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Abstract 
 
 

Everyday speech is rarely fluent and often contains disfluencies, such as filled 

pauses uh and um. Disfluency is typically related to a speaker’s production difficulties 

and it may therefore be regarded as an impediment to effective communication. 

However, disfluency can actually be a source of information, whereby a speaker 

conveys non-literal information, or paralinguistic cues (e.g., regarding the speaker’s 

certainty or veracity), that can facilitate listeners’ language comprehension in a given 

context. But exactly how does a speaker’s manner of delivery exert its pragmatic 

effects on listeners’ language processing? 

This thesis takes a perspective to the study of disfluency by focusing on the 

influence of the speaker’s manner of delivery on listeners’ pragmatic comprehension, 

specifically the influence of context and disfluency on listeners’ real-time 

interpretations of ambiguous statements. Four mouse-tracking experiments and one 

eye-tracking experiments are reported here, reflecting an innovative attempt at 

investigating the pragmatic roles of disfluencies on online language comprehension. 

The experiments focus on the effects of filled-pause disfluencies like uh on 

listeners’ interpretations of utterances. The mouse-tracking studies aimed to test how 

this type of disfluency influences listeners’ interpretations of the ambiguous scalar 

quantifier some. The interpretation of some is known to depend on context, which 

makes this ambiguous word a good test case for exploring how pragmatic cues 

informed by disfluencies shape listeners’ understanding. For example, how do 

listeners interpret statements like “I got, uh, some ‘A’s in my Psychology courses” in 

an interview context, where a speaker might be trying to present their few number of 

‘A’s more positively, or deceptively? 

The results – both in participants’ final interpretations as well as in their online 

mouse trajectories – show that disfluency influences listeners’ understanding of some 
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via a rapid integration of the social situation and the speaker’s goals, and that this 

effect emerges in the early stages of listeners’ comprehension. These results suggest 

that listeners engage in speaker-modelling behaviour rather than relying on a heuristic 

relation between disfluency and deception. Also, the current findings clarify prior work 

whose findings were compatible with either a social reasoning account or an account 

in which disfluency merely heightens listener attention. Further experiments explore 

whether listeners’ interpretations reflect beliefs that the speaker has either stretched 

or even overwritten the meaning of some. Results from these experiments lead this 

work to broader questions about speakers’ strategic use of language. Given the role 

of social reasoning, these findings open up new questions about possible differences 

in this kind of reasoning across individuals with varying pragmatic abilities or across 

contexts that evoke different conversational goals or speaker agendas.  

A final eye-tracking study was conducted to test whether listeners’ pragmatic 

reasoning varies systematically across individuals. The eye-tracking study was 

conducted with participants whose pragmatic abilities were posited to vary. The study 

elaborated on prior work that has suggested that similar behavioural outcomes might 

be achieved via distinct cognitive processes. People’s eye movements were recorded 

as they responded to potentially misleading instructions to click on one of two objects 

which might conceal a hidden treasure. Eye movements analysis showed that 

listeners were less likely to click on the named object following disfluent instructions. 

Critically, when hearing disfluent utterances, a tendency to make early fixations to the 

named object increased with individuals’ Autism Quotient scores. This finding provides 

further evidence that even where utterances are equivalently understood, the process 

by which interpretations are achieved varies across individuals with different pragmatic 

abilities. 

Taken together, the results from mouse-tracking and eye-tracking studies 

reported in this thesis support an account of disfluency processing whereby listeners 

rapidly integrate the pragmatic cues of disfluency into a social reasoning process in a 

given context, a process that in turn varies with individuals’ pragmatic abilities.  
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Lay Summary 
 
 

 In everyday conversation, people often use disfluencies like uh and um while 

speaking. Although these speech interruptions might seem like communication 

barriers, disfluencies can actually provide useful information about the speaker, such 

as their confidence or truthfulness. This thesis investigates how such disfluencies 

affect how listeners understand ambiguous statements – sentences that can have 

multiple interpretations, as the conversation is happening. 

 Five experiments were conducted: four using mouse-tracking and one using 

eye-tracking techniques. The mouse-tracking experiments aimed to understand how 

the disfluency uh influences listeners’ interpretations, particularly focusing on the word 

some, which can have different meanings depending on the context. For example, in 

a job interview, a speaker says, “I got, uh, some ‘A’s in my psychology courses”, 

listeners might interpret it differently based on the speaker’s hesitations and the social 

context. Our results showed that listeners reason socially to understand the 

ambiguous utterances: they quickly integrate the presence of disfluencies with the 

social situation and the speaker’s goals to understand the utterance, rather than just 

assuming from disfluencies that the speaker is being deceptive. 

 Additionally, an eye-tracking study explored whether people with different 

pragmatic abilities, as suggested by Autism Quotient (AQ) scores, interpret 

disfluencies differently. Previous research has suggested that people with higher AQ 

scores have difficulty accessing figurative meanings and tend to prefer literal 

interpretations of language, meaning that they often understand words and sentences 

exactly as the utterances are said. Pragmatic ability, reflected in lower AQ scores, 

involves understanding language in context, where words may carry implied or non-

literal meanings. By exploring the relationship between AQ scores and how people 

comprehend disfluencies in utterances, we aim to better understand individual 
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differences in language comprehension. Our results showed that when hearing 

disfluent sentences, people with higher AQ scores tended to quickly lean towards a 

literal interpretation of what is being said. This finding suggests that the way 

interpretations are processed varies among individuals. 

 Overall, our findings highlight that listeners use disfluencies as pragmatic cues 

and they incorporate them into a social reasoning process - a process that varies with 

individual differences in pragmatic abilities. 
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Chapter 1 
Introduction 
 
 

When comprehending daily utterances, listeners not only take what is said, but 

also how the speech is uttered, into consideration. As a typical characteristic of 

spontaneous speech, disfluency is defined as any interruption in the flow of speech, 

including phenomena like hesitations, repetitions, corrections and filled pauses (e.g., 

uh or um). Disfluency is indicative of a speaker’s manner of speech and is known to 

influence how listeners perceive an utterance (Fox Tree, 1995; Zuckerman, Depaulo, 

& Rosenthal, 1981). With a specific focus on filled pause type of disfluency uh, the 

effect of disfluencies on language comprehension is the topic of this thesis. 

