alignment with the 

presented sentence have shown that talker’s increase their production of passive sentence 

structure by 8% (Bock, 1986). Our findings did not show such an increase in comparison to the 

frequency of passive structure use in spoken English. We further examined whether those who 

were given passive-structure descriptions for their items used them significantly more than those 

who were given active-structure descriptions. We computed the proportion of times a talker used 

a passive structure depending on whether they were given an active or passive description. No 

significant differences were found between the passive talkers and active talkers (t(23) = -0.69; p 

= .49). Both groups of talkers were equally likely to use a passive structure during the 

conversation.  

  Taken together with the reported incidence of passive structure use in natural 

conversation, this suggests that participants did not respond to the syntactic manipulation. Talkers 

continued using passive sentence structure at a frequency that they would have during any natural 

conversation. A noteworthy finding is the large incidence of sentence fragments. Many studies 

that have provided strong evidence for syntactic alignment have done so using a task-based 

approach. In this approach, participants are required to use complete sentences to describe 

pictures (e.g., Branigan et al., 2000). However, natural spoken language, in fact, has a large 

incidence of fragmentary utterances, as is evident here. Previous large-scale corpus studies have 
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shown that the incidence of fragmentary utterances is as high as 58% of conversations (Rieser & 

Moore, 2005).  

 
Figure 4.3. Proportion of sentence type used in the task conversations. 

 

4.4.3  Assess of Overall Conversational Alignment 

  The overall amount of syntactic, lexical, pitch, speaking rate and movement similarity 

was examined using the analyses outlined in the methods section. To compare whether the 

amount of similarity in these features exceeded similarity observed by chance, random 

distributions were created for each of these conversational properties. In each of the 24 

conversations, each turn was paired with a turn from any of the other conversations, excluding the 

real interlocutor. This generated 24 random conversations between individuals who were not 

actually interacting. Syntactic, lexical, speaking rate, pitch and movement similarities were 

individually computed between pairs of random turns and the average similarity within each level 
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conversations was then was computed for each level.  This process was repeated for 1000 

iterations to generate a random similarity distribution that was composed of 24,000 random 

conversations for each of the conversational levels.  

  We performed one sample t-tests that compared the similarity between talkers in actual 

conversations with the average of the random distributions generated for each conversational 

property. We found that the amount of similarity between talkers was greater in actual 

conversations compared to random conversations (Syntactic (t(23) = 5.32, p<.001); Lexical (t(23) 

= 15.54, p<.001; Pitch (t(5.94; p<.001)19; Speaking Rate: (t(23) = 2.67; p=.01); Movement: t(23) 

= 4.75; p<.001; Figure 4.4). The greatest difference from chance was demonstrated in the lexical 

similarity, possibly because the participants’ task required them to identify a small set of specific 

objects that were repeatedly referred to throughout the conversation. Although we did not see a 

large tendency to adopt a partner’s specific label for an object as has been shown in previous 

studies (e.g., Branigan et al., 2011), participants still demonstrated a tendency to use the same 

word by implicitly or explicitly negotiating a new label together (Clark & Brennan, 1996). While 

the syntactic and lexical similarity here exceeded that observed in the random conversations we 

generated, this underestimated the true magnitude of the similarity. All conversational pairs 

received the same stimuli and thus were more likely to use similar language than a typical 

conversation. Therefore, we also generated a random distribution from another corpus, the Santa 

Barbara corpus of spoken American English (Du Bois, Chafe, Meyer, Thompson, Englebretson & 

Martey, 2000-2005). Observed syntactic and lexical similarity was significantly greater than these 

random distributions as well (Syntactic: t(23) = 18.61, p<.001; Lexical: t(23) = 27.16, p<.001). 

                                                        
19	  It should be noted that the difference between observed similarity and chance for pitch was not simply 
due to the inclusion of mixed gender pairings in the random control. When the analysis was carried out 
restricting to a same gender random pairs, the same effect was observed.	  	  
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As expected, the significant difference between the observed and random distributions were far 

greater than compared to the random distributions created from our own conversation corpus. 

 
Figure 4.4. Average similarity between talkers in our task. 

Talkers in our task were compared to random pairings of talkers who did not actually converse. Results at 
all conversational levels show significantly greater similarity for our task talkers compared to chance.  

 

  It is noteworthy that the amount of similarity for speaking rate, pitch and movement is 

substantially higher than syntactic and lexical similarity. One possibility is that these attributes 

are constrained in certain ways during conversations: speech properties are constrained by 

physiological limits of the speech production system (Lieberman & Blumstein, 1988) and talker’s 

motion was relatively limited in our conversation because they were seated in fixed chairs as they 

conversed. Further, the movement measure was a relatively global measure of all movements by 

the talker. A single region of interest was created around the talker and, as a result, the smaller 

mouth movements and the larger body movements were summed together for a single motion 

value. Thus, if most talkers did not make many large motions, then their total movement was 

calculated based simply on speech-related movements (i.e, mouth, jaw).  
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  It is also possible that these differences may be a result of how these attributes are 

measured. Both syntactic and lexical similarities are identified using a specific number of shared 

subtrees or words that can extend the full range of the similarity measure (i.e., 0 (no similarity) to 

1 (perfect similarity)). In contrast, speaking rate, pitch and movement are attributes with values 

that make it challenging to determine what is ‘shared’. Further, there is a specific range within 

which these values can fall influencing our measurement of similarity. In particular, our 

measurement would be restricted by the physiological limitations of the human voice (Lieberman 

& Blumstein, 1988); there is no such thing as ‘no similarity’ and the lowest observable similarity 

measurement is determined by the range of possible values for each attribute. For example, the 

true physiological limitations on vocal pitch can be determined by the extended range of trained 

singers. The lowest male singing vocal range starts at approximately 65Hz (Schneck, Berger & 

Rowland, 2006) while the female singing vocal range maximum is approximately 1315Hz 

(Lamarche, Ternström & Pabon, 2009).  Using our similarity calculation, the minimum similarity 

that can be achieved based on the physiological limits is 22% (Proportion Pitch Similarity = 

65/Sqrt(65*1315)). However, realistically, the vocal pitch range of conversation is much more 

restricted. On average, in natural speech, females range from 147-363Hz (Lamarche et al., 2009) 

while males range from 85-180Hz (Bakan, 1987). Using even these more realistic values, the 

minimum similarity that can be observed in conversational speech using a male talker at 85Hz 

and a female talker at 363Hz is 48%. It should however be noted that our conversations did not 

have any mixed gender pairs so the range of possible similarity between our talkers is even 

smaller. Despite the limited range of the similarity measure for these attributes, this method of 

measurement still allows us to observe relative differences between talkers, making it possible to 

characterize alignment much in the same manner as syntactic and lexical similarity. Overall, these 

data suggest that conversational interaction, in general, elicits alignment along multiple levels.  



 82 

4.4.4  Assessment of the Relationship Between Multiple Levels of Conversational Alignment 

  To assess whether there was a relationship between alignment at different conversational 

levels (i.e., Syntactic, Lexical, Pitch, Speaking Rate and Movement), a Pearson correlation 

coefficient, r, was computed for all possible pairings for each conversational pair. For each pair 

of talkers, the similarity time series for two variables (e.g., Syntactic and Lexical similarity) were 

correlated with one another to determine whether fluctuations in similarity in one variable were 

related to fluctuations in another variable. This resulted in a single correlation value for each of 

the possible variable pairings that assessed the relationship between similarity in these variables 

across the conversation.  

  To determine whether, on average for the experiment, there was a relationship between 

the conversational levels, average correlations across all participants were computed using 

Fisher’s z’ transformation method. It has been shown that when multiple correlations are 

averaged using an arithmetic mean, there is an underestimation of the average correlation value 

because the sampling distribution of the correlation coefficient is skewed (Silver, Dunlap, 1987; 

Corey, Dunlap & Burke, 1998). One widely-used solution that reduces this bias is to compute 

Fisher’s z’ transformation and calculate statistics based on the z’ values instead of the raw r 

values. (Kenny, 1986).   

All r values were transformed to z’ values using the following formula:  

 

𝑧′ =
1
2
𝑙𝑛

1 + 𝑟
1 − 𝑟
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  Then, the arithmetic mean of z’ values was taken across all 24 pairs to produce a matrix 

of average correlation values. The average z’ value was then transformed back to back to an r 

value using the following equation: 

 

𝑟GH = 	  
𝑒IGH − 1
𝑒IGJ + 1

 

 

  To determine whether the average correlations between conversational levels were 

statistically significant, a null distribution was created using a Monte Carlo resampling method. 

Two random signals of equal length20 were generated that contained values that ranged from 0-1 

(i.e., the same range of values output from our similarity measures). The correlation between 

pairs of two signals was computed for 1000 iterations. The probability of our observed correlation 

values occurring within the generated null distribution was determined. Our observed correlations 

with significant effects are displayed in Figure 4.5. Results showed that the alignment in syntax 

correlated significantly with lexical alignment, speaking rate alignment and pitch alignment. 

Further, lexical alignment correlated significantly with speaking rate and the relationship between 

lexical alignment and pitch alignment was marginally significant (p = .07). The only observed 

relationship between movement alignment and any speech-related level was the significant 

correlation with lexical alignment. It is possible that this correlation was observed because the 

conversational task required referring to specific objects. Previous studies have shown that talkers 

show a strong tendency to form iconic gestures when referring to discrete objects during 

conversation (Beun & Cremers, 1998). It should be noted, however, that the variance accounted 

for by the correlations between lexical alignment and both pitch and movement alignment was 

                                                        
20	  This length was arbitrarily selected as 430, the length of the longest conversation in our sample.	  There is 
generally no specific rule for the sample size that is used to run Monte Carlo simulations other than the fact 
that these sample sizes should be large to accurately estimate the likelihood of an event (Owen, 2013).	  
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quite small. This indicates that although these conversational levels influence each other to an 

extent, there are other relationships within conversation that are more dominant.  

 
Figure 4.5. Average correlations between different levels of conversational alignment. 

Significant correlations are indicated. The color scheme indicates the size of the observed correlations. 

4.4.5  Consideration of Time-Varying Conversational Alignment 

  In examining conversations, it is important to take into consideration that conversational 

behavior is not stationary; rather, it dynamically changes and evolves (Latif et al., 2014). Further, 

information in conversation unfolds along different timescales (e.g., individual sounds unfold 

quicker than complete sentences; Hasson, Chen & Honey, 2015) influencing the rate of 

conversational variation. In this study, we had several sources of conversational information that 

could be measured on different timescales. For example, lexical and syntactic variation is 

determined within each talker’s turn. On the other hand, motion variation is measured on a frame 

by frame basis (i.e., this is determined by the frame rate of our camera which in this case was 

30fps).  However, in order to be able to directly compare similarities between the different 

conversational levels, we averaged across our largest scale (i.e., the scale of lexical and syntactic 

variation). In other words, we averaged the similarity in motion within each turn. Although this 
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method allowed us to directly compare similarity between conversational levels, it should be 

noted that motion similarity between talkers within a given turn is far more dynamic than was 

captured by our averaging. Figure 4.6 shows movement similarity calculated on a frame a frame-

by-frame basis within a single turn along with lexical and syntactic similarity. The figure shows 

three turn exchanges between two talkers in a conversation. It is apparent that although there are 

certainly some correspondences in overall rises and falls in similarities between these measures, 

that motion similarity varies quite significantly within a given turn.  

 
Figure 4.6. Movement similarity variation within each talker turn. 

Although movement similarity was calculated on the average movement within each turn, it is apparent that 
movement similarity evolves more dynamically than syntactic or lexical similarity. 
 

  Although there is certainly variability across conversational levels, it is also clear that 

there may be a correspondence in similarity patterns across levels. However, characterizing 
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similarity across different conversational levels relate to one another. In other words, our 

correlation values characterized the constant relationship between these levels. However, this 

method did not capture how these relationships may change over time. It is possible that there 

may be moments of strong and weak or no coupling of behavior within a single conversation. 

One possible solution is to capture these time-varying relationships using an analysis of 

instantaneous correlation across the entirely of a conversation. In this method, a moving 

‘window’ of values from one signal is compared to a second signal. Instantaneous correlation is 

computed within the window at each signal value. The values contained within the window are 

exponentially weighted such that values further from the correlation point are weighed less than 

those that are closer (Barbosa, Déchaine & Vatikiotis-Bateson, 2012). In this manner, the 

relationships between two signals can be captured dynamically over the entire length. Using the 

similarity between pairs of turns for the whole conversation as our signal for each conversational 

level, we can find the correlation between the different levels of alignment. In other words, we 

can determine whether the relationship between levels varies as the conversation proceeds. All 

possible instantaneous correlations between different conversational levels are displayed in 

Figure 4.7 for a sample conversation.  
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Figure 4.7. Instantaneous correlations between multiple levels of conversation computed for a sample 
interaction between one pair of talkers. 

 

  It is quite clear from this figure that relationships between different levels may be 

dependent on one another; rises and falls in correlation between multiple levels appears to 

correspond temporally at certain points. Although such a method is certainly suitable for 

capturing the relationships in a matter that is sensitive to the time-varying structure of natural 

conversation, it is only suitable for relationships within a single conversation. In order to 

characterize the general relationships between alignment in multiple levels within conversations, 

new computational methods will be required. The appropriate methodology must be able to 

capture the temporal relationships while making no assumptions regarding the stationarity of 

behavior.  
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4.5  Discussion 

  Alignment of conversational behaviour has been widely investigated in speech and 

communication research (e.g., Branigan, Pickering, McLean & Cleland, 2007; Branigan et al., 

2011; Levitan & Hirschberg, 2011; Shockley et al., 2009).  From serving purposes of language 

learning (for review, Pickering & Ferriera, 2008) to mutual task completion (Clark & Brennan, 

1996), alignment has been thought to serve an important role in conversation. More specifically, 

it has been suggested that alignment along multiple conversational levels is the mechanism by 

which we engage in effortless conversation (Pickering & Garrod, 2004). Consistent with previous 

studies that have shown alignment in structured conversational tasks, we demonstrated that, even 

in natural conversation, talkers displayed alignment in their behaviour at several levels. Talkers 

utilized more similar syntactic structures, lexical items, vocal pitch, speaking rate and movement 

patterns than would be expected by chance. Although previous individual studies have 

demonstrated alignment at all these levels, we showed for the first time that talkers within a 

single natural conversation demonstrate a tendency to align multiple aspects of their 

conversational behaviour. Further, we showed that there were significant relationships in 

alignment between many of these conversational levels. Similarities in most speech-related levels 

(i.e., syntactic, lexical, pitch and speaking rate) were significantly correlated with one another. 

However, similarity in conversational movement patterns showed no relationship to most speech-

related similarity.  

  Although our patterns of alignment are consistent with previous research, the magnitude 

of the effect in our study varies. Previous studies have shown rather large effects of alignment. 

For example, Branigan et al. (2000) showed that when participants heard a particular syntactic 

structure from a conversational partner, they produced 25-55% more syntactically similar 

sentences. Conversely in our study, we found that participants’ similarity during conversation 

only exceeded chance by approximately 5-10%. We suspect that these differences in alignment 
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magnitude are related to task constraints involved in studies of conversational alignment. One of 

the initial motivations of this study was to examine alignment in natural conversation. Previous 

studies demonstrating conversational alignment have utilized strict task constraints to elicit 

language productions. For example, images are described to conversational partners in a 

sequential manner using complete sentences (e.g., Branigan et al., 2000; Brangian et al., 2007; 

Clark & Brennan, 1996; Schober, 1993). However, in such tasks, participants are restricted to 

producing a limited number of syntactic constructions21. During a natural conversation, the 

possibilities for responses are significantly greater. Thus, it is quite remarkable that even in our 

less restricted context, talkers showed similar alignment effects to those observed in structured 

tasks. This is consistent with previous studies that show that behaviour in structured tasks scale 

up to the complexity of natural conversation (Brown-Schmidt, Campana & Tanenhaus, 2004). 

The study here demonstrates that alignment in conversation is flexibly modified by the interactive 

context.  

  Differences in alignment between structured versus unstructured contexts have been 

considered previously. Healey et al. (2014) utilized two large corpora of natural conversations to 

assess syntactic and lexical similarity. They found that talkers in fact diverged in similarity rather 

than become more aligned; talkers’ sentence similarity between pairs of turns was found to be 

significantly below chance suggesting a concerted effort to be less similar to one another. Our 

results were not in line with the findings reported by Healey et al. (2014). We found consistent 

similarity across all our tested conversational levels. This may have been the case because of 

                                                        
21	  In most of these studies, talkers are required to describe pictures in which an actor is performing an 
action toward another person or object (e.g., ‘The girl gave the book to the boy’). Participants in these tasks 
are only allowed to use a single sentence to describe their picture or request clarification by saying ‘Please 
repeat’. Therefore, their contributions were likely to take similar form. In contrast, although our task 
required talkers to speak about a few specific objects, they were free to do so in a natural conversational 
manner. Further, they were not explicitly asked to avoid talking about other objects or topics and often 
interjected non-task related contributions into their task conversation  
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differences in the amount of structure in the conversations used for the analysis of similarity. 

Although our conversations were relatively unstructured in that talkers were allowed to interact 

freely, they were still restricted to the extent that all talkers had a specific task goal with 

discernible criteria for communicative success. Conversely, the corpora used in Healey et al. 

(2014) contained truly unstructured conversational contexts (e.g., causal coffee room chat 

between friends). This raises the possibility that communicative contexts can be characterized on 

a continuum from scripted interactions to truly unstructured conversations and that the amount of 

interactive alignment observed may reflect such a continuum. It has been suggested that having 

specific task goals may be important for the occurrence of similarity in conversational behaviour 

(Reitter & Moore, 2014). Perhaps alignment behaviour is dynamically adjusted depending on the 

amount of structure imposed on a conversation. 

  Another reason our findings may have been inconsistent with Healey et al. (2014) is that 

there were differences in the types of conversations that were used to calculate similarity. Healey 

et al. (2014) utilized the Diachronic Corpus of Present-Day Spoken English (Davies, 2009) and 

the British National Corpus (BNC, 2007) for their analysis. Both these corpora contain diverse 

conversations sampled from various age groups, locations and social classes. Perhaps the reduced 

similarity between talkers was a function of contextually dependent talker variability.  

  There is considerable evidence that talkers vary how they speak depending on to whom 

they are speaking and in what context. For instance, talkers modify their speech and language 

depending on the gender (e.g., Mulac, Wiemann, Widenmann & Gibson, 2009) of their 

conversational partners and based on the formality of the situation (Grawunder & Winter, 2010). 

Further, similarity between talkers is also modified by social factors. Although talkers do indeed 

align with their partner’s speech and language in certain instances (e.g., greater familiarity; 

Gonzales, Hancock & Pennebaker, 2010; greater cooperation; Manson, Bryant, Gervais & Kline, 

2013), they also diverge in other instances. For example, talkers have been shown to diverge from 
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their conversational partner based on differences in gender (Henton & Gilles, 1986), attitude 

towards their partner (Abrego-Collier, Grove, Sonderegger & Yu, 2011) and dialect differences 

(Bourhis & Giles, 1977). Since Healey et al. (2014) collapsed across a diverse range of 

conversations, it is possible that the incidence of dissimilarity between talkers in some 

conversations may have reduced measures of alignment. Relatively speaking, our conversational 

pairs were quite homogenous; all talkers were same-sex friends who were native English 

university students of similar age (Average age difference between conversing talkers was 0.43 

years) completing an identical task.  The alignment differences observed between Healey et al 

(2014) and this study, potentially due to the composition of the talker sample, suggests that 

greater consideration must be given to the influence of contextual and social factors on alignment 

during conversation.    

  One of the primarily goals of this study was to not only examine whether talkers aligned 

at multiple levels during conversation but whether there was a relationship between alignment at 

these levels. Consistent with previous studies, including large scale corpus studies (Cleland & 

Pickering, 2003; Branigan et al., 2000; Healey et al., 2014; Reitter, Keller & Moore, 2006; Gries, 

2005), we found a significant relationship between syntactic alignment and lexical alignment. In 

addition, we also found relationships between conversational levels that have not been formally 

tested in previous studies. We found significant relationships between syntactic alignment, 

speaking rate alignment and pitch alignment. In addition, we found significant relationships 

between lexical alignment and both speaking rate and pitch alignment. It is interesting that we 

find relationships with speaking rate and pitch. Previous studies looking at alignment at these two 

levels have been inconsistent in their findings; some studies have found evidence for alignment in 

both these levels (e.g., Levitan & Hirschberg, 2011) while other studies, although indicating that 

observers perceive alignment between talkers, show no relationship to specific measures of pitch 

or speaking rate (for review, Pardo, 2013).  
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  It is possible that the correlations observed in this study may be due to the inherent 

relationships that have been shown to exist between levels in language. For example, it has been 

shown that the likelihood of producing a lexical item is increased if that item is produced within a 

specific syntactic structure that is more readily associated with the word (Griffin & Bock, 1998). 

Further, in conversation, it has been shown that the likelihood of aligning syntactic structures 

with a partner is increased if both talkers refer to the same lexical item (Branigan et al., 2000) or 

even if the item they refer to is semantically related (Cleland & Pickering, 2003). In fact, the 

reason that Healey et al. (2014) suggest for not observing significant syntactic alignment was 

because they accounted for the inherent relationship between syntactic and lexical similarity by 

including lexical similarity as a covariate. However, the fact that we find correlations between 

other conversational levels, including those that don’t contain both lexical or syntactic alignment 

(e.g., Lexical and Speaking rate) suggests that alignment is not simply being driven by lexical 

similarity.  

  A noteworthy finding in this study was that we did not observe any relationships between 

most of the speech or language-related factors and movement similarity. Although many studies 

have demonstrated alignment in movement patterns during conversation (for review, Shockley et 

al., 2009), very few studies have explicitly examined the relationship between movement and 

language-related behaviour. The only known study that has examined such a relationship has 

done so by investigating the association between similarity in gaze behaviour and lexical 

similarity (Dale et al., 2011). The finding that global movement similarity did not relate to most 

speech-related similarity was surprising. Previously, studies have demonstrated significant 

contributions of movement to speech-related processes. For example, viewing hand gestures has 

been shown to enhance language comprehension (Kelly, Barr, Church & Lynch, 1999) and 

visible head movements have been shown to improve speech intelligibility in noisy conditions 

(Munhall, Jones, Kuratate & Vatikiotis-Bateson, 2004). Further, a significant relationship 
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between the speech signal and facial movement has been shown (Yehia, Kuratate & Vatikiotis-

Bateson, 2002). It is possible that that we did not observe these relationships because movement 

and language may serve distinct roles in conversations. Communicative success includes ensuring 

that informational content is transmitted and that social dynamics between talker are established 

(Garrod & Pickering, 2004). While language alignment may promote the comprehension of 

information, movement alignment may relate more to the social aspects of conversation. Indeed, 

previous studies have shown that movement alignment has a significant relationship with social 

dynamics. For example, it has been shown that talkers with good rapport and an established 

friendship are more likely to align their movement (Latif et al., 2014; Grahe & Bernieri, 1999). 

However, there is far less evidence for the relationship between movement alignment and 

language-based similarity. The only known studies that have shown such a relationship are those 

that demonstrate that the coupling of eye movements leads to enhanced alignment in lexical terms 

(Dale et al., 2011) and greater mutual understanding (Richardson & Dale, 2005). Perhaps 

alignment in the various conversational levels cohesively contributes to both informational and 

social communication. 

  It is also possible that we were unable to find the relationship with movement because the 

timescale at which movement information unfolds during a conversation may be significantly 

different from language-related components. It has been shown that information in language is 

processed at different scales that vary from milliseconds (e.g., individual sounds) to minutes (e.g., 

narratives; Hasson et al., 2015). Further, it has also been suggested that human movement is 

organized in a hierarchical structure much like the language processes (Perdikis, Huys & Jirsa, 

2011). It is only with a more temporally-sensitive methodology, as suggested by the results of this 

study, that we will be able to precisely determine relationships between largely varying 

conversational levels. 
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  The primary goal of individuals engaged in conversation is to ensure that successful 

communication occurs. The interactive alignment account provides a possible explanation for 

how talkers are able to achieve this goal (Pickering & Garrod, 2004). Here, we presented 

evidence that supported the predictions of this account: that talkers align at multiple levels and 

that there a relationship between alignment at these levels. However, we do not yet have evidence 

to determine the functional utility of this alignment or how it arises during conversation. It is 

possible that alignment occurs through an automatic priming mechanism that activates all 

representations corresponding to a perceived utterance, thereby making it more likely to produce 

similar utterances (Pickering & Garrod, 2004; Bock, 1986). However, it is also possible that 

alignment occurs as a product of the mutual comprehension goals – talkers implicitly agree to use 

the same language to communicate because they can be certain they understand one another 

(Clark & Brennan, 1996). The understanding of the complex processes involved in conversation 

is still its infancy. Studies such as this in which we examine behaviour within a natural 

communicative context provide the theoretical framework for attaining a comprehensive 

understanding of conversational interaction. 
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Chapter 5 

The Influence of Talker Affiliation on Phonetic Convergence During 

Natural Conversation 

5.1  Abstract 

During conversation, the manner in which we speak is influenced by the individuals we interact 

with. It has been shown that our speech sounds become increasingly similar to those produced by 

our conversational partners in a phenomenon known as phonetic convergence. In this study, we 

examined whether familiarity between talkers influenced convergence during a single 

conversational interaction. Pairs of friends and pairs of strangers engaged in an interactive task. A 

perceptual similarity task was then used to determine similarity between talkers early and later in 

the conversation. It was found that independent observers perceived friends to sound more similar 

than strangers overall although no specific acoustic feature correlated with this affiliation 

difference.  However, both friends’ and strangers’ speech became increasingly perceived as 

similar (i.e., convergence) over the course of the conversation. Overall, these results show that 

although familiarity with one’s conversational partner resulted in greater speech similarity in 

general, simply conversing with another individual led to phonetic convergence for both friends 

and strangers. 
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5.2  Introduction 

  On a daily basis, humans reciprocally perceive and produce speech in order to 

communicate with others through conversation. Both speech production and perception are 

presumed to be harmoniously linked, influencing one another during the communication process 

(for review, Casserly & Pisoni, 2010). Speakers are known to modify acoustic properties such as 

vocal pitch (e.g., Goldinger, 1998) and the formant frequencies of vowel productions (e.g., Babel, 

2012) based on what they hear in a conversation. In particular, they demonstrate a tendency to 

start sounding more similar to perceived speech in a phenomenon known as ‘phonetic 

convergence’ (also known as imitation, accommodation, or alignment). The strength of this 

convergence is influenced by a number of factors such as the frequency of the perceived words 

(i.e., lower frequency words were imitated more; Goldinger 1998) and the presence of visual 

information from the talker (i.e., greater speech similarity with visual information from the face; 

Babel, 2012; Dias & Rosenblum, 2016).  

   Phonetic convergence has been observed on different communicative timescales. On a 

shorter timescale, ‘shadowing tasks’ have been used where participants are required to repeat a 

word spoken by a ‘model talker’ immediately after hearing it. Independent observers perceived 

speakers’ imitated utterances to sound more similar to the shadowed model than words produced 

independently (i.e., while not shadowing a model; Goldinger, 1998; Babel, 2012). On a much 

longer timescale, it has been shown that individuals who relocated to a geographical region with a 

dialect different than their own, adopted speech that sounded more similar to the local accent over 

the course of several months (Evans & Iverson, 2007).  

  Talkers’ speech productions also become more similar to one another over the course of a 

single conversational interaction. In one experiment, two talkers engaged in a conversation to 

complete an interactive problem-solving task. Here, speech samples from both talkers taken after 

the interaction were rated by independent perceivers as sounding more similar to each other than 
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samples taken before completing the task (Pardo, 2006). It has been suggested that convergence 

during a conversation serves a functional role; greater similarity between talkers’ speech allows 

them to better comprehend one another (Shepard et al., 2001) and align their mental 

representations (Garrod & Pickering, 2004) in order to accomplish mutual conversational goals 

(Clark, 1996). 