This thesis specifically examines the effects on comprehension of the 

disfluency uh in real-time language comprehension. Combining mouse-tracking and 

eye-tracking methods, the studies here explore in depth how disfluencies affect online 

pragmatic comprehension, testing the combined effects of manner of delivery and 

social context. By analysing not only the comprehension result, but also the process 

of comprehending, the current results emphasise the point that even when the 

utterances are understood equivalently, the process by which an interpretation is 

achieved can vary. 

Other than the widely used eye-tracking method, mouse-tracking paradigms 

are applied in the current study of online language processing. Despite its potential, 

mouse-tracking has not yet been extensively adopted in language comprehension 

research. Like the visual world paradigm, mouse-tracking is able to capture the 

dynamics of language processing in real time (Spivey, Grosjean, & Knoblich, 2005). 

Deviations and hesitations in mouse movements may hint at features of language 

processing, for example, how comprehenders react to ambiguity or other conflicts of 
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interpretation. These characteristics make this technique a perfect method in this 

thesis to examine the real-time effect of disfluency in language comprehension. 

 Building upon previous research, this thesis presents a series of experiments 

designed to investigate the pragmatic effects of disfluencies in interpreting ambiguous 

statements. These experiments focused on a specific ambiguous word – the scalar 

quantifier some. Listeners’ interpretations of the word some depend largely on context 

(e.g., Bonnefon, Dahl, & Holtgraves, 2015; Breheny, Katsos, & Williams, 2006; 

Politzer-Ahles & Husband, 2018). Therefore, studying how some is interpreted in a 

given social context provides an appropriate testbed for how disfluency exerts 

pragmatic cues for listeners’ comprehension. This series of studies indicate an 

account of how listeners comprehend disfluencies: disfluency cues a rapid social 

reasoning process where listeners integrate the pragmatic cues of disfluency fast in a 

given social context. This process includes two stages of reasoning that listeners 

reach an initial interpretation compatible with the broad semantics of the utterance, 

but can then override this if context and disfluency allow. 

With the finding from mouse-tracking studies that disfluency cues a social 

reasoning process, a further question arises as to whether this reasoning process 

varies across individuals. An eye-tracking study explored this question and tested the 

processing differences among individuals with varying levels of pragmatic ability, 

suggested by Autism Quotient scores. This study provided further evidence that 

disfluency comprehension cues a social reasoning process rather than an automatic 

process as it varies with individual’s social cognitive profile. 

1.1 Thesis overview 

 Chapter 2-4 provide the background for the experimental work presented in this 

thesis. In Chapter 2, I review the disfluency literature. I introduce relevant concepts, 

define disfluencies in the context of this thesis, and describe the possible causes of 

disfluencies. The focus of this chapter is on how disfluency in spontaneous speech 

affects language comprehension, where I discuss and evaluate existing evidence and 

different accounts regarding the disfluency comprehension process. In Chapter 3, I 

then review literature relevant to the comprehension of utterances with ambiguity, with 

a focus on the ambiguous word some. I discuss and evaluate various accounts of the 

processing of some and explain how the effect of disfluency can be explored via 
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examining the processing of this word. Chapter 4 introduces mouse-tracking and eye-

tracking methods. Focusing on the main methodology used in the experimental work, 

I explain how mouse-tracking works and why the mouse-tracking data and 

methodology is suitable for investigating language comprehension process. By 

reviewing relevant literature on language comprehension that has applied mouse-

tracking methods, I evaluate a commonly used mouse-tracking paradigm and 

techniques for analysing mouse-tracking data.  

 Chapter 5-7 comprise the experimental studies and are the main body of this 

thesis. Chapter 5 and Chapter 6 contain a series of mouse-tracking studies, 

investigating the effects of the filler pause disfluency uh on listeners’ interpretations of 

some. In Chapter 5, I describe two mouse-tracking experiments which explored 

whether the pragmatic effects of disfluency on the processing of some observed in 

previous literature persist across different social contexts. The results provide 

additional evidence for the pragmatic role of disfluency in real-time language 

processing. The findings also highlight that disfluency influences listeners’ processing 

of some via modelling the speaker’s mind to reason socially for appropriate 

interpretations in the given context, rather than heuristically. In Chapter 6, I describe 

two more mouse-tracking experiments which further investigated listeners’ ability to 

engage in social reasoning to model their interlocutor. The results affirm a social 

reasoning account regarding the effect of disfluency on comprehension, indicate the 

speaker’s strategic use of language. In Chapter 7 I present an eye-tracking experiment. 

Results from previous mouse-tracking experiments raise the possibility of listeners’ 

pragmatic ability influencing the effect of disfluency on comprehension. In this eye-

tracking study, I test the hypothesis of individual differences in pragmatic reasoning 

process. Eye-tracking results show differences of comprehension process vary by 

individuals’ pragmatic abilities. Similar comprehension outcomes are shown to arise 

via distinct cognitive processes.  

In Chapter 8 I summarise the main findings from the experimental work. I 

suggest what functions of disfluencies may have driven the observed results in 

language processing and describe a possible account of disfluency comprehension to 

explain the findings, incorporating the listeners’ effective use of social cues and their 

own pragmatic abilities in comprehension. 
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Chapter 2 
Disfluencies in Speech 
 
 

2.1 Introduction  
 Spontaneous speech in daily conversations, which is the prototypical form of 

human language use, is rarely fluent. Rather than the fluent speech studied to build 

language production and comprehension models, disfluency is the actual norm of daily 

language and a pervasive phenomenon that has gradually attracted psycholinguists’ 

attention. 

Disfluencies are often caused by difficulties in the speaker’s production process. 

As for the listener who hears someone produce disfluent speech, they may on one 

hand attribute that disfluency to production difficulties, but they may also draw other 

conclusions about what gave rise to the disfluency. Moreover, this effect of disfluency 

on listeners’ language comprehension seems to vary by contexts. This thesis has two 

broad foci: (i) the question of how listeners use disfluencies as pragmatic cues to 

reason socially and (ii) at what stage of comprehension this reasoning happens. 