   Although convergence serves a functional role for the successful exchange of ideas 

during conversation, conversation is largely a socially motivated activity. Thus, the extent to 

which speech similarity is presented in conversation is greatly influenced by several social 

factors, such as the characteristics of the individuals we interact with. For instance, talkers 

converge more when they share the same regional dialect with their partner (Kim, Horton & 

Bradlow, 2011), female talkers converge more than male talkers (Namy, Nygaard & Sauerteig, 

2002) and less dominant talkers converge to those who are more dominant (Bortfeld, Leon, 

Bloom, Schober & Brennan, 2006; Pardo, 2006). One particular social factor that influences 

convergence in talkers is familiarity with one another. In general, it has been shown that talkers 

modify their speech production when speaking to a familiar person compared to someone to 

whom they have never spoken (Campbell, 2007). Further, increased interaction and thus, 

familiarity with a person has been shown to induce long-term convergence. In a study conducted 

by Pardo, Gibbons, Suppes & Krauss (2012), pairs of college roommates’ speech were compared 

before meeting and at three points over the academic year. Overall, phonetic convergence was 

observed as a function of increased familiarity; independent raters perceived greater similarity 

later in the school year than before meeting and acoustic measures of particular vowel sounds 

corroborated this pattern of findings.    

  Although the influence of familiarity on convergence has been broadly demonstrated on a 

longer timescale (i.e., greater similarity after months of interaction; Pardo, 2006), convergence at 

a more local level has never been investigated. More specifically, it is unknown whether 
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familiarity between talkers increases the degree of convergence within a single conversation. 

During conversation, convergence has been utilized by talkers to demonstrate perceived social 

dynamics. Talkers exhibit similar behavior to their partners during conversation to demonstrate 

degree of liking, social distance and establish rapport (Shepard, Giles & Le Poire, 2001). Further, 

convergence may also enhance pro-social behavior such as cooperation during interaction 

(Manson, Bryant, Gervais & Kline, 2013). Given that convergence may serve social functions in 

conversation, such as displaying social dynamics, it is possible that familiarity may induce greater 

similarity during a single conversation than shown by strangers.  

  Familiarity between talkers has previously been shown to influence similarity in non-

speech behavior during conversation. It has been shown that affiliation between talkers (i.e., 

friends versus strangers) influences the quantity of observed movement coordination; interactions 

between friends produce greater similarity in movement patterns than interactions between 

strangers (Bourgeois & Hess, 2008; Latif, Barbosa, Vatikiotis-Bateson, Castelhano & Munhall, 

2014; Golland, Arzouan & Levit-Binnun, 2015). Non-speech behavioral similarity between 

talkers during social interactions is thought to involve perceptually influenced processes similar 

to those involved in speech production (Chartrand & Bargh, 1999). Further, movement alignment 

is thought to serve the same functions, such as establishing rapport and achieving mutual 

understanding, as phonetic convergence (Grahe & Bernieri, 1999; Clark & Brennan, 1991). Given 

the commonalities in the underlying processes and social functions, it is likely that affiliation 

between talkers would influence acoustic similarity as it does movement similarity during a 

single conversation.  

  In this study, we investigated phonetic convergence between pairs of friends and pairs of 

strangers as they completed an interactive task. We investigated whether the amount of 

convergence between talkers over the course a conversation varied as a function of their 

affiliative status (i.e., friends versus strangers). We evaluated convergence through measures of 
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perceived global similarity using a perceptual similarity task and by examining whether specific 

acoustic properties of the talkers’ speech supported perceptual similarity judgments. 

5.3  Methods 

5.3.1  Conversation Elicitation Task 

5.3.1.1  Participants 

  Twenty Queen’s University undergraduates were recruited in pairs. Five pairs of friends 

and five pairs of strangers (Friends: Mean age = 19.70 years; Strangers: Mean age = 18.70 years; 

all females) completed the conversation task. All females were selected for this task based on 

prior evidence that females converge more than males (Namy et al., 2002). Since we were 

primarily interested in examining differences in the degree of convergence between two 

affiliation groups, we selected a subgroup that is known to exhibit greater convergence in general. 

All participants were native English speakers with no hearing or speech impairments. Friend pairs 

had known each other for an average of 2.60 years while it was confirmed that stranger pairs were 

not acquainted.  

5.3.1.2  Materials 

  To elicit the conversations, we used the ‘Diapix’ task (Kim et al., 2011; Van Engen, 

Baese-Berk, Baker, Choi Kim & Bradlow, 2010). Some tasks used to elicit conversation require a 

specified ‘director’ and ‘receiver’ which imposes a hierarchy amongst talkers (e.g., the Map Task; 

Anderson, Bader, Bard, Boyle, Doherty, Garrod et al., 1991). It is known that talker role 

influences direction of convergence (e.g., Pardo, 2006). Therefore, the Diapix was selected 

because it requires equal contribution from both talkers for successful task completion, allowing 

for the possibility of bi-directional convergence.  

  In this task, talkers are given one of two versions of a visual scene (Picture A and Picture 

B) and are not allowed to see each other’s version. The scenes have been created such that there 
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are 10 differences between the two versions. Three elements are present in Picture A but not in 

Picture B, three elements are present in Picture B but not in Picture A and four elements are 

present in both Pictures but vary in a physical property (e.g., color of the element; for images in 

Diapix task, see Van Engen et al., 2010). Talkers must describe the images to each other in order 

to identify the 10 differences between their two pictures.  

5.3.1.3  Procedure 

  In this experiment, participants in each pair were seated across from each other with a 

music stand between them to hold their picture as they completed the task, allowing unrestricted 

use of hand gestures to speak (Figure 5.1). Each participant wore a wireless headset microphone 

(Audiotechnica Omnidirectional condenser MicroEarset BP893-TH with UniPak transmitter 

ATW-T310b) with the audio signal recorded using a digital audio recorder (Roland R-05). Prior 

to beginning the Diapix task, each participant was recorded reading a list of 28 words. This list 

was composed of words for elements within each image (e.g., ‘cat’, ‘cheese’, ‘box’; full list of 

words is provided is Appendix A), which were interspersed amongst filler words that represent 

several English vowel sounds (i.e., ‘heed’, ‘had’, ‘hawed’, ‘hood’, ‘who’d’, ‘head’, ‘hid’). 

Following this, participants were provided with their respective versions of the Diapix task. 

Participants were asked to engage in the task with no time constraint and until all differences had 

been identified. All pairs succeeded in finding all ten items. Friend pairs were faster than 

strangers at completing the task (MFriends = 3.24 mins versus MStrangers = 4.17 mins) however this 

difference was not statistically different (p = .29). Following the completion of the Diapix task, 

participants repeated the same list of items they had read prior to the start of the task. 
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Figure 5.1. Setup for the Diapix task. 

 

5.3.2  Perceptual Similarity Task 

5.3.2.1  Participants 

  A group of 18 undergraduate participants (Mean Age: 21.06 years; 14 females), 

independent from those who participated in the Diapix task, performed the perceptual similarity 

task. All participants were native English speaking with no speech or hearing impairments. 

5.3.2.2  Stimuli 

  To assess convergence, an XAB perceptual similarity task was used as has been used in 

previous convergence studies (e.g., Kim et al., 2013). In this task, an independent group of 

listeners hears a model speech token ‘X’ followed by two other speech tokens ‘A’ and ‘B’ and 

listeners are asked to indicate which of the two tokens sound more similar to the model. This kind 

of similarity task is used as a global assessment of convergence because it involves perceptual 

integration across multiple acoustic features (Pardo, 2006).  In our convergence assessment task, 
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we presented listeners with speech samples from our recorded Diapix conversations. A speech 

sample from one talker was followed by speech samples from the other talker that were taken 

from either early or late in the conversation. To obtain early and late speech samples, three 

utterances were extracted from the first third and three from the last third of the conversations. 

The same criteria as those used in Kim et al. (2013) were used to select these samples. Utterances 

were selected to be 1) At least 1s in length, 2) a single complete sentence and 3) produced 

fluently without any hesitation or backchanelling from the other talker. In total, 120 speech 

samples were selected from the friend and stranger pairs (3 samples X 2 time points X 2 talkers X 

10 conversations). All samples were normalized to be the same volume.  

5.3.2.3  Procedure 

The participants were seated in front of a computer in a quiet room and speech stimuli 

were presented through headphones (Sennheiser HD265). Stimuli were presented using E-Prime 

(Psychology Software Tools, Inc. Pittsburgh). In each trial, participants heard a triplet of speech 

samples, the ‘Model’ followed by speech sample ‘A’ or ‘B’ with an inter-sample interval of 

500ms. Each triplet contained a speech sample either early or late from one talker as the model 

and both an early and late sample from the other talker in the same pair for comparison (Figure 

5.2). The assignment of the second talker’s early and late tokens to the ‘A’ and ‘B’ was 

counterbalanced across subjects. A total of 360 trials were presented: (3 Early Talker A ‘Model’ 

tokens X 3 Talker B tokens) + (3 Late Talker A ‘Model’ tokens X 3 Talker B tokens) + (3 Early 

Talker B ‘Model’ tokens X 3 Talker A tokens) + (3 Late Talker B ‘Model’ tokens X 3 Talker A 

tokens) = 36 X 10 conversations.  To avoid fatigue, the experiment was divided over two 

consecutive days. On each day, participants listened to 180 trials (inter-trial interval was 1000ms) 

that were randomized into 4 blocks of 45 trials and participants were allowed rest between each 

block. Trial presentation within blocks was randomized. The experiment took approximately one 

hour on each day. Participants were instructed to indicate using a keyboard press whether they 
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believed sample A or sample B to sound more similar to the model. Participants were asked to 

make their decision on overall similarity since no two samples were identical in content.   

 

 
Figure 5.2. Schematic depicting XAB triplets in the perceptual similarity task. 

 

5.4  Results 

5.4.1  Perceptual Similarity Task 

  The data from this experiment were analyzed using a repeated-measures analysis of 

variance (ANOVA) using Model Type (Early vs. Late) and Affiliation (Friends vs. Strangers) as 

factors. The proportion of times participants’ indicated that a ‘Late’ sample sounded more similar 

to the model was analyzed. Results showed a significant main effect of Model Type (F(1,17) = 

6.22, p=.02, partial eta = .27) and Affiliation (F(1,17) = 12.38, p=.003, partial eta  = .42). 

Participants perceived ‘late’ models to sound more similar to ‘late’ tokens indicating an increase 

in similarity between talkers later in the conversation (Mean Difference = .039, SE = .01, p = 

.023; Figure 3). Further, participants perceived friend pairs to sound more similar than stranger 
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pairs overall (Mean Difference = .032, SE = .009, p = .003). However, the interaction between 

Model Type and Affiliation was not significant (F(1,17) = .005, p = .94), indicating that the 

relative difference in perceived similarity between friends and strangers remained consistent over 

the course of the conversation (Figure 5.3). 

 

Figure 5.3. Average proportion of ‘Late’ responses made to tokens presented from early versus 
late in the conversation for Friend pairs and Stranger pairs. 

 

  A critical point that is often not addressed in previous studies of phonetic convergence is 

whether, in addition to differences between groups, participants indicate a ‘late’ response reliably 

more often than chance (i.e., do participants indicate a later sample as sounding more similar 

more often than 50% of their responses?). We re-examined the main effects from our ANOVA in 

terms of comparison to an equal likelihood that ‘early’ and ‘late responses’ were made. Using 

one-sample t-tests, we showed that perception of convergence later in the conversation did, in 

fact, exceed chance (t(35) = 4.26, p<.001) . Further, we demonstrated that only friend pairs were 
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reliably perceived to converge more often than chance (t(35) = 3.09, p = .004) while no 

convergence was perceived in strangers (p=.97). 

5.4.2  Similarity in Acoustic Features 

  Although the perceptual similarity task evaluates a global assessment of similarity across 

multiple acoustic features, we wanted to conduct a secondary analysis to examine whether 

specific speech parameters known to converge in previous studies were correlated with our 

pattern of perceptual findings. Since we found that friends were found to be similar, we examined 

whether friend talkers in the Diapix conversation showed greater similarity in average pitch (i.e., 

fundamental frequency F0), average speaking rate (i.e., syllables per minute spoken), average 

vowel formant frequencies (i.e., the first and second formants, F1 and F2) and average vowel 

space area (i.e., two dimensional area created by connecting the F1 and F2 values for the corner 

vowels /æ/, /i/, /u/, /ɔ/) later in their conversation as a function of their affiliation. 

   To analyze pitch, we used Praat software (Boersma, 2001) to analyze the average 

fundamental frequency (F0) for each of the early and late speech samples for the 10 pairs of 

talkers. We computed the average difference in F0 for Talker 1 and Talker 2 in the early and late 

samples.  

  To analyze speaking rate, we calculated the number of syllables per minute spoken in 

each of the early and late samples. We computed the average difference in speaking rate for 

Talkers 1 and 2 in the early and late samples.  

  To analyze vowel formant frequencies and to examine shifts in vowel space, we used 

Praat software to estimate the first and second formants frequencies (F1 and F2) of the words in 

the list produced before and after the Diapix task. The frequencies were measured from the center 

of the vowel to produce the most stable estimates. To calculate similarity in vowel productions, 
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we computed the Euclidean distance22 between Talker 1 and Talker 2’s productions using their 

respective F1 and F2 values for each word for both the pre-task and the post-task utterances. We 

calculated the average distance for all words, for only the filler words and for the task related 

words to see if relevance of the word had an impact.  

  To calculate vowel space area, we used the F1 and F2 values for corner vowels /æ/, /i/, 

/u/, /ɔ/ in ‘had’, ‘heed’, ‘who’d’ and ‘hawed’ which create a vowel quadrilateral (Sapir, Ramig, 

Spielman & Fox, 2010). The area of the two-dimensional space between those vowels was 

calculated. To do so, we calculated the areas of the /i u a/ and the /i ae a/ triangles that compose 

the vowel quadrilateral using Heron’s method: Area = Square Root (s(s-a)(s-b)(s-c) where s = 

(1/2 (a+b+c) and a, b and c represent the three sides of the triangle (calculated using the 

Euclidean distance). The total area of the quadrilateral was determined by summing the areas of 

both triangles (Neel, 2008; Ciocca & Whitehill, 2013). These areas were calculated for pre- and 

post-task utterances. We computed the average difference in area between Talker 1 and Talker 2 

at both time points.  