To understand what previous studies have covered for these points, this 

chapter reviews the disfluency literature with the aim of providing relevant background 

for the experimental work presented in this thesis. I define disfluency in the context of 

this thesis, briefly introduce various types of disfluencies with a focus on filler 

disfluencies. I explain the possible causes of disfluencies and discuss the 

communicative role disfluencies play in a speaker’s production. I discuss findings from 

previous studies exploring the question of how disfluency influences listeners’ 

comprehension process. I highlight two accounts to address this question and 

emphasise the beneficial effect of disfluencies on acting as pragmatic cues which 

listeners are able to integrate quickly in comprehension process. 
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2.2 What are disfluencies? 

2.2.1 Define disfluencies 

Utterances have been described as being produced in a three-stage pipeline1: 

conceptualisation, formulation and articulation (Levelt, 1983, 1989). Before uttering a 

sentence, speakers must first conceptualise the message they want to convey. 

Formulating this message into speech involves planning the syntactic structure, 

retrieving appropriate lexical words, properly inflecting the words with correct 

grammatical forms, and detailing the articulation and phonetics. The phonological form 

resulting from this process can eventually be articulated. A self-monitoring process 

also accompanies these three stages. Speakers monitor their internal speech before 

articulation and also monitor their external speech after articulation.  

Moreover, language production is generally recognised to be an incremental 

process, with speakers conceptualising and formulating the conveyed messages 

simultaneously when speaking (e.g., Ferreira & Swets, 2002; Marslen-Wilson & Tyler, 

1981). Therefore, it is expected that difficulties may arise during any stage of 

production. These difficulties in production stages can eventually lead to disfluencies. 

Disfluency is defined as a phenomenon characterised by interruptions in the 

flow of spontaneous speech that do not add propositional content to utterances (Fox 

Tree, 1995). Disfluencies are a pervasive feature of daily communication, occurring 

with an estimated rate of six in every hundred words excluding silent pauses (Bortfeld, 

Leon, Bloom, Schober, & Brennan, 2001; Fox Tree, 1995; Shriberg, 1994). Even 

though fluency is typically the speaker’s goal, disfluency is the actual norm, leading to 

the rising importance of exploring the effects of disfluencies on listener’s language 

comprehension. 

Dependent on the field of study, the use of the term disfluency itself varies. For 

example, disfluency (also as dysfluency) in speech pathology specifically refers to 

disorders of fluency, such as stuttering (see Lickley, 2015 for detailed definitions); 

alternatively, disfluency is regarded as a lack of proficiency in a target language when 

used in second language learning studies (De Jong, 2018; Kormos & Dénes, 2004). 

 
1 For the convenience of explaining, this thesis assumes the basic three-stage speech production 
model raised by Levelt (1983, 1989). 
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The review in this thesis of the disfluency literature is not intended to be an exhaustive 

review, but to define disfluencies and related terms used throughout this thesis with a 

focus specifically on disfluencies produced in typical, healthy adult native English 

speakers, given that the aim of the thesis is to explore how these disfluencies are 

perceived by listeners. Common types of disfluency phenomena produced in daily 

speech are introduced in detail in the next section. 

 

2.2.2 Types of Disfluencies 

There has been little consensus on how to categorise disfluencies in 

spontaneous speech. Defined as breaks involved in the flow of speech, disfluencies 

are further categorised into two main phenomena resulting from problems in the 

production process: (i) disfluencies that simply introduce hesitations in production; or 

(ii) those that alter or repair part of the utterance. Each category includes subtypes 

which are detailed in Table 2.1. This typology adopts an approach set out by Lickley 

(2017) and Shriberg (2001). 

 

Table 2.1 Two main categories of disfluencies with detailed subtypes and examples 

(Italics indicates the interruption point) 

Disfluency category Disfluency type Example 

Hesitations Fillers (Filled pauses) I ate, uh, some oreos. 

 Silent pauses Do you truly (silence) believe so? 

 Lexical fillers She was, you know, very nice. 

 Prolongation I have read prooooobably more than this. 

 Repetitions That was all, all I can say. 

Repairs False starts It is [summ], autumn now! 

 Substitutions Do you have any health cover, any health 

insurance? 

 Insertions I agree, I also agree with you. 

 

The subtypes listed in Table 2.1 refer to the type of wording change between 

the lexical content before and after the interruption point, without attempting to identify 

the causes or functions of these disfluencies, but rather merely showing the 

differences between the observable patterns of these disfluency types in interrupting 

the flow of utterances. As the experimental work presented in the current thesis 
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focuses on the category of fillers (i.e., um or uh), a general introduction to this specific 

kind of disfluency is presented below. Further details of filler production and 

comprehension are discussed in the later sections. 

 

2.2.3 Fillers 

 Fillers, also referred to as filled pauses, are a type of hesitation disfluency 

characterised by a delay of utterance production followed by continuing but not 

repairing the utterance (Macgregor, 2008). The phonological form of fillers varies 

across languages2 and accents. In English, fillers are commonly represented in the 

orthographical form of um or uh, with an American English pronunciation of um or uh 

and a British English pronunciation er. For the convenience of discussion, I make no 

distinction among these variants of fillers, and I refer to fillers using the term specified 

by the authors in the relevant literature. When discussing the current studies 

throughout this thesis, I use uh3 specifically to represent the filler. 

 Fillers were once taken as mere performance errors, simple production 

problems that contain no linguistic meaning (Blacfkmer & Mitton, 1991; Chomsky, 

1965; Cossavella & Cevasco, 2020). However, despite a representation as a speech 

error, accounts arose suggesting that the production of fillers can provide a window 

into underlying speech production mechanisms (Goldman-Eisler, 1961). For example, 

the location of fillers can reflect speakers’ decision-making process in at least lexical 

and structural levels (e.g., Rochester, 1973). Also, fillers are regarded as non-linguistic 

signals used to hold the floor between conversation turns (Maclay & Ossgood, 1959). 

Apart from these accounts regarding fillers as non-lexical terms, Clark and Fox Tree 

(2002) proposed that um and uh are conventional English words, as they found from 

analysing large corpora of spontaneous speech that speakers monitor their speech 

plans for delays, formulate and produce fillers as for any words. Under this account, 

fillers no longer just signal a production problem, but they carry communicative goals 

and meanings. This viewpoint has not gone unchallenged (see Corley & Stewart, 

 
2 Articles discussing fillers in different languages include the following: French: Crible, Degand, & 
Gilquin (2017); Dutch/German: De Leeuw (2007), de Boer & Heeren (2020); Portuguese: Moniz (2013); 
Chinese: Yuan, Xu, Lai, & Liberman (2016); Japanese: Watanabe, Hirose, Den, & Minematsu (2008). 
3 Many previous studies have also taken the view that the use of um and uh in the spontaneous 
utterances should be distinguished (e.g., Clark & Tree, 2002; Fox Tree, 2001), but this thesis does not 
explore this perspective in detail and uses uh as a general representation of fillers. 
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2008), but the communicative role of fillers provides us an important reason to explore 

them in spontaneous speech. 

 

2.3 Why do speakers produce disfluencies? 

 As discussed in previous section, this thesis focuses on the perception of the 

disfluent utterances. By emphasising listeners’ perspectives, I highlight the importance 

of exploring how disfluency is understood. This does not mean a complete neglect of 

the speaker’s side. Before moving on to the discussion of the comprehension of 

disfluencies, it is necessary to discuss first why a speaker might produce disfluencies 

(especially fillers) to understand betters how a listener perceives these disfluencies in 

processing. 

 Disfluencies often signal that a speaker is having difficulties in speech 

production and such difficulties can occur in different stages (i.e., planning, lexical 

retrieval or articulation) (Schnadt & Corley, 2006). It has been proposed that different 

types of disfluencies may signal different issues during production (Bortfield et al., 

2001). For example, repairs stand out from other disfluencies as they correct a speech 

error rather than serve as a mere interruption. 

 Moreover, the production of disfluencies varies among individuals. Speakers 

with different speech speeds may differ in their production of disfluencies: individuals 

who speak slowly are more likely to use fillers, silent pauses or repetitions, while those 

who speak faster tend to produce more repairs (Ferreira, Lau, & Bailey, 2004). 

Individual differences in executive functions and intelligence also lead to differences 

in the types of fillers produced. For example, inhibitory control is related to repair 

disfluencies production (Engelhardt, Nigg, Ferreira, 2013), memory abilities are linked 

to production of silent pauses and repairs, while verbal intelligence is found to be 

related to repetitions (Engelhardt, McMullon, & Corley, 2019).  

With a focus on filler production, I summarise the evidence generally describing 

why speakers produce disfluencies in the sections below. I also expand on the 

observation that speakers produce disfluencies as communicative signals.  
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2.3.1 Causes of filler production: Difficulties 

2.3.1.1 Of speech planning process 

When planning difficulties arise, a speaker may produce fillers, particularly at 

the beginning of an utterance or a phrase. During the conceptualisation and 

formulation process in speech production, choices of utterances, attentional resources 

allocated to formulate speech, as well as the ability to self-monitor, are all important 

factors that may be related to filler production. 

Choices a speaker faces during planning can lead to disfluency production. 

Beattie and Butterworth (1979) found more fillers before words with low contextual 

probability, and they considered this to be because when speakers choose words that 

are less predictable or obvious in a given context, they might be more conscious of 

the word selection process. This heightened awareness in deciding which word to use 

leads to more disfluencies.  

The point that the increase of fillers rate is related to ambiguity due to a wider 

range of choices has also been supported in Christenfeld (1994). In this study, 

participants were asked to describe a path through a maze so that another person, 

upon hearing the description, could accurately recreate it. Each participant was 

provided with three mazes, each containing varying numbers of possible route choices. 

The results showed that filler production was related to the number of choices: 

speakers produced a higher rate of filled pauses when describing the maze with more 

alternative routes.  

Schachter et al. (1991, 1994) also illustrated how the choices of words were 

involved in disfluency production. Schachter et al. (1991) found that the frequency of 

filler usage varied with academic disciplines being lectured on, where lecturers in the 

natural sciences were observed to use fewer fillers compared to those in the 

humanities, with social sciences falling in between. Schachter et al. hypothesized that 

this variation in filler occurrences might be due to the linguistic choices available in 

each field – specialised and limited vocabulary in natural sciences may reduce the 

cognitive load on lecturers when choosing appropriate terms. Schachter et al. (1994) 

analysed vocabulary size across different types of texts related to these fields, which 

further supported the point that natural sciences tend to use a narrower range of terms. 

Availability of attentional resources are also related to filler production. In 

Oomen and Postma (2001), they used a dual-task paradigm to manipulate whether a 
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speaker’s attention is divided or not. Speakers who performed a picture story-telling 

task produced more fillers when they simultaneously performed a tactile-form 

recognition task. The concurrent tasks were speculated to limit attentional resources 

for speech formulation and the increased number of fillers was regarded as an 

automatic reaction to the increased planning difficulties when encountering concurrent 

tasks. 

The production of fillers has also been related to successful self-monitoring, 

whereby a speaker detects and corrects mistakes made during planning or articulation 

(Postma, Kolk, & Povel, 1990; Postma & Kolk, 1992; Postma & Noordanus, 1990). In 

production studies conducted by Postma et al. (1990) and Postma and Noordanus 

(1990), speakers were instructed to focus on their speech, which was expected to 

boost self-monitoring. Both studies found that speakers made fewer speech errors 

while maintaining the same numbers of fillers, resulting in an increased filler to error 

ratio. Conversely, Postma and Kolk (1992) found when reducing the self-monitoring 

process by masking auditory feedback with noise, speakers produced fewer fillers. 

These findings suggest that when speakers increase self-monitoring, they avoid 

speech errors at the cost of producing more fillers.  

 

2.3.1.2 Of speech content 

 Besides their association with planning difficulties, the production of fillers has 

also been found to relate to certain types of messages being conveyed. In this sense, 

the occurrences of fillers may reflect information beyond speech itself, such as 

speaker knowledge. 