  All four acoustic measures were submitted to a two-way multivariate analysis of variance 

(MANOVA) with Affiliation (Friends vs Strangers) and Time Point (Early vs. Late23) as fixed 

factors. Overall, the combined influence of the acoustic factors was not significantly determined 

by affiliation or time point. There was no significant main effect of Affiliation (p=.24) and Time 

Point (p=.96) and no significant interaction (p=.26). However, marginal Affiliation X Time point  

interactions specifically for speaking rate (F(1,16) = 3.15, p = .09) and total vowel space area 

(F(1,16) = 2.15, p = .16), were observed. These trending effects suggested that friends may have 

                                                        
22	  The formula used to compute the Euclidean distance was: Square Root ((wordTalker 1’s F1 – wordTalker 2’sF1)2 
+ (wordTalker 1’s F2 – wordTalker 2’sF2)2).  

23	  For the formant frequencies and the vowel space measures, ‘early’ and ‘late’ corresponded to ‘pre-task’ 
and ‘post-task’ observations.	  	  
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converged later in the conversation (i.e., reduced differences in average speaking rate and average 

vowel space area) while strangers may have become more dissimilar (i.e., increased difference 

later in the conversation). More specifically, the means of our marginally significant interaction 

for speaking rate showed that the difference in speaking rate between friend pairs slightly 

decreased later in the conversation while the difference in speaking rate between stranger pairs 

greatly increased later in the conversation (i.e., strangers became more dissimilar later in the 

conversation; Figure 5.4a). In terms of the difference in total vowel space area, the difference in 

vowel space between friend pairs greatly decreased later in the conversation while the total vowel 

space difference between stranger pairs slightly increased later in the conversation (Figure 5.4b).  

 

Figure 5.4. Average speaking rate and vowel space area.  

A) Average difference in speaking rate between talkers at early and late points in the conversation for 
friend and stranger pairs. B) Average difference in total vowel space area between talkers at early and late 
points in the conversation for friend and stranger pairs.  
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5.5  Discussion 

Phonetic convergence between interacting individuals is a well-documented phenomenon (e.g. 

Pardo, 2006; Giles, Coupland, & Coupland, 1991; Shepard et al., 2001; Kim et al., 2011). 

Numerous studies have implicated social factors as the driving force behind the incidence of 

speech similarity (e.g., Pardo, 2006; Pardo et al., 2012; Babel 2012; Dias & Rosenblum, 2011). It 

has been argued that convergence serves as a way to minimize the social distance between 

interacting individuals, enhancing mutual understanding (Shepard et al., 2001; Clark, 1991).  

Consistent with previous studies, we demonstrated that over the course of completing an 

interactive task, greater perceived similarity was observed later compared to early in the 

interaction. However, the affiliation between talkers did not specifically influence the rate at 

which similarity increased as a conversation proceeded; rather it influenced how much speech 

similarity was observed overall. These results extend the findings of Pardo et al. (2012) that show 

that familiarity enhances convergence between talkers over the course of several months. Here, 

we show that although friends do indeed sound more similar than strangers, the similarity 

between friends can be further enhanced through a single conversational interaction. Further, we 

found that no specific acoustic measures directly correlated with either the convergence from 

early to late in the conversation nor the affiliation difference in overall similarity.    

  It is not surprising that no specific acoustic measures correlated with our perceptual 

similarity measures. It has previously been suggested that the most reliable indicator of 

convergence is not any one acoustic measure but rather the combined influence of all measures 

(Pardo, 2013; Kim et al., 2011). The perceptual experience of speech integrates across multiple 

acoustic-phonetic dimensions with the resulting percept being greater than the individual parts. 

Because of this, it has been suggested that the perceptual similarity task, like the one used here, is 

the most reliable indicator of convergence in speech because it requires participants to make a 

more global assessment of similarity based on an integration of features (Pardo, 2006). Further, it 
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has been suggested that different acoustic features may serve distinct functions. For instance, 

some attributes may be used to make one’s utterance more distinctive while others may be used to 

indicate affiliation (Pardo, Jay, Hoshino, Hasbun, Sowemimo-Coker & Krauss, 2013). However, 

here, we were unable to identify any particular acoustic feature related to the differences in 

similarity due to affiliation. It is possible that our sample size (i.e., the number of pairs in our 

diapix task), though appropriate for the perceptual similarity task, was too small for analysis of 

specific acoustic features. Despite this, we did observe a trending influence on speaking rate and 

vowel space, demonstrating that friends sounded more similar while strangers sounded more 

dissimilar. Both speaking rate and specific vowel productions have previously been observed to 

converge during interactions between talkers (Giles et al., 1991; Babel, 2012). 

  The finding that friends were perceived to sound more similar to one another than 

strangers was expected. First, it has been proposed that any adjustments to speech production 

occur as a product of social distance and liking (Giles et al, 1996; Shepard et al., 2001; Babel, 

2012). This suggests that friends would sound more similar to one another than strangers because 

of their pre-established social distance. Second, there is considerable evidence that listeners use 

and encode many indexical properties and non-linguistic aspects of individual talkers’ speech 

when making phonetic decisions (Abercrombie, 1967; Laver & Trudgill, 1979; Pisoni, 1993; 

Johnson & Mullennix, 1997; Pierrehumbert, 2001).  Rather than being discarded as noise, 

acoustic characteristics of the talker’s identity, emotional state, dialect and gender are thought to 

form part of a rich episodic trace that influences linguistic categorization and is involved in 

perceiving important social and personal information in communication.  The more frequently 

people interact and thus are more familiar with one another, the stronger and more influential 

these episodic traces are (Goldinger, 1998; Goldinger, 2007).  To the extent that perception is 

thought act to prime production (Garod and Pickering, 2004; Goldinger, 1998; Pardo, 2006), 

hearing familiar voices would have a greater influence on speech production. 
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  Another possibility is that perceived similarity reflects overall stylistic adjustment 

between talkers rather than an explicit modification of specific speech features. In general, it has 

been shown that we flexibly modify our speaking style depending on the age, gender and 

relationship to the individual with whom with conversing. Particular to affiliation, it has been 

shown that friends and strangers adopt distinct styles of speaking to one another that vary on 

multiple factors such as warmth, politeness and energy (Ishi & Campbell, 2004). Further, 

strangers report greater anxiety and uncertainty during conversations in experimental settings 

than friends, contributing to measures of perceived communication effectiveness (Gudykunst & 

Nishida, 2001). Perhaps because the friends were more comfortable within the experimental 

setting, they were quicker to revert to their natural speaking style that they normally use with 

each other. This is supported by our finding that independent observers indicated similarity in 

friends more often than chance but did not exceed chance for strangers despite generally 

perceiving similarity later compared to earlier in the conversation. It is possible that our short task 

was sufficient for friends to exhibit significant stylistic similarity. On the other hand, although 

strangers also showed convergence by the end of the conversation, perhaps they needed extended 

interaction to achieve a comparable level of similarity.  

  Despite differences in overall similarity due to prior affiliation, the fact that both friends 

and strangers converged over the course of the conversation is noteworthy. It has been suggested 

that convergence aids in achieving goals (Clark, 1996) and mutual comprehension (Shepard et al., 

2001). In this case, both friends and strangers had the same goal of solving the interactive 

problem and both were successful at completing the task with no differences in the amount of 

time it took to complete it. This suggests that convergence over the course of a single interaction, 

as assessed by perceptual similarity measures, is not primarily reliant on the relationship between 

talkers; rather, it may be a product of mutual task goals. This is inconsistent with previous studies 

that have shown that some social dynamics such as dominance hierarchies and inter-talker rapport 
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do influence convergence (e.g., Bortfeld et al., 2006; Manson et al., 2013). However, social 

dynamics are complex and it is possible that certain social factors may directly influence the 

success of the task at hand while other factors may not have as large an influence. For example, 

dominance relations have been shown to cause disfluencies in conversational contributions due to 

increased interruptions and topic control by the more dominant speaker (Ferguson, 1977; Itakura, 

2001), potentially posing problems for task completion. It is, however, unknown whether 

engaging in an interactive task is necessary for convergence; it could be that convergence arises 

simply from conversing with another individual, with or without explicit task requirements. In 

either case, it appears that a social factor such as affiliation between talkers does not enhance 

convergence during conversation. 

  The results of this experiment and others examining phonetic convergence in 

conversational interaction suggests refining how we study the phenomenon as a whole. Phonetic 

convergence has often been presented as an inherent part of conversational interactions (Pardo, 

2013). However, though the observation of phonetic convergence is prevalent, it is far from 

consistent. It has been reported in some interactions and not others within the same experiment 

(Pardo et al., 2012) and inconsistent findings have been reported regarding the influence of 

specific acoustic features (e.g., convergence in speech rate in some studies; Giles et al, 1991) and 

not others (e.g., Niederhoffer & Pennebaker, 2002; Pardo et al., 2013). Like all previous studies 

on this phenomenon, the effect size in our perceptual experiment is quite small. These small 

effects sizes are intriguing considering that behavioral convergence has been suggested to be 

pivotal for success in multiple aspects of conversation (e.g., task completion, social bonding). 

One suggestion for these modest effects is that we are examining dynamically changing 

conversation at discrete time points (e.g., before and after; early and late). Conversation is a non-

stationary process where similarity in behavior changes and evolves over the course of the 

interaction (Latif et al., 2012). Perhaps the methods used here and in previous convergence 
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studies are too insensitive to capture behavior that is changing at a much more detailed timescale 

and not in a cyclical or stationary manner.  

  The experiment presented here demonstrates the influence of affiliation on phonetic 

convergence during social interaction. Here, we show that although affiliation between talkers 

influences overall similarity, it is the engagement in a mutual interactive task that dictates 

convergence during conversation.  Perhaps, the phonetic convergence phenomenon is a product 

of a much broader social mechanism. The tendency to converge with others begins early 

(Meltzoff, 1988) and has several social functions including skill learning (Over & Carpenter, 

2013) and acquiring theory of mind (i.e., the ability to infer others’ mental states; Meltzoff, 

2002). The overall goal of developing such abilities is to ensure that we are building the 

relationships necessary for our social well-being and are able to successfully communicate 

(Hughes & Leekam, 2004). However, social interactions are quite complex and are shaped by our 

current goals in addition to several other factors such as those we interact with and their 

intentions. Overall, studies like the one presented here broaden our understanding of how social 

factors such as affiliation influence speech during conversation and highlight the importance of 

including such factors in theories of speech production.   
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Chapter 6 

Watching Friends Talk: Perception and Gaze Behavior in Affiliation 

Judgments 

6.1  Abstract 

  Our ability to recognize the affiliation between individuals is essential for guiding the 

formation of our social network. However, it is unclear how we use social cues in our 

environment to make informed decisions regarding affiliative behavior. One possible cue is 

movement coordination. During social interaction, talkers align their conversational movements 

(e.g., similarities in posture and gestures) and this similarity is more pronounced between friends 

than strangers. Here, we used gaze behavior to examine how perceptual encoding processes 

handle available coordination information when judging the affiliation between interacting 

individuals. By controlling the talker visibility, we demonstrated that participants varied their 

perceptual and gaze behavior during this affiliation recognition task. When full bodies were 

visible, participants were more accurate in distinguishing friends from strangers. When only the 

heads were visible, participants relied more on talker movement coordination to make their 

decisions even though this was misleading for some pairs. The spatial and temporal 

characteristics of their gaze behavior also varied with viewing conditions suggesting different 

information-gathering strategies were used producing distinct recognition abilities. Further, 

individual differences in the specific gaze strategies employed were found. We suggest that the 

availability of information modifies what cues we prioritize to recognize affiliative bonds.  
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6.2  Introduction 

Social perception is one of the key facets of human behavior. Through the perception of 

social information, we make a wide range of inferences and decisions about others that guide our 

own actions (for review, Rutherford & Kuhlmeier, 2013). These include the recognition of others’ 

emotions (Adolphs, 2002) and intentions (Knoblich & Sebanz, 2008) and judgments of 

personality traits (Vogt & Colvin, 2003). Often these perceptual decisions are made quickly using 

limited information and with a high degree of accuracy (for review, Weisbuch & Ambady, 2011). 

One of the most important functions of social perception is the recognition of others’ 

relationships, affiliations and social bonds. By forming representations about others’ affiliative 

behavior, we acquire the blueprint for modifying our own behavior during the formation our 

social relationships (Anderson & Glassman, 1996; Garrod & Pickering, 2004). Hence, our 

recognition of others’ relationships serves an important role in the formation of our own 

successful friendships. 

 Certainly, top-down contextual processing plays a large role in our social judgments. 

Our perceptions of others are shaped by factors such as our own personal motivations (Hughes, 

Zaki & Ambady, 2016) and the individuals in our social surroundings (for review, Xiao, Coppin 

& van Bavel, 2016). However, in addition to contextual factors, there are specific patterns of 

perceptual cues that are directly associated with these social judgments. For instance, facial 

features such as the eyes and lips are significant predictors of accurate personality judgments 

(Kramer & Ward, 2010) while minimal body movement information (i.e., point-light walkers) is 

sufficient for accurate recognition of emotions (Atkinson, Tunstall & Dittrich, 2007). Studies 

such as these showing accurate social judgments from limited perceptual information form the 

basis for a line of research known as ‘thin-slicing’ (Weisbuch & Ambady, 2011). Thin slice 

research is motivated by the idea that humans are highly attuned to relevant sources of perceptual 

information that allow them to quickly and accurately make important social judgments (Rule, 
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Adams, Ambady & Freeman, 2012). Given the social value of making affiliation judgments, it is 

likely that there are particular perceptual cues that allow for the recognition of friendships 

amongst others. 