The presence of fillers is associated with reduced confidence on the part of the 

speaker. Smith and Clark (1993) showed that speakers were more likely to give 

incorrect answers to general knowledge questions when their responses included 

fillers compared to when their responses were fluent. Furthermore, using Feeling of 

Knowing (FOK) measures (Hart, 1965), they found that speakers rated themselves as 

less confident about their answers when they had been disfluent.  

Moreover, previous studies have also found that speakers produce more fillers 

before content words (Maclay & Osgood, 1959), low-frequency words (Beattie, 1979; 

Levelt, 1983), less-preferred syntactic structures (Cook, Jaeger, & Tanenhaus, 2009), 
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and discourse-new or unfamiliar expressions (Arnold, Losongco, Wasow, & Ginstrom, 

2000; Arnold, Kam, & Tanenhaus, 2007). 

The relationship between filler production and the speaker’s conveyed 

message not only explains some occurrences of fillers, but also provides a strong 

basis to explore the informative role of fillers in spontaneous speech. This role of fillers 

is discussed below and further in section 2.4. 

 

2.3.2 Fillers’ communicative role 

As mentioned in introducing fillers in section 2.2.3, it has been controversial 

whether fillers have a functional role in communication rather than merely being 

audible errors due to speech planning or production difficulties. Goodwin (1980) notes 

that, while disfluencies in speech are typically seen as signs of difficulty in formulating 

speech on the part of the speaker, they show the speaker’s competence in 

constructing sentences that are sensitive to the listener’s needs and reactions. For 

example, fillers can be used by the speaker as a device to hold the floor in dialogue, 

informing listeners not to interrupt and that the speech is expected to continue. In this 

way, fillers are not simply a by-product of difficulties in speech production but can also 

be the intended output when communicating information about the status of the 

discourse to the addressee. 

Fillers can also be used by a speaker to signal upcoming delays. With a detailed 

corpus analysis of natural language, Clark and Fox Tree (2002) demonstrated that 

fillers, um and uh, were systematically used to indicate lengths of upcoming delays, 

with um used to signal longer pause in upcoming speech and uh signalling a shorter 

upcoming pause. Speakers are also found to use fillers strategically to maintain a 

continuous speech stream and avoid a silent pause. Jefferson (1974) found that 

speakers use the filler uh when they anticipate potential error or difficulty in their 

upcoming speech. 

Speakers’ modulation of their filler use according to their speech partner also 

provides evidence for fillers’ communicative intent (Oviatt, 1995; Walker, Risko, & 

Kingstone, 2014). Oviatt (1995) examined participants’ spoken disfluency rates in both 

human-computer and in human-human interactions. Filler rates were found to be 

significantly lower when participants spoke to a computer compared to speaking to 

another human, whether via telephone conversations or in face-to-face dialogues. 
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Walker et al. (2014) also investigated this phenomenon by asking participants to 

answer a series of general knowledge questions posed by either a human (human-

human interaction) or a computer (human-computer interaction). They found that 

participants produced more fillers when responding to a human. Additionally, Walker 

et al. introduced a condition where another human was present during human-

computer interactions. They discovered that filler rates were higher when another 

human was present compared to when participants were alone while answering 

questions posed by computers. These differences in filler rates can be explained by 

various factors. For example, social factors like social pressures and increased anxiety 

when another human is present may lead to more filler production. Furthermore, the 

presence of another human partner may suggest an expectation for a timely response, 

and fillers can be used by speakers to indicate that they are actively working on a 

response, albeit with a slight delay. 

Speakers were also found to control the use of fillers to make themselves more 

trustworthy for listeners (Arciuli, Mallard, & Villar, 2010; Loy, Rohde, & Corley, 2018). 

In a treasure-hunt game setting where speakers were asked to mislead listeners about 

the locations of treasures, speakers were found to produce fewer fillers when giving 

false statements (Loy et al., 2018). Arciuli et al. (2010) also found a decrease in 

speakers’ filler use when lying compared to truth-telling. These results suggest that 

when producing disfluencies, speakers take account of listeners’ expectations and 

manipulate their own behaviours to control listeners’ belief towards them. 

The evidence from the studies above suggests that fillers can be a 

communicative signal, but this cannot be fillers’ only role in the speech. They can still 

be an indication of task or planning difficulties. Moreover, although fillers were found 

to have higher production rate in dialogues, they do still appear in monologues which 

are not communicative situations (Oviatt, 1995; Finlayson & Corley, 2012). This can 

be explained by considering monologues as conversations with “a virtual partner” 

(Clark, 1999) in mind. However, the presence of fillers in non-dialogue situations 

suggest they may serve other functions. Despite other interesting possibilities, I would 

like to emphasise the communicative role for the topic of this thesis. Speakers do not 

need to intend to produce fillers, and fillers’ occurrence can certainly convey 

information to listeners, which is discussed further in later sections regarding the 

comprehension of disfluencies. 
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2.3.3 Summary: the production of filler disfluencies 

  The occurrence of disfluency is commonly associated with planning difficulties 

in speech production. The production rate of disfluencies increases when speakers 

have choices to make, have less attention available, or when speakers are conscious 

of self-monitoring during production. Fillers, other than an indication of production 

difficulties, are also regarded as containing communicative information. Speakers use 

fillers (either intentionally or not) to hold the floor, and the speech following fillers 

conveys specific messages about the speaker’s knowledge or the content of the 

speech. Bearing in mind why a speaker produces disfluencies, in the remaining 

sections, I consider fillers from a listener’s perspective with a focus on how fillers exert 

influence on speech comprehension.  

 

2.4 How do disfluencies affect listeners’ language 
comprehension? 

An intuition when it comes to listeners’ perception of disfluencies in speech is 

that people rarely notice them and may even “filter” them (Martin & Strange, 1968) 

when interpreting speech. Alternatively, disfluencies may add a burden to listeners’ 

grammatical and semantic understanding of the speech considering the definition of 

breaking the flow of perception. However, disfluencies can do more than provide 

listeners with information about the speaker’s difficulties in production; they can also 

influence listeners’ judgement of the speaker themselves or the listener’s processing 

of speech, which can benefit, instead of hindering, listeners’ comprehension process 

by providing communicative information. 