   Several differences in how friends and strangers interact have previously been identified. 

For example, talkers are more willing to express emotion when conversing with their friends than 

with strangers (Clark & Taraban, 1991) and individuals are able to empathize more with those 

they know than those they do not (Meyer, Masten, Ma, Wang, Shi, Eisenberger & Han, 2013). 

However, it is unclear what specific perceptual information might be used by an external observer 

to distinguish interactions between friends and strangers.  One possibility is the way individuals 

move when they engage in social interaction.  It is known that when individuals interact, their 

motion patterns become similar to one another in a phenomenon known as movement 

coordination. During interaction, talkers produce similar postures, facial expressions, mannerisms 

and even similar gaze behavior (Shockley, Richardson & Dale, 2009; Bernieri & Gillis, 2001; 

LaFrance & Broadbent, 1976; Richardson, Dale & Tomlinson, 2009). Several lines of evidence 

have demonstrated that movement coordination is related to the nature of interactions and the 

relationship between those interacting. It has been observed that movement coordination is 

enhanced when individuals have good rapport (Bernieri & Gillis, 2001; McIntosh, 2006) and that 

the affiliation between people is correlated with an increase in coordinated movement (i.e., 

friends are more likely to coordinate their movements than strangers; Bourgeois & Hess, 2008). 

In studies where the focus was to explicitly quantify the strength of movement coordination as a 

function of affiliation, it was demonstrated that friends exhibited more coordinated movement 

than strangers (Latif, Barbosa, Vatikiotis-Bateson, Castelhano & Munhall, 2014; Golland, 

Arzouan & Levit-Binnun, 2015).  

   Individuals are perceptually sensitive to these similarities in movement. When observers 

perceive coordinated behavior between two interacting individuals, they are more likely to rate 
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the talkers as having good rapport (Chartrand & Bargh, 1999; Lakens & Stel, 2011). It has also 

been shown that we are more likely to initiate affiliative interactions with others after observing 

coordinated behavior (Over & Carpenter, 2013). However, the manner in which coordination 

information is used to judge affiliation between two individuals is complex. In a study conducted 

in our lab, we demonstrated that although observers were able to use this cue to make affiliation 

judgments (i.e., friends vs. strangers), they only did so when they did not have complete visual 

information of the interacting individuals (e.g., when only the heads of the talkers were made 

visible to the observers; Latif et al., 2014). Thus, since social contexts vary in their information, 

individuals must modify how they gather social cues to make the most reliable decisions 

regarding others’ affiliative behavior. 

 Previous studies have shown that the quantity of information that is available influences 

the manner in which we make social decisions. For example, performance in identity recognition 

is significantly lowered when facial features are not visible (Hobson, Ouston & Lee, 1988). 

Further, it has been shown that combined information from the whole body (i.e., cues from both 

the head and body regions) enhances sensitivity to emotional expressions and increases accuracy 

of social judgments regarding factors such as personality (for review, see de Gelder, 2009).  

  Gaze behavior is often used to show how perceptual information is selected as a 

function of both information availability and the specific social decision.  For example, Buchan, 

Paré & Munhall (2007) demonstrated that observers increased their fixations on the eyes when 

judging emotion and on the mouth when identifying speech. However, with reduced information 

in both tasks (i.e., degraded auditory signal), observers modified their gaze strategy and attended 

to the center of the face to maximize the processing of visual information with minimal eye 

movement. Further, it has been shown that observers modify their gaze strategies based on the 

number of talkers; more frequent gaze switches were made between interacting individuals 

(Birmingham, Bischof & Kingstone, 2008). It is, however, yet to be investigated which gaze 
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strategies are employed specifically when recognizing the affiliation between interacting 

individuals.  

In the current study, we examined how the visibility of information influenced observers’ 

perceptual and gaze behavior during an affiliation discrimination task. We manipulated visible 

coordination cues by presenting clips of conversational interaction that showed full body 

information of the talkers or clips that were cropped to show only the talkers’ heads. Half of the 

video stimulus clips contained high movement coordination while the remainder of the clips 

contained low movement coordination. We predicted that observers would modify affiliation 

judgments based on the visibility of information and that their gaze strategies would reflect the 

differences in these decisions. Alternatively, it is possible that participants would rely on the same 

visual information when making differing affiliation judgments and specific gaze strategies 

would not vary based on quantity of information.  

6.3  Methods 

6.3.1  Participants 

  Forty undergraduates from Queen’s University (Mage=18.73, SE = 0.29; 34 females) with 

normal or corrected-to-normal vision participated in the perception portion of this experiment for 

course credit or compensation.   

6.3.2  Stimuli 

  A separate group of twenty-four pairs of same-gender friends and same-gender strangers 

were video-recorded while engaging in a ten-minute free conversation. These conversations were 

the basis of the experimental stimuli. Movement coordination between talkers within these clips 

was quantified using Correlation Map Analysis (CMA), a tool developed to compute 

spatiotemporal coordination between two signals (Barbosa, Dechaine, Vatikiotis-Bateson & 

Yehia, 2012). To use this analysis, the total motion within a video clip was first quantified using 
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Horn & Schunck’s optical flow algorithm (1980). Using two regions of interest (ROIs) around 

each talker, total motion was calculated by summing the motion of the pixels within each region 

(i.e., change in pixels or pixel velocity across frames). This total motion was determined for each 

frame, producing a time-varying signal of total motion in each ROI. Then, conversational 

movement coordination was quantified by computing the instantaneous correlation between the 

total motion within one ROI and the total motion in the other ROI.  A higher instantaneous 

correlation value indicates greater movement similarity between talker and thus, greater 

movement coordination. The instantaneous correlation can be seen as an exponentially weighted 

filter that is applied to the two motion signals.  

  To select the clips to be used as the experimental stimuli, we identified all possible five-

second-long clips in which the average total motion within each clip fell within half a standard 

deviation of the average total motion across all pairs of talkers (M=0.89 pixels/frame, ½ SD = 

0.43). This was done so that the final stimulus clips were controlled for overall motion to ensure 

that perceptual judgments were made based on differences in coordination rather than difference 

in quantity of motion. The final stimulus set consisted of 24 clips (one clip from each pair of 

talkers) that met our motion criterion. Twelve friend pairs and 12 stranger pairs were selected 

where half the clips from each affiliation category contained the highest amount of movement 

coordination and the other half contained the lowest amount of movement coordination. This 

resulted in distinct high and low coordination groups for each of the friends and strangers groups 

(for further details regarding stimulus selection including specific average coordination values, 

see Latif et al, 2014. The stimuli here were the same set used in that paper).  

  To manipulate the visibility of movement information, two sets of stimuli were created 

using the 24 selected clips (see Table 6.1 for summary): One set presented full-body information 

of the interacting pairs while the other set contained the same videos that were cropped at the 

shoulders to show head-only information (Figure 6.1).  
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Figure 6.1. Schematic of a still-frame for an example video for the Full-Body and Head-Only 
condition. 

Regions of Interest (ROIs) used to analyze gaze data are illustrated. 
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  We confirmed that distinct high and low coordination groups were maintained after 

cropping24. Audio information was removed from all clips and not presented. All stimuli had a 

resolution of 800x600 and were displayed on a 21-inch CRT monitor with a refresh rate of 

100Hz. 

 

Table 6.1. Stimulus details for the two experimental conditions 

Experimental Conditions 

 Full Body Head Only 

Affiliation Friends Strangers Friends Strangers 

Coordination High Low High Low High Low High Low 

N 6 6 6 6 6 6 6 6 
 

 

6.3.3  Procedure 

  The two experimental viewing conditions in this experiment were tested in a between-

subjects design with 20 participants assigned to each condition. In one condition, participants 

viewed the stimuli showing full-body information while in the second, participants viewed 

stimuli cropped to show head-only information.  In a quiet room, participants viewed the 24 

silent, five-second-long video clips while their eye movements were tracked using an EyeLink 

1000 eyetracker sampling at 1000Hz (SR Research: http://www.sr-

research.com/eyelink1000html). They were seated approximately 60 cm away from the monitor 

with their head position controlled using a head and chinrest. All participants’ gaze was calibrated 

                                                        
24 Although high and low coordination stimuli were determined from the full-body clips, coordination was 
analyzed for both viewing conditions independently. We have, in a previous paper addressed the concern 
that cropping the clips to produce head-only stimuli resulted in reduced overall measured coordination. To 
confirm our perceptual results, we conducted a control experiment in a previous series of studies where we 
used a new set of stimuli that matched the viewing conditions in measured coordination (i.e. the overall 
coordination in the high and low conditions was the same in the two viewing conditions). Perceptual 
judgment results were replicated with coordination-matched stimuli (Latif et al., 2014). Given the results of 
our control study, we felt it to be more important to prioritize keeping our multi-dimensional stimuli 
constant across conditions to more reliably examine the influence of visible information. 
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on a 9-point calibration sequence. For each trial, a central fixation was displayed for 500 ms 

followed by a video clip. Following presentation of each clip, participants provided an affiliation 

judgment on a 7-point Likert scale25 indicating whether the interacting pair had ‘Just Met’ (1) or 

were ‘Friends’ (7). As a measure of subjective certainty, participants were instructed to use the 

points in between to indicate how confident they were in their rating (e.g., A score of ‘1’ would 

be an extremely confident ‘strangers’ rating and a score of ‘7’ would be an extremely confident 

‘friends’ rating).  

6.3.4  Gaze Analysis 

  Gaze behavior was analyzed by creating regions of interest (ROI) for the talkers in the 

videos. The six ROIs corresponding to the upper and lower portions of the head and body regions 

are shown in Figure 1. These regions were selected based on their significant role in social 

perception. The upper region of the face, including the eyes, has been shown to contribute to 

judgments of emotion, identity, and familiarity (for review, see Itier, 2015). In terms of this 

region’s role in judging the nature of social interactions, attention to shared, mutual gaze is a 

significant contributor to accurately judging interpersonal behavior (Birmingham et al, 2008; 

Nurmsoo, Einav, & Hood, 2012). The mouth region also has a significant role in communication. 

In addition to being necessary for speech comprehension, it has been demonstrated that mouth 

movements of both talkers become coupled behaviorally and at a neural level during social 

interaction (Hasson, Ghazanfar, Galantucci, Garrod, & Keysers, 2012). Finally, movement such 

as gestures and postural adjustments in the body region significantly contribute to perception of 

affect, identity and socio-cognitive variables such as personality (for review, de Gelder, 2009). 

These movements have been shown to be informative about the relationship between individuals 

                                                        
25 A Likert scale was used instead of a forced choice to reduce bias in responses (Friedman & Amoo, 
1999). Using a scale allows a more sensitive examination of how participants use cues for social 
perception. 	  
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in an interaction (i.e., those who are unacquainted use different gestures than those who have 

previously become acquainted; Bavelas & Gerwing, 2007). We examined the spatial and 

temporal characteristics of gaze behaviors within these three ROIs for each talker. 

6.4  Results 

6.4.1  Perceptual Judgments 

  Two within-subjects factors of Affiliation (friends vs. strangers) and Coordination (high 

vs. low average movement) and one between-subjects factor, Viewing Condition (full-body vs. 

head-only) were analyzed using a mixed-model analysis of variance (ANOVA). This analysis 

showed significant main effects for Affiliation (F (1,36) = 16.41, p<.001, partial h2 = .31) and 

Coordination (F(1,36) = 22.50, p<.001, partial h2  = .42). However, these main effects were 

moderated by two significant interactions: Viewing Condition X Affiliation (F(1,36)=22.50, 

p<.001, partial h2 =.42) and Viewing Condition X Coordination (F(1,36)=10.31, p=.04, partial h2 

=.22) (No other interactions were significant (Affiliation X Coordination: F(1,36)=.19, n.s.; 

Affiliation X Coordination X Viewing Condition: F(1,36)=.004, n.s.). The two significant 

interactions are presented in Figure 6.2. Figure 6.2a shows that when full-body information was 

available, observers could accurately discriminate between friends and strangers, however, when 

head-only information was provided, observers relied more on movement coordination (Figure 

6.2b). They rated high-coordination pairs as friends and low-coordination pairs as strangers, 

regardless of the true affiliation between talkers. The visibility of information thus influenced 

which cues participants prioritized to make their affiliation judgments. 
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Figure 6.2. Average perceptual judgment scores.  

A greater score indicates a preference towards a “friends” rating. A) Participants could accurately 
discriminate between friends and strangers. B) Participants relied on coordination cues at the expense of 
accuracy. High-Coordination cues were judged as friends and Low-Coordination cues were judged as 
strangers. Error Bars = +/-SE 

 

 When examining whether participants were able to specifically identify friends and strangers 

greater than chance, we used a signal detection analysis and calculated a d’ measure of sensitivity 

to friends versus strangers We first eliminated any neutral midpoint responses (4) and coded 

responses greater than ‘4’ as ‘Friends’ and any response less than ‘4’ as a ‘Strangers’. We then 

calculated a normalized ratio26 of Hits (proportion of times participants provided a ‘Friends 

                                                        
26 A d’ measures of sensitivity calculates the ability of a perceiver to discriminate between a ‘signal’ and 
‘noise’ by subtracted the z-score of their hits from their false alarms. Here, ‘friends’ was arbitrarily 
assigned to the ‘signal’ category however, since this value is a difference between the ‘signal’ and ‘noise’ 
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response to a friends clip) and False Alarms (proportion of times participants provided a ‘Friends’ 

response to a strangers clip) to produce our d’ scores. Using a one-sample t-test, we compared d’ 

scores to chance (i.e., participants were unable to distinguish friends from strangers, d=0). Results 

revealed that participants were able to distinguish between friends and strangers in the full-body 

condition (t(19) = 5.05, p<.001) but not the head-only condition (p=.20). 

6.4.2  Spatial and Temporal Characteristics of Gaze 

  The spatial distribution and temporal characteristics of visual-information gathering were 

analyzed. Examination of the spatial distribution of gaze revealed that, in general, the visibility of 

information (i.e., full-body vs. head-only) did not greatly influence where in the videos 

participants looked. As expected, participants spent more time fixating the body region when it 

was visible (Significant Region X Viewing Condition Interaction: F(1,36)=12.32, p = .001, partial 

h2 = .26) however, they spent the majority of their time fixating the head regions in both 

conditions despite the fact that body information was available in the full-body condition 

(Significant Main Effect of Region: F(1,36)=903.94, p<.001 partial h2 =.96; Full-Body: 80% face 

vs. 11% body; Head-Only: 87% face vs. 3% body; Figure 6.3). 

                                                                                                                                                                     

distributions, reversing assignment so that ‘strangers’ was the ‘signal’ would have resulted in the same 
value. 
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Figure 6.3. Spatial distribution of gaze in the two viewing conditions. 

Spatial distribution of gaze in the two viewing conditions. The top panel represents fixations for all 
participants for a schematic still frame from one example stimulus in the Full-Body (L) and Head-Only (R) 
Condition. Here, the size of the data point indicates the duration of the fixation. While fixations are 
presented on a static image in this example, they represent gaze behavior for a dynamic stimulus. The 
second panel demonstrates the average total time spent on the face and body regions for the two conditions. 
As evident, participants spent the majority of the time in the face region, even when the body cues were 
available. Errors Bars = +/- SE. 
 

  Further, no significant differences were found in amount of time spent in the upper versus 

the lower regions of the face in either of the viewing conditions (No significant main effect of 

Face Region, p=.33; No significant Face Region X Viewing condition interaction, p = .71). In 

spite of this similarity in overall spatial distribution of gaze, examining participants’ specific gaze 

patterns revealed differences in the two viewing conditions. We examined talker-switching gaze 

behavior (i.e. the number of times participants switched their gaze between the two talkers) using 

the same mixed-model design used for the perceptual results. We found a significant Viewing 

Condition X Affiliation interaction (F(1,36)=4.98, p-.03, partial h2  = .12 (Figure 6.4). In the full-

Error Bars = SE 
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body condition, participants switched between talkers more frequently for stranger pairs than for 

friend pairs. This pattern was not observed for the head-only condition.  

 
Figure 6.4. Average number of gaze switches between talkers. 

A) Average number of gaze switches between talkers per video clip. Participants presented varying switch 
behavior as a function of coordination for the Head-Only but not the Full-Body Condition.  B) Gaze 
behavior from a sample participant for a high and low coordination clip in the head-only condition. Note 
the greater number of fixations in both the eye and mouth region in the high coordination clip compared to 
the low coordination clip. Error Bars = +/-SE 

 

  Gaze behavior for cues previously shown to be most relevant to social decision-making 

(e.g. Buchan et al, 2007) was also analyzed; we examined eye-mouth switching behavior (i.e., the 

number of times participants switched between the upper and lower regions of the face) for full-

body and head-only conditions and observed a significant Viewing Condition X Coordination 

interaction (F(1,36=5.30, p =.03, partial h2 = .13; Figure 6.5). In the head-only condition, 
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participants made a greater number of switches between the eye and mouth region for the high-

coordination pairs compared to the low-coordination pairs. This pattern was not observed for the 

full-body condition. 

 
Figure 6.5. Average number of gaze switches between the eye and mouth regions of the face. 

A) Average number of gaze switches between the eye and mouth regions of the face per video clip. 
Participants presented varying switch behavior as a function of coordination for the Head-Only but not the 
Full-Body Condition.  B) Gaze behavior from a sample participant for a high and low coordination clip in 
the head-only condition. Note the greater number of fixations in both the eye and mouth region in the high 
coordination clip compared to the low coordination clip. Error Bars = +/-SE 
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mouth switch behavior, a significant Affiliation X Coordination interaction was observed (Talker-

Switch: F(1,36) = 14.35, p = 0.001, partial h2 = .285; Eye-Mouth Switch: F(1,36) = 4.70, p = .03, 

0

0.5

1

1.5

2

2.5

Full@Body Head@Only

Av
er
ag
e+
Nu

m
be

r+o
f+S
w
itc
he

s

Viewing+Condition

High

Low

High+Coordination Low+Coordination

A

B
Error Bars = SE 



 128 

partial h2 = .115) where participants switched more for high-coordination friend pairs than low-

coordination friend pairs. No other main effects or interactions were observed as significant.  

6.4.3  Relationship between Gaze and Affiliation Identification Accuracy 

  The results in the previous sections revealed that visible information influenced both 

participants’ perception and their gaze responses. Here, we examined whether there was a 

relationship between participants’ overall ability to distinguish between friends and strangers (i.e., 

d’ scores calculated in the perceptual judgment task) and their gaze behavior using a Pearson 

correlation. When a head-only view was given to participants, a relationship between overall 

accuracy (d’) and gaze behavior was found. A significant positive correlation between the number 

of eye-mouth switches and overall accuracy was observed. When participants performed more 

switches between the upper and lower regions of the face, they were more accurate in recognizing 

friends from strangers (r(18) = .50, p=.02; Figure 6.6). No correlation between accuracy and eye-

mouth switches was found in the full-body condition (r = .12). Further, no relationships between 

talker-switch behavior and accuracy was found in either viewing condition (full-body: r = -.07; 

head-only: r = -.26). 
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Figure 6.6. Correlation between sensitivity (d’) and average number of eye-mouth switches. 

In the Head-Only condition, there was a relationship between participants’ sensitivity and the average 
number of times they switched between the eye and mouth region of the face. Those who employed a gaze 
strategy where they switched more frequently between the regions also performed better (determined by a 
higher d’ score) at discriminating friends from strangers when they were provided with limited information. 

 

6.5  Discussion 

  Making important decisions regarding affiliative bonds is undoubtedly challenging; our 

social environments contain multiple sources of information and often some cues are unavailable 

or ambiguous. Our social decisions thus require the need to selectively gather information based 

on availability and prior experience to make the best social decisions (Zaki, 2013). In this 

experiment, we used gaze behavior to demonstrate how specific social information is selected 

when recognizing affiliative relationships when full information was not available. We have 
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the visibility of information both influences our ability to recognize affiliation between others and 

modifies how we extract relevant cues to make this social decision.  These data show participants 

spent the majority of their time fixating within the head region in both viewing conditions even 

though they had access to the body in the full-body view. However, the manner in which they 

selected information (i.e., gaze switching behavior) within the head region varied depending on 

whether they had access to full-body versus head-only information. Moreover, when participants 

did not have access to body cues, the use of a specific gaze strategy was related to greater overall 

affiliation recognition accuracy.  

  Here, we replicated the findings of our previous work (Latif et al., 2014) reiterating that 

the visibility of information influences our use of movement coordination cues when making 

affiliation judgments. With more information visible, other cues presumably contained within the 

body appear to take priority over talker coordination. Previous work has demonstrated the 

importance of perceiving cues in both the body and the head when making social decisions. For 

example, having access to the body region has been shown to result in enhanced sensitivity to 

both the emotion and the identity of perceived individuals resulting in more accurate recognition 

(for review, de Gelder, 2009). In fact, in an experiment where the body and the head portrayed 

conflicting emotional information (e.g., happy postural information but fearful facial 

expressions), participants were biased towards recognizing the emotion portrayed by the body 

(Van den Stock, Righart & De Gelder, 2007). Further, gestural information has been shown to 

contribute to overall communication quality during conversation (for review, Hostetter, 2011). 

For example, when participants are able to view hand gestures that accompany conversational 

speech (i.e., gestures that either directly depict or supplement the semantic content such as using 

the hands to indicate the size of an object), they are able to remember the conversation much 

better than when they are not able to see those gestures (Breckinridge Church, Garber & 
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Rogalski, 2007).  This evidence from previous research is consistent with our perceptual data 

showing better performance in the full-body condition.  

  Our gaze data indicated that information-gathering patterns used to make affiliation 

judgments are also influenced by the visibility of information. In both the full-body and head-

only conditions, participants spent much of their time fixating on the head region. The similarity 

in viewing region despite different perceptual ratings is consistent with previous work showing 

that some perceptual information does not require gaze fixation to be useful. While peripheral 

visual information is important to determine where to fixate next (Henderson & Hollingworth, 

1999), important information in social perception can be extracted parafoveally without ever 

being fixated. For example, perceivers did not need to foveate on the mouth region to acquire 

visual information to enhance or modify audiovisual speech perception (Paré, Richler, ten Hove 

& Munhall, 2003; Munhall, Kroos, Jozan & Vatikiotis-Bateson, 2004). Even more striking, users 

of sign language did not fixate on the signing hands and instead, spent the majority of the time 

fixating on the signer’s face when comprehending American Sign Language (Emmorey, 

Thompson & Colvin, 2008).  Similar patterns have been observed in other social activities such 

as the accurate perception of peripherally located gaze and head direction (Loomis, Kelly, Pusch, 

Bailenson & Beall, 2008).  

  Although the region in which participants spent much of their time in both viewing 

conditions did not vary, an aspect of their scan paths – fixation switches between different ROIs – 

differentiated the participants’ behavior. Every time an eye movement is made to a relevant 

region, information from the selected location is updated in order to fulfill current goals (Schütz, 

Braun & Gegenfurtner, 2011) and our data reveal a window into this updating process in a social 

judgment task. When viewing a full-body display, participants switched between talkers less for 

clips that showed actual friends. It has been shown that gaze switching behavior is related to the 

efficiency of encoding information when recognizing relationships between fixated regions 
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(Charness, Reingold, Pomplun & Stampe, 2001). In our case, it is possible that participants’ 

switching less frequently for friend recognition is an indication of more efficient encoding, and 

thus less updating necessary for cues indicating friendship. It is also possible that the differences 

in fixation patterns reflect decision making processes. It has been shown that when participants 

take longer to make a decision as a function of the decision difficulty, they make more fixations 

to relevant information in comparison to when they made faster decisions (Krajbich, Lu, Camerer 

& Rangel, 2012; for review, Orquin & Loose, 2013). Fewer switches for friends may be an 

indication of faster decisions compared to stranger pairs. In other words, participants might have 

recognized cues for friendship quickly and continued to search for cues in strangers. Both the 

possibility of efficient encoding and decision speed suggest the importance of cues indicating 

friendship. Indeed, it has been shown that perceivers demonstrate an enhanced sensitivity to cues 

related to friends (for review, Brent, Chang, Gariépy & Platt, 2014). Such an enhanced attention 

to friendship cues could serve an adaptive role by contributing to the likelihood of reciprocity and 

positive relationships (McFarland, Roebuck, Yan, Majolo & Guo, 2013).  

  When viewing head-only information, no difference was found between friends and 

strangers in the participants’ talker-switching patterns. Rather, participants showed switching 

patterns within facial regions of interest. It has been shown that talkers coordinate their gaze with 

their conversational partners (Richardson et al., 2009) Perceivers can use the direction of a single 

talker’s gaze during a conversation with another to accurately infer the level of conversational 

engagement of the interacting individuals (Nakano & Ishii, 2010).  Further, greater cooperation 

between talkers has been shown to influence greater coordination of mouth movements (Manson, 

Bryant, Gervais & Kline, 2013) and mutual smiling behavior (Yu, Gerritsen, Ogan, Black & 

Cassell, 2013). In one study, it was shown that perceivers could use facial motion cues to identify 

whether an individual was engaged in a social interaction when the other individual had been 

cropped from view (Balas, Kanwisher & Saxe, 2012).  It possible that when cues from the body 



 133 

were not available, the more effective gaze strategy involved frequent eye-mouth switching in a 

single talker, allowing for perceivers to make inferences about movement coordination along 

multiple dimensions (e.g., both gaze and mouth movement coordination) within those regions.   

   In this experiment, it is possible that movement coordination was judged to be the more 

reliable source of information when body cues were unavailable. Differences in social judgments 

and gaze behavior in the head-only versus full-body condition suggests that head information 

may have been processed with less importance when full-body information was available.  It is 

known that social inferences are made by reweighting attention to the most reliable cues 

depending on the availability of information (for review, Zaki, 2013). Further, it has been shown 

that perceivers do this reweighting of cues even though sometimes, this results in judgment errors 

(Fetsch, Turner, DeAngelis & Angelaki, 2009). Perhaps, in this experiment, movement 

coordination was the most ‘reliable’ source of information when body cues were unavailable. 

This would mean reliable in the statistical long term and not in the counterbalanced corpus of the 

experiment.  Choosing this cue here resulted in error. 

  A final point that was considered in this experiment was individual differences in the 

gaze strategies involved when making correct affiliation judgments. Studies examining the 

relationship between gaze and accuracy in social tasks such as face recognition have shown that 

observers’ use of specific gaze strategies is significantly related to higher performance accuracy 

(Peterson & Eckstein, 2012; Peterson & Eckstein, 2013). In this experiment, we found a 

relationship between eye-mouth gaze switching behavior and higher accuracy but only when 

participants had access to just the head information. Although, in general, participants were worse 

at recognizing affiliation when they had less information, it appears that those participants that 

adopted a specific gaze strategy (i.e., switched between the eye and mouth region more 

frequently) displayed relatively greater accuracy when recognizing affiliation. It is possible that 

the correlation between gaze strategies and overall affiliation recognition accuracy is related to 
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individual differences in social perception abilities that emerge as a function of context (Casciaro, 

1998).  

 Although the data presented here have shown that participants can give different 

priorities to information available across conditions in an affiliation recognition task, it is 

necessary to consider how these findings would generalize to such decisions in the real-world. In 

an effort to examine visual cues possibly used to judge affiliation (i.e., movement coordination), 

we presented controlled stimuli that were streamlined in comparison to our natural, rich social 

environment. Previous studies in thin-slice perception that focused on observers’ accuracy for 

recognition of social traits did so by removing the audio track in order to isolate the influence of 

visual information (Weisbuch & Ambady, 2011). The same logic was employed here and the 

auditory information was eliminated. Studies in social perception have often opted for simplistic 

stimuli to ensure a high degree of experimental control and it appears that social perception in 

simplistic contexts does generalize to more complex stimuli (Foulsham, Cheng, Tracy, Henrich & 

Kingstone, 2010). However, it has also been shown that the manner in which a perceiver attends 

to social information is influenced by the potential to directly engage in a social interaction 

(Laidlaw, Foulsham, Kuhn & Kingstone, 2010). Thus, paradigms that incorporate both 

experimental control and ecological validity, though challenging to conceptualize, are necessary 

for furthering our understanding of affiliation judgments.  