For example, in Brennan and Williams (1995)’s question-and-answer tasks, the 

presence of fillers was found to be interpreted by listeners to estimate the speaker’s 

knowledge. The more fillers a speaker produced in spontaneous verbal responses, 

the more likely the listeners were to rate that speaker as less knowledgeable and less 

confident about their answer. Brennan and Schober (2001) also showed that the 

information available from the presence of disfluencies can help listeners manage and 

adjust to interruptions that naturally occur in spontaneous speech. In a referential 

communication task, Brennan and Schober asked listeners to select a referent from a 

set of geometric objects based on instructions with fillers preceding the targets (e.g., 
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“Move to the yel-uh, purple square”) or without fillers (e.g., “Move to the yel, purple 

square”). They found that listeners were quicker and equally accurate in selecting the 

targe image when hearing mid-word interruptions accompanied by fillers (e.g., “Move 

to the yel-uh, purple square”) compared to those without fillers. The effects of 

disfluencies on listeners’ judgements about the speaker and the content of the speech 

suggest that listeners are sensitive to disfluencies and use the communicative 

information disfluencies provide. However, what specific information disfluencies 

convey is not entirely clear; they may provide cues affecting listeners’ attentional 

processes or they may signal pragmatic information. It remains underexplored how 

listeners become aware of and use this information during comprehension. At what 

stage of processing does the disfluency exert its influence on listeners’ comprehension 

– can the effect of disfluency be observed both in the outcome and the process of 

comprehension?  

 In the following sections, I review evidence from studies investigating the effects 

of disfluencies (with a focus on fillers) on speech comprehension. I first introduce two 

general accounts of how listeners possibly make use of the communicative information 

in disfluencies, and touch upon the time-course of listeners’ comprehension. I then 

discuss the relationship between disfluency and social contexts, emphasising 

disfluency’s role as a pragmatic cue within a listener’s social reasoning process. Lastly, 

I discuss the pragmatic features of disfluency, whereby disfluency can provide a cue 

to potential speaker deception, or it may invite heightened attention on the listeners’ 

part, or it may influence the interpretation of ambiguous utterances. 

 

2.4.1 Two accounts: heuristic or perspective-taking? 

Disfluency interpretation via heuristics 

One way of understanding the impact of disfluency on listeners’ interpretations 

is to assume a heuristic approach, where disfluencies inherently provide listeners with 

default inferences about the utterances. For example, utterances with fillers have been 

found to bias listeners’ perceptions of speaker honesty, with disfluent speakers being 

rated to be less honest (Fox Tree, 2002). Additionally, listeners associate fillers with 

speaker confidence, perceiving speakers who produce disfluent utterances as less 

confident when answering questions (Brennan & Williams, 1995).  
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Such findings can be understood within an account in which disfluencies 

impose a default interpretation bias of heuristic. This heuristic leads listeners to an 

interpretation without requiring that they engage in a reasoning process. In the cases 

of disfluency being judged as a pragmatic cue to lying, previous studies support a 

heuristic view with the evidence that the effect of disfluencies on listeners’ is quick 

(Zuckerman, Koestner, & Driver, 1981) and listeners’ judgement of the causes of a 

speaker’s disfluency is not always correct (DePaulo, Rosenthal, Rosenkrantz, & 

Green, 1982; Loy, Rohde, & Corley, 2018). Moreover, listeners appeared to make a 

heuristic judgement, as shown by DePaulo et al. (1982) whose study established a 

mismatch between a speaker’s actual disfluency rate when lying and listeners’ 

perception of deception from disfluent speech. While the number of filled pauses (uh 

or um) that speakers produced did not differ when they told the truth and when telling 

lies, listeners always judged the utterances with higher rates of filled pauses as a sign 

of lying. 

However, the aforementioned findings can also be interpreted from another 

perspective whereby the listeners’ inaccurate judgements in fact reflect a more 

nuanced model of the speakers. Listeners may think back to the situations when they 

themselves have been speaking, with the belief that disfluencies arose more often with 

cognitively effortful actions such as lying. This argument opens the possibility of a 

perspective-taking account of comprehension which may require listeners to consider 

speakers’ metacognitive status and reason about that status may influence the 

production of disfluencies. 

 

Disfluency interpretation via perspective-taking 

In real-life conversations, we take turns playing the role of speaker and listener, 

and therefore speakers’ production of disfluencies may provide a window for 

understanding how disfluencies are comprehended. Listeners, when they become the 

person comprehending the utterances, may attempt to review the situations when they 

are the speaker and are speaking disfluently. In this way, listeners take the perspective 

of speakers4 to understand what the speaker’s disfluencies may mean in a given 

context. 

 
4 See Brown-Schmidt (2009), Brown-Schmidt and Hanna (2011) for systematic reviews of how 
listeners combine knowledge of the speaker’s perspective with contextual information in real-time 
processing to reach their ultimate interpretation. 
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It should be noted that listeners may be taking the perspective of a specific 

speaker (i.e., the actual individual who is communicating in that moment) or a generic 

speaker (i.e., an abstract, non-personalised speaker who could represent any typical 

communicator in a similar situation). Distinguishing between these two possibilities is 

not the focus of the current thesis. Therefore, we are using the term ‘perspective-taking’ 

loosely throughout the thesis, without implying a strong distinction between speaker-

specific and speaker-general reasoning. Instead, the emphasis is placed on how 

interpretations are shaped by the broader social context and the desirable outcomes 

within that context, rather than the mental modelling of a specific individual speaker.  

This perspective-taking account assumes that disfluencies signal a delay in the 

forthcoming speech and that listeners reason about this delay from the contextual 

information and their cooperative assumptions about dialogue (Clark & Fox Tree, 

2002). According to this account, listeners’ comprehension of disfluent utterances 

should be speaker- and context-specific, depending on their understanding of a 

specific speaker and a specific social context. 