  Our decisions to form and maintain affiliative bonds require gathering information about 

others. We rely on integrating many sources of information to best characterize observed social 

interactions (Tibbetts & Dale, 2007). However, our social contexts vary significantly and we have 

yet to understand how we modify our use of information when recognizing affiliation across 

different social situations. Here, we presented evidence that when we encounter a relatively 

sparse social context, we use specific information-gathering strategies to maximize the use of 

whatever information is available. We suggest that our perceptual encoding processes are 
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sensitive to informational context; we change how we update information regarding affiliation 

when we have fewer cues. What is yet unknown is whether rapid perceptual decisions are driving 

gaze patterns or whether varying gaze behavior yields different decisions. Studies such as this lay 

the theoretical groundwork for a broader understanding of our ability to recognize affiliative 

bonds in the real-world.  
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Chapter 7 

General Discussion 

  The research presented in this dissertation characterized the involvement of prediction 

and alignment in conversational interaction. These studies utilized the context of natural social 

interaction to demonstrate both the involvement of a predictive mechanism (Chapters 2 & 3) and 

alignment in several aspects of conversation (Chapters 4, 5 & 6). The first two studies (Chapters 2 

& 3) examined the perception of turn exchange behaviour between conversational partners to 

demonstrate prediction in conversation. In the first study, it was demonstrated that participants 

were able to predict an upcoming turn exchange; however, their ability to do so was influenced 

by the amount of information (i.e., auditory-only, visual-only or audiovisual) they had available 

for their decision. In the second study, it was further shown that auditory and visual information 

served distinct roles when anticipating a turn exchange. The remaining three studies addressed the 

presence of conversational alignment and the role of social factors in alignment behaviour.  

  The third study (Chapter 4) examined the similarity in behaviour between talkers during 

conversation.  The results of this experiment demonstrated that talkers aligned along multiple 

conversational levels (i.e., syntactic, lexical, pitch, speaking rate, movement) and that there was a 

relationship between these conversational domains. The final two studies (Chapter 5 & 6) showed 

the influence of social factors in alignment behaviour during conversation. These studies 

demonstrated that familiarity between talkers played a role in alignment of conversational 

behaviour and that independent perceivers were sensitive to behavioural nuances resulting from 

the social dynamics between conversational partners. The main findings of these chapters are 

summarized in the following sections, following by a general discussion of implications and 

future directions.  
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7.1  Chapter 2 Summary 

  In Chapter 2, we examined the role of visual information in the perception of turn 

exchange behaviour in natural conversation. This was one of the first studies to evaluate the 

contribution of visual information in the prediction of turn exchanges. Although previous work 

has shown the invaluable contribution of visual information to several categories of 

communicative behaviour (e.g., speech perception; Sumby & Pollack, 1954; interactive task 

completion; Kraut, Fussell & Siegel, 2003), prior to this experiment, no known study had 

examined how visual information contributes to our ability to identify an upcoming turn 

exchange. In Experiment 1, we showed that the combination of auditory and visual information 

provided an advantage for perceivers when anticipating an upcoming turn exchange. This is 

consistent with previous studies that demonstrate an audiovisual advantage in communication. 

However, interestingly, participants were able to identify a turn even with reduced information 

(i.e., auditory-only and visual-only). In Experiment 2, we showed that when participants were 

able to use visual information to make turn exchange decisions, they benefitted most from visual 

cues from the listener. Further, in both studies, we demonstrated that perceivers may use distinct 

cues when processing when a turn exchange would occur versus when a turn exchange would not 

occur; with less information, participants’ ability to identify a turn suffered but not their ability to 

identify a non-turn. This difference in processing of turns versus non-turns has implications for 

response planning during conversation since an upcoming turn exchange requires explicit action 

on the part of the listener. The rapid exchange of turns during conversation (i.e., a modal inter-

turn interval of 0ms; Stivers et al., 2009) indicates that listeners begin planning their responses 

well in advance of their turn to speak. By utilizing cues that distinctly indicate an upcoming turn 

exchange, listeners are able to predict when they must respond and plan accordingly. These 

results contribute to our understanding of information use and reveal the relatively under-

investigated role of visual cues in conversational turn exchange perception.   
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7.2  Chapter 3 Summary 

  Chapter 3 extended the findings of Chapter 2 to investigate how the availability of 

information specifically influenced how one responds to the end of a turn within a conversational 

context. Since Chapter 2 demonstrated that audiovisual information was necessary for the most 

accurate anticipation of an upcoming turn exchange, we hypothesized that this audiovisual benefit 

would be reflected in greater precision in timing for a response to the end of a turn. However, the 

results of the experiments presented in Chapter 3 demonstrated that the addition of visual 

information did not improve response timing. Participants responded equally precisely with only 

auditory information and audiovisual information although both audiovisual and auditory-only 

information led to better response timing than with only visual information.  However, we did 

find that auditory and visual information serve distinct roles when anticipating the end of a turn. 

Visual information is necessary for earlier prediction of an upcoming turn exchange while 

auditory information is used to precisely time a response to the end of a turn. This is, in fact, in 

line with studies of speech perception that show such an early audiovisual benefit in perception of 

single words (Jesse & Massaro, 2010). These findings suggests that the principles of basic speech 

perception can be applied to the more complex case of conversation perception. The findings in 

Chapter 3 highlight the unique roles of auditory and visual cues in conversation and motivate the 

inclusion of visual information for a comprehensive understanding of processes involved in 

conversational interaction.   

7.3  Chapter 4 Summary 

  The study presented in Chapter 4 aimed to characterize alignment behaviour at multiple 

levels during conversation. The interactive alignment account (Pickering & Garrod, 2004) 

suggests that interacting talkers align their representations of several aspects of their 

conversations, making it easier to predict their partner’s behaviour (e.g. predicting the end of a 

turn to respond appropriately; Chapter 2 & 3). As a result of representational alignment, 
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conversational partners exhibit similarity in both linguistic and non-linguistic behaviour during 

their interaction (for review, Pickering & Garrod, 2009). However, experimental evidence for the 

alignment at multiple levels is limited. No known studies have demonstrated alignment in more 

than two levels of conversation. The study in Chapter 4 is the first to investigate alignment in 

multiple levels in natural conversation including both linguistic and non-linguistic levels. Chapter 

4 demonstrated that talkers in conversation present similarity in the syntactic forms of their 

sentences, the lexical items that they use, their pitch, their speaking rate and their overall 

movement. Further, alignment at these multiple levels appears to be modestly related. When 

participants align in one level of conversation, they also align at other levels. However, this 

relationship appears to be constrained to speech related aspects of conversation. Though 

relationships between syntactic structure, lexical items, pitch and speech rate were found, no 

significant relationship between these domains and conversational movement were found 

suggesting that movement in conversation may operate on a different timescale than speech-

related behaviour. Overall, the results presented in Chapter 4 demonstrated that conversational 

partners do indeed align their behaviour during interaction. However, it is unknown whether 

alignment at some or all of these levels occurs automatically (as suggested by Pickering & 

Garrod, 2004) or whether it occurs to serve the functional role of enhancing mutual understanding 

(Clark & Brennan, 1996). Future research is warranted to better understand the role of interactive 

alignment in conversation.  

7.4  Chapter 5 Summary 

  Chapter 5 examined the influence of familiarity between talkers on speech similarity 

during conversational interaction. Although the interactive alignment account (Pickering & 

Garrod, 2004) does not make reference to the influence of social factors in conversation, studies 

have shown that several social factors influence the strength of alignment during conversation 
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(e.g., greater rapport: Manson et al., 2013; attitude towards partner: Abrego-Collier et al., 2011; 

familiarity: Gonzales et al., 2010). Previous research has shown similarity in movement during 

conversation as a function of affiliation between talkers (i.e., friends vs. strangers; Latif et al., 

2014). However, the influence of familiarity on alignment in speech behaviour between talkers 

during conversation is unclear. The data presented in Chapter 5 shows that the affiliation between 

talkers influences the overall amount of perceived similarity in their speech. In general, talkers 

were perceived to sound more similar to one another later in the conversation than earlier 

suggesting that alignment in speech increases as conversations proceed. Further, this study 

showed that friends sounded more similar to one another than strangers overall, however, 

affiliation between talkers did not influence the increase in similarity from the beginning to the 

end of the conversation. Interestingly, no specific acoustic features correlated with these findings 

though there was indication that speaking rate and vowel space may play a role in greater 

perceived similarity in friends. It was instead the combination of multiple acoustic features that 

contributed to speech similarity perception. Overall, these results suggest social factors such as 

affiliation between talkers certainly contribute to the strength of speech similarity between talkers 

however, affiliation does not influence the rate at which similarity increases as a conversation 

proceeds. Conversational interaction simply leads to greater similarity in speech, in general.  

7.5  Chapter 6 Summary 

  The study described in Chapter 6 examined the perception of behavioural similarity as a 

function of affiliation. Previous research has shown that familiarity between talkers results in 

greater movement similarity during conversation (i.e., friends are more similar than strangers; 

Latif et al., 2014). However, conversation requires perceiving relevant information to make 

appropriate decisions necessary for successful interaction. The study presented in Chapter 6 

demonstrated that perceivers of conversation were sensitive to similarity between talkers under 
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certain visual contexts. When participants were restricted to viewing only the heads of the talkers, 

they relied on movement similarity to make decisions regarding talker affiliation (i.e., when 

deciding whether the talkers were friends or strangers). When they viewed greater movement 

similarity, they rated the talkers as friends and when they viewed lesser similarity, they rated the 

talkers as strangers, regardless of the true affiliation.  Further, participants’ gaze behaviour also 

demonstrated this sensitivity to movement similarity. When participants view was restricted to 

viewing only the heads of the talkers, they switched back and forth between upper and lower 

region in the face in a manner that distinguished high and low similarity in movement (i.e., they 

switched more when talkers presented greater movement similarity and less when talkers 

presented lesser movement similarity). Overall, the findings of this experiment demonstrate that 

not only do talkers become aligned in their movement during conversation, they are also sensitive 

to this movement similarity and can use it to make the important decisions needed for successful 

interactions.  

7.6  Conclusions, Implications and Future Directions 

  Overall, the findings presented in this dissertation highlight the complex interactions 

between the perception of information and production of behaviour during conversation. Most 

notably, these studies address the aims outlined in the introduction of this thesis by demonstrating 

that:  

1.   The availability of information plays a significant role when making decisions that are 

required during conversation  

2.   Engagement in a social interaction systematically influences conversational behaviour in 

a multi-dimensional manner  

3.   Social factors play an important role in conversational interaction.  
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The findings of this dissertation collectively support several aspects of previous proposals that 

outline the processes involved in conversation. It has been suggested that a perception-action 

coupled predictive mechanism is involved social interaction (Wilson & Knoblich, 2005; Wolpert, 

Doya & Kawato, 2003) and that alignment in conversational behaviour occurs as a product of 

predictive processes (i.e., the Interactive Alignment Account; Pickering & Garrod, 2004). Here, 

two specific aspects of this proposal were addressed: the perceptual conditions contributing to 

prediction in conversation and constituents of conversational alignment behaviour.   

7.6.1  Prediction in Conversation 

  Identification of the perceptual conditions involved in conversational prediction 

significantly contributes to our fundamental understanding of social interaction. One of the 

cognitive challenges associated with conversation is that talkers must integrate social information 

from their partner via different perceptual channels (i.e., auditory and visual). Although there is 

considerable evidence that prediction certainly occurs during social interaction (e.g., Bastiaansen 

et al., 2014; Magyari & de Ruiter, 2012; Levinson, 2015), how predictive processes operate 

within the natural context of multimodal conversation had not previously been examined.  It has, 

however, been demonstrated that even within a single modality (i.e., auditory), the absence of 

particular perceptual cues (e.g. semantic information) significantly reduces one’s ability to make 

predictions in conversation (de Ruiter et al., 2006). In this dissertation, it was demonstrated that 

not only does the availability of perceptual information influence one’s ability to make 

predictions about conversational events (i.e., turn-taking behaviour), but that information from 

each perceptual channel serves a unique role in prediction: visual information is important for 

anticipating the occurrence of a conversational event while auditory information is responsible for 

ensuring a timely response to that event. This finding has substantial implications for clinical 

populations that experience difficulties with conversation. For example, individuals with Autism 

Spectrum Disorder (ASD) are impaired in their ability to carry on reciprocal conversations with 
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others (Tager-Flushberg, 2000). Further, individuals in this population also experience difficulties 

in integrating different perceptual cues, (Stevenson, Siemann, Schneider, Eberly, Woynaroski, 

Camarata et al., 2014). Given that prediction in conversation requires the integration of multiple 

sources of information, and that different cues serve distinct roles, it is possible that the 

conversational difficulties in those with ASD result from a reduced ability to utilize the important 

cues needed for conversational prediction. Indeed, individuals with ASD show reduced ability to 

make predictions in general (Sinha et al., 2014).  

   Such considerations motivate the hypothesis that conversational prediction relies on the 

same underlying mechanism responsible for broad predictive behaviour. The ability to anticipate 

events in our world is essential for appropriately reacting to a multitude of real-world situations. 

By using available perceptual information, we are able to plan motor responses needed for 

important events such as collision avoidance (Schubotz, 2007; Tresilian, 1999). Thus, this 

prediction mechanism relies on perceptual cues to regulate one’s behaviour in an adaptive manner 

(Warren, 1990). Further, much like in the studies presented here, one’s ability to make predictive 

responses to events depends on the kind of perceptual information that is available (Chen et al., 

2002; Rosenblum et al., 2000). Indeed, imaging studies have provided evidence for a broad 

predictive mechanism; they have demonstrated activation of common brain areas when predicting 

both non-social and social events (e.g., the trajectory of reaching movements by an actor and the 

trajectory of two interacting objects; Pelphrey, Morris, & McCarthy, 2004; Shultz, Firston, 

O’Doherty, Wolpert, & Frith, 2005).  