Part of the evidence supporting the perspective-taking account comes from 

studies on individuals with Autism Spectrum Disorders (ASDs), who are known to have 

challenges with Theory of Mind (Baron-Cohen, 1995) and may thus struggle to 

understand what another person is thinking or feeling (e.g, Hallin, Garcia, & 

Reuterskiöld, 2016; Lake, Humphreys, & Cardy, 2011). Lake et al. (2011) analysed 

language samples from adults with ASD and found that individuals with ASD produced 

fewer fillers compared to individuals with typical development. Similarly, Hallin et al. 

(2016) found that school-age children with ASD used fewer fillers in conversations 

compared to their typically developing peers. The reduced use of fillers by individuals 

with ASD (whose perspective-taking abilities may differ from neurotypical individuals) 

could be taken to suggest that fillers serve a listener-oriented function, whereby they 

are produced for the benefit of listeners. For individuals with difficulties in perspective-

taking, this lack of attention to social signals involved in fillers may result in challenges 

understanding the implicit social meanings conveyed by fillers (Irvine, Eigsti, & Fein, 

2016). The differences between ASD and non-ASD individuals will play a role in this 

thesis in an experiment that tests possible cognitive resources and mechanisms that 

are implicated in a perspective-taking account (see Chapter 7). 

A study by Arnold and colleagues (Arnold et al., 2007) also provides supporting 

evidence for the perspective-taking account. If a listener hears a speaker being 
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disfluent (e.g., “click on thee uh…”), the listener may guess that the speaker has 

referred to a new or unusual object that is difficult to describe rather than an everyday 

object (such as an apple). However, if a listener is given speaker-specific information, 

such as that the speaker has object agnosia and thus naturally has difficulty naming 

everyday objects, the listener no longer anticipates the relationship between speaker’s 

uttering disfluencies and referring to the unusual-shaped object. Results from Barr 

(2001), together with Barr and Seyfeddinipur (2010), also showed that listeners were 

more likely to expect an upcoming mention of a new referent when hearing disfluent 

speech with filler um than when hearing the same utterance where the filler was 

replaced by noise. This effect of disfluency was also found to be dependent on speaker, 

as it depends on what is regarded to be new for the speaker, rather than for the listener. 

These studies provide further evidence for a perspective-taking mechanism underlying 

the effect of disfluencies and indicate that listeners make inferences about the 

speaker’s knowledge and mental state to interpret disfluent utterances. 

 

These two accounts, perspective-taking and heuristic, offer different 

perspectives on how listeners utilise disfluencies in comprehending utterances in real 

time. A critical difference between these two accounts is whether context influences 

the effects of disfluencies. The heuristic account assumes that context does not affect 

listeners’ comprehension of disfluent utterances. For example, when judging the 

truthfulness of utterances, disfluent utterances are perceived as deceptive regardless 

of contexts. In contrast, the perspective-taking account suggests that the effects of 

disfluency are context-specific, meaning that the pragmatic cues conveyed by 

disfluencies depend on the given context. In this account, for example, listeners do 

not automatically judge disfluent utterances as untruthful but interpret them through a 

reasoning process. In the heuristic account, the fast integration of disfluency into 

interpretation does not necessarily eliminate all involvement of speaker modelling, but 

such speed could also be evidence that modelling the speaker is a fast process when 

appropriate context is provided. In the next section, I introduce the role of context in 

listeners’ comprehension in detail.  
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2.4.2 Role of context 

Context is a critical factor to discuss when considering language 

comprehension, as in daily conversations, listeners do not interpret the speaker’s 

words in isolation, but they also consider the context in which those words are used 

(Garten, Kennedy, Sagae, & Dehghani, 2019). As suggested by the perspective-taking 

account, a speaker’s manner of speech, (i.e., whether the speaker is fluent or not) can 

have different effects on speech comprehension in various social contexts. For 

example, fillers are often used strategically in speech to gain time and enhance overall 

communicative competence. Listeners are more likely to make negative evaluations 

towards speakers if fillers are produced in formal speaking contexts, such as job 

interviews and public speaking (Rose, 2008; Brosy, Bangerter, & Mayor, 2016). 

This pragmatic function of disfluencies suggest that context may influence 

disfluency’s effect on listeners’ online comprehension via a social reasoning process. 

By social reasoning, I refer to a process where listeners are cued by the occurrences 

of disfluencies to pragmatically reason why the speaker is disfluent in a specific social 

context. 

In the following sections, I elaborate the types of social cues that disfluency can 

provide to listeners. I summarise several kinds of social cues disfluencies can act as: 

pragmatic cues of deception; cues to heighten attention and cues for clarifying 

ambiguous utterances. 

 

2.4.3 Disfluencies as pragmatic cues 

2.4.3.1 Disfluency cues deception 

Disfluencies, such as fillers, have been found to influence listeners’ pragmatic 

inferences about whether a speaker is truthful or deceptive. Studies on lie detection 

draw attention to vocal cues when recognising deception (Bond & DePaulo, 2006) and 

in a questionnaire task used in Zuckerman and colleagues (Zuckerman, Koestner, & 

Driver, 1981), fillers were found to be one of the vocal cues that listeners frequently 

associate with perception of lying. In a meta-analysis of 33 studies assessing the cues 

listeners use to detect lies, the presence of fillers in speech was consistently identified 

across different studies as a significant indicator of deception (Zuckerman, DePaulo, 

& Rosenthal, 1981). 
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Recent studies have also provided evidence relating speakers’ disfluency to 

listeners’ pragmatic interpretation of deception in real-time language processing (Loy, 

Rohde, & Corley, 2017; Loy, Rohde, & Corley, 2018). Loy et al. (2017, 2018) used a 

treasure-hunting computer game task where listeners needed to click one of two 

objects, while listening to a potentially dishonest speaker giving instructions in fluent 

(“The treasure is behind the giraffe”) or disfluent sentences (e.g., “The treasure is 

behind the, uh, giraffe”). Listeners’ eye and mouse movements were found to show a 

bias towards the speaker’s named image (referent) when hearing fluent utterances 

and towards the unnamed image (distractor) in disfluent condition.  