  Given this potential association between general prediction and prediction in 

conversation, there is yet much to be learned about this relationship. For example, a noteworthy 

question is how might the development of prediction abilities directly relate to development of 

conversational abilities. One possibility is that constant exposure to the associations between 

motor events and perceptual consequences early in development allows for the understanding of 
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statistical regularities, and thus predictability, in the world. With increased experience, the 

capability to understand these associations become complex enough to be applied to the 

relationship between others’ social intentions and behaviour (Hunnius & Bekkering, 2014). One 

study addressed this possibility by examining the relationship between the adjustment of 

behaviour based on specific sensorimotor predictions and the ability to infer others’ intentions 

(i.e., theory of mind) earlier in development (Sabbagh, Hopkins, Benson & Flanagan, 2010). In 

this study, preschool children were required to lift objects that had properties that were 

unexpected (e.g., the object was heavier than expected). When lifting objects, we form 

predictions about the properties of those objects and make movements that are appropriate for 

those expectations (e.g., the use of greater grip force when lifting heavier objects than light 

objects; Flanagan, Bittner & Johansson, 2008). When errors in lifting behaviour are made because 

the object has different properties than was predicted, adjustments are made to the action system 

so that future predictions and thus lifting behaviour are more accurate (Flanagan, Bowman & 

Johansson, 2006). In this study, it was shown that children who were better at adapting to 

unexpected objects were also better at performing theory of mind tasks. These findings suggest 

that there may be a relationship between general prediction-based behavioural adaptation and 

social abilities (Sabbagh et al., 2010). Future research is warranted to further our understanding of 

the predictive processes that are directly involved in social interaction. The studies presented in 

this thesis contribute to this line of inquiry by highlighting a commonality between general 

prediction and conversational prediction: the perceptual conditions within which predictions are 

made play a significant role in the nature of anticipatory behaviour.  

7.6.2  Alignment in Conversation 

  Several forms of contributions are made by talkers during conversation: talkers provide 

linguistic input that communicates specific information, and non-linguistic input such as gestures 

that communicate content (Beattie & Shovelton, 1999) and other cues such as emotion 
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(Ruusuvuori, 2012). All these contributions serve important roles in successful conversation. 

However, the findings presented in this thesis demonstrate that it is not simply that talkers 

contribute in this multidimensional manner; conversational partners also collectively align several 

of these contributions with one another (i.e., alignment in syntactic, lexical, speaking rate and 

pitch). Although alignment behaviour during social interaction is well established (for review, 

Garrod & Pickering, 2009), the fact that alignment across multiple factors occurs as a unit within 

a single conversation is intriguing. Previous explanations for how alignment across multiple 

levels can occur only address the linguistic aspects of conversation. Pickering and Garrod (2004), 

in their interactive alignment account, suggest that alignment of language should occur because 

components of specific sentences or words are activated within a listener’s linguistic 

representation when they hear their conversational partner produce those utterances. This 

activation increases the likelihood that the listener will utilize the same linguistic elements when 

it is their turn to speak. However, this method of activation does not explain how talkers also 

become aligned in non-linguistic aspects of their speech such as their pitch and their speaking 

rate. Although other researchers have proposed that speaking rate and pitch may individually 

become aligned (e.g., coupled oscillators; Wilson & Wilson, 2005; phonetic convergence; 

Goldinger, 1998), it is yet to be determined how all these conversation domains collectively 

display alignment.  

  Alignment in one domain, conversational movement, did not directly relate to alignment 

in most other aspects of conversation. This was surprising because previous studies have shown 

that there is a direct relationship between conversational movement and language (e.g., McClave, 

2000). However, this lack of relationship may have highlighted a limitation in conversational 

research methodology. Conversation is a non-stationary process that evolves dynamically. 

However, in these and other conversation studies, measures of dynamically changing alignment 

are averaged across portions of the conversation. It is possible that the relationship between 
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movement and language does indeed exist but the current methods are not sensitive enough to 

capture such associations. Further, it is also possible that the different domains in conversation 

evolve along different time courses. For example, previous studies have shown that the auditory 

and visual components of speech unfold differently (Munhall & Tohkura, 1998). Future research 

is warranted to develop methodologies that appropriately address alignment while incorporating 

the dynamic nature of conversation.  

    Finally, the findings presented here highlighted an important feature of conversational 

alignment: social factors play a significant role in the strength of behavioural similarity across at 

least two conversational domains (i.e., movement and speech). Opposing views are held 

regarding the influence of social factors on alignment during conversation. Pickering & Garrod 

(2004) propose that alignment does not require talkers to represent one another’s mental state, 

thus suggesting that social factors do not influence alignment behaviour. Conversely, it has been 

suggested that alignment is solely motivated by social factors such as the attitude between 

conversational partners (Giles et al., 1991). Here, we show that not only do social factors (e.g., 

the relationship between talkers) influence alignment behaviour between talkers but that 

observing socially-motivated alignment can be used to make important conversational decisions. 

Therefore, for a more comprehensive understanding of conversational alignment, social factors 

should be taken into consideration. 

7.7  Final Conclusions 

  The studies presented in this dissertation characterize some aspects of two distinct 

processes that appear to be involved in conversational interaction. These findings demonstrate 

that both prediction and alignment are notable features of conversation. However, one clear 

conclusion that can be collectively drawn from these studies, is that the study of conversation is 

complex and requires much further investigation.  Although we can identify evidence for the 
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involvement of certain mechanisms, it much more challenging to determine how these 

mechanisms may interact in real time to ensure successful conversation. For example, it has been 

suggested that alignment and prediction reciprocally operate in conversation—a predictive 

mechanism is used to align oneself to a conversational partner and greater alignment makes it 

easier to predict another’s behaviour (Pickering & Garrod, 2004; Pickering & Garrod, 2009). The 

co-occurrence of both these processes has been supported by evidence for neural coupling during 

social interaction (for review, Hasson et al., 2012). It has been demonstrated that during 

conversation, both the speaker and the listener’s brain activity become coupled or aligned 

spatially and temporally in both the verbal (Stephens, Silbert & Hasson, 2010) and the non-verbal 

(Schippers, Roebroeck, Nanetti & Keysers, 2010) domains. It is argued that this alignment of 

brain responses is reflected in the alignment of external behaviour (Hasson et al., 2012). Further, 

a certain subset of brain region responses from the listener, in fact, precede the speaker’s 

utterance suggesting that neural coupling is also associated with prediction (Stephens et al., 

2010). Although the data presented in this dissertation support the involvement of both alignment 

and prediction and specified features of these processes, much is still unknown. Specifically, what 

is yet to be uncovered is evidence for the direct relationship between alignment and prediction 

that has been proposed by theoretical accounts of conversation. 

  The complexity of conversational interaction ensures that developing a comprehensive 

understanding of the processes involved is a daunting task.  However, the findings presented in 

this dissertation contribute to this endeavour by identifying key features of conversation to help 

refine our current understanding: When talkers converse, they are significantly influenced by 

factors such as the perceptual information that they have available, the context in which they 

interact and the relationship they have with their conversational partner. The fact that such a large 

array of variables influences our interactions with others makes the enhancement of our 

understanding of the conversational mechanism especially motivating. Only by continued 



 148 

investigations that embrace the interactive and multi-faceted nature of conversation will we be 

able to truly characterize the success of our daily interactions. 
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Chapter 3 

 

 

  



 179 

 



 180 

 



 181 

 



 182 

 



 183 

 



 184 

 



 185 

Appendix G: Lost at Sea Task – Versions A and B 

 

TALKER A 

Lost at Sea Task 

You have chartered a yacht with three friends, for the holiday trip of a lifetime 

across the ocean. Because none of you have any previous sailing experience, 

you have hired an experienced skipper and two-person crew.  

Unfortunately, during the trip, a fierce fire breaks out in the ships galley and the 

skipper and crew have been lost while trying to fight the blaze. Much of the 

yacht is destroyed and is slowly sinking.  

 

Your location is unclear because vital navigational and radio equipment have 

been damaged in the fire. Your best estimate is that you are many hundreds of 

miles from the nearest landfall.  

 

You and your friends have managed to save 13 items, undamaged and intact 

after the fire. In addition, you have salvaged a four-person rubber life craft and 

a box of matches.  

 

Your task is to each select 5 items out of the following list that you feel is most 

important for your survival. You must then come to a consensus with your 

partner for the 5 items between the two of you that is most important. We 

encourage you to take as much time as you need to reach a conclusion.  

 

* Remember, all items can serve uses other than their direct purpose. 
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Sextant 

Polished Metal Square 

Netting 

Fluids 

Dehydrated Rations 

Ocean Map 

Floating Cushion 

Petrol 

Sheeting 

Liquor 

Cord 

Dietary Supplement Bar 

Rod 
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Please circle 5 (five) items out of the following list that you feel is most important for 

survival. You will then discuss your five items with your partner and come to a consensus 

regarding five items in total you will use to survive.  

Item Description 

 

Sextant 

 

 

 

 

 

 

 

 

The angle between two visible points can be 

measured and position on a nautical map can 

be determined using the measured angle and a 

clock with this item.  

 

 

Polished Metal Square 

 

 

 

 

 

 

 

 

Light can be reflected by this item 

 

Netting 

 

 

 

 

 

 

 

 

 

 

Protection against mosquitoes, bugs and other 

insects can be provided by this item 
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Fluids 

 

 

 

 

 

 

 

 

 

 

 

 

Transport of nutrients, regulation of body 

temperature and metabolism aid can be 

provided by this item. 

 

 

 

Dehydrated Rations 

 

 

 

 

 

 

 

 

 

 

Long-lasting, ready to eat meals enough for 

one sitting each are provided by this item 

 

 

 

Ocean Map 

 

 

 

 

 

 

Information about climate variations, fish 

distributions and water currents can be 

provided by this item 
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Floating Cushion 

 

 

 

 

 

 

 

 

 

 

 

Aid for someone who has fallen overboard can 

be provided by this item 

 

 

Petrol 

 

 

 

 

 

 

 

 

 

Matches can be used to ignite this item 

 

Sheeting 

 

 

 

 

 

 

 

 

 

 

 

 

Multiple uses related to water collection and 

shelter can be provided by this item.  
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Liquor 

 

 

 

 

 

 

 

 

 

 

Antiseptic uses can be provided by this item 

 

Cord 

 

 

 

 

 

 

 

 

Tying, dragging and lifting abilities can be 

provided by this item 

 

 

 

Dietary Supplement Bar 

 

 

 

 

 

 

 

 

Vitamins and minerals are contained by this 

item 

 

 

 

 



 191 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rod 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Multiple uses such as catching fish or building 

shelter can be provided by this item. 
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TALKER B 

Lost at Sea Task 

You have chartered a yacht with three friends, for the holiday trip of a lifetime 

across the ocean. Because none of you have any previous sailing experience, 

you have hired an experienced skipper and two-person crew.  

Unfortunately during the trip, a fierce fire breaks out in the ships galley and the 

skipper and crew have been lost while trying to fight the blaze. Much of the 

yacht is destroyed and is slowly sinking.  

 

Your location is unclear because vital navigational and radio equipment have 

been damaged in the fire. Your best estimate is that you are many hundreds of 

miles from the nearest landfall.  

 

You and your friends have managed to save 13 items, undamaged and intact 

after the fire. In addition, you have salvaged a four-person rubber life craft and 

a box of matches.  

 

Your task is to each select 5 items out of the following list that you feel is most 

important for your survival. You must then come to a consensus with your 

partner for the 5 items between the two of you that is most important. We 

encourage you to take as much time as you need to reach a conclusion.  

 

* Remember, all items can serve uses other than their direct purpose. 
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Quadrant 

Stainless Steel Sheet 

Mesh 

Liquids 

Dried Provisions 

Marine Chart 

Floating Pillow 

Fuel 

Tarp 

Alcohol 

Cable 

Nutrition Replacement Bar 

Pole 
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Please circle 5 (five) items out of the following list that you feel is most important for 

survival. You will then discuss your five items with your partner and come to a consensus 

regarding five items in total you will use to survive.  

Item Description 

 

Quadrant 

 

 

 

 

 

 

 

 

This item measures the angle between two 

visible points and position on a nautical map 

can be determined using the measured angle 

and a clock.  

 

 

Stainless Steel Sheet 

 

 

 

 

 

 

 

 

This item can reflect light.  

 

Mesh 

 

 

 

 

 

 

 

 

 

This item can provide protection against 

mosquitoes, bugs and other insects.  
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Liquids 

 

 

 

 

 

 

 

 

 

 

 

 

This item can provide transport of nutrients, 

regulation of body temperature and metabolism 

aid. 

 

 

Dried Provisions 

 

 

 

 

 

 

 

 

 

 

This item can provide long-lasting, ready to eat 

meals enough for one sitting each.  

 

 

Marine Chart 

 

 

 

 

 

This item can provide information about 

climate variations, fish distributions and water 

currents.  
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Floating Pillow 

 

 

 

 

 

 

 

 

 

 

 

This item can provide aid for someone who has 

fallen overboard.  

 

 

Fuel 

 

 

 

 

 

 

 

 

 

This item can be ignited using matches. 

 

Tarp 

 

 

 

 

 

 

 

 

 

 

 

This item can provide multiple uses related to 

water collection and shelter.  
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Alcohol 

 

 

 

 

 

 

 

 

 

 

This item can provide antiseptic uses.  

 

Cable 

 

 

 

 

 

 

 

 

This item can provide tying, dragging and 

lifting abilities. 

 

 

Nutrition Replacement Bar 

 

 

 

 

 

 

 

 

This item contains vitamins and minerals.  
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Pole 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This item can provide multiple uses such as 

catching fish or building shelter.  
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Appendix H: Full List of Words Used in Chapter 5 

Booze 
Hid 

Glass 
Hawed 

Cat 
Caught 
Sheep 
Hood 
Dog 

Who’d 
Paw 
Tree 
Heed 
Bee 
Had 
Hive 
Show 
Box 
Man 

Bench 
Cheese 

Beef 
Bread 
Fruit 
Sign 
Door 

 

 

  

 

 

 