Disfluencies cuing deception may not be the only factor affecting listeners’ 

biases on distractor in previous studies. There is evidence that listeners are also 

sensitive to the context in which disfluencies occur, particularly when evaluating 

whether the speaker is lying or not (King, Loy, & Corley, 2017). King et al. (2017) used 

the treasure-hunt game paradigm of Loy et al. (2016, 2017), manipulating not only the 

manner of speech of the speaker, but also an alternative local cause of speaker 

disfluency – whether the speaker was distracted by a car horn. Listeners’ eye and 

mouse movements towards the referent indicated that participants judged the speaker 

to be truthful, while movements towards the distractor indicated a judgement of lying. 

King et al. observed that listeners initially moved towards the referent and only fixated 

and clicked the distractor later when car horn is present with the speaker’s disfluent 

instruction. This pattern showed that listeners initially judged speaker to be truthful but 

changed their judgement, concluding the speaker was lying. This result suggests that 

listeners might temporarily consider contextual information, such as car horn, and 

reason that the distraction caused the speaker’s disfluency. This finding indicates that 

listeners’ disfluency-deception bias is not applied as an across-the-board heuristic. 

While disfluency can act as a cue for deception, when different contexts are provided, 

listeners are capable of modelling the speaker’s mind to reason about the cause of 

disfluency in that specific context. 

  

2.4.3.2 Disfluency cues to heighten attention or to disambiguate  

Besides cuing potential deception, disfluencies have also been found to have 

functions beneficial for listeners’ comprehension in spontaneous speech, including 

heightening listeners’ attention towards speech that follows (Collard, Corley, 
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MacGregor, & Donaldson, 2008) and informing listeners of resolution of ambiguous 

utterances (Bailey & Ferreira, 2007; Loy, Rohde, & Corley, 2019). 

Collard et al. (2008) utilized event-related potentials (ERPs) and asked 

participants to listen to speech with hesitations while these listeners’ brain responses 

were recorded. They found that words preceded by a disfluency were more likely to 

be remembered and their results highlighted disfluency’s relationship with attention in 

language processing that disfluencies can provide cues to heighten attention for words 

following disfluencies.  

In a visual world paradigm task by Bailey and Ferreira (2007), participants were 

asked to manipulate the objects placed in front of them following ambiguous 

utterances with fillers placed in different positions, such as “Put the, uh uh, apple on 

the towel in the box” vs. “Put the apple on the, uh uh towel in the box”. Listeners’ eye 

movements and their reactions showed more fixations towards the towel in the box in 

the late disfluency condition compared to the early disfluency condition. This finding 

indicates that disfluencies can inform the resolution of referential ambiguities and 

therefore may act as cues to disambiguate syntactic structures. 

Disfluencies’ role as a cue to influence the interpretations of ambiguous 

utterances is also shown in Loy et al. (2019). Loy et al. explored how listeners’ 

interpretations of the ambiguous word some varied with the speaker’s manner of 

speech. They set up a social context where eating more cookies is associated with 

face loss and observed listeners’ eye and mouse movements towards plate images 

with different numbers of cookies left when hearing utterances with (“I ate, uh, some 

oreos”) or without fillers (“I ate some oreos”). The results showed that when hearing 

disfluencies in this specific context, listeners were fast in deciding and choosing a 

corresponding inference of ambiguous some (“I ate some but not all oreos”). This fast-

reasoning process indicated that listeners are able to use disfluencies as a social cue 

facilitating understanding, bearing the context of speaker’s goal of face-saving in mind. 

Ambiguity problem is another pervasive phenomenon in daily speech. 

Ambiguous utterances and how disfluency is connected to disambiguating utterances 

are discussed further in Chapter 3. 
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2.4.4 The time-course of comprehension 

Besides the possible accounts of how listeners comprehend disfluencies, the 

time-course of the comprehension process is also a focus when exploring the effects 

of disfluencies in language processing. 

Disfluencies are found to influence the offline outcome of how people 

understand an utterance (Bonnefon, Dahl, & Holtgraves, 2015). Bonnefon et al. (2015) 

used an offline rating task, showing that disfluencies influence the eventual 

interpretation of some in a given social context. By manipulating the presence of silent 

pauses in different social scenarios and asking participants to read sentences, such 

as “some people hated your idea” or “some people loved your idea”, Bonnefon et al. 

found that disfluencies were related to negative meaning of some in both face-

threatening situations and in face-boosting situations. However, in face-threatening 

situations, the ultimate interpretation of some5 is the literal interpretation of some, 

“Possibly all people hated your idea”, while in face-boosting situations disfluencies 

were related to pragmatic interpretation of some, “Not all people loved your idea”. 

However, even when the outcome of understanding is similar, the process in 

online comprehension can be different. Many studies in ASD and non-ASD individuals 

provided evidence for this point. Both groups showed similar results in tasks exploring 

disfluency comprehension, such as providing context-appropriate explanations for 

disfluencies in stories (Happé’s Strange Stories Test: Happé, 1994), despite the 

expectation that ASD groups would exhibit less developed abilities in pragmatic 

reasoning (Hala, Pexman, & Glenwright, 2007; Happé, 1995; Jolliffe & Baron-Cohen, 

2000). Visual world experiment in Bailey and Ferreira (2007) also indicated the 

importance of observing the process of comprehending, as by observing the outcome 

of participants’ actions alone, they would notice that participants were able to correctly 

follow the directions in either early or late disfluency condition, but only by observing 

the online process of how participants’ fixation towards objects change could they 

conclude an effect of disfluency in disambiguating syntactic structure. 

With evidence from these studies, I emphasise the necessity of looking at the 

real-time process of listeners’ comprehension of disfluencies beyond the outcomes of 

interpretation. Studies from Loy et al. (2017, 2018, 2019) and King et al. (2017) have 

also drawn attention to the online effect of disfluencies in real-time language 

 
5 For detailed discussion of the interpretations of the scalar quantifier some, please check Chapter 3. 
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processing. Eye-tracking and mouse-tracking results from these studies showed that 

listeners integrate the pragmatic cues, such as disfluencies, quite quickly from early 

stages of comprehension before the speaker unfolding utterances. Similar results that 

listeners make pragmatic inferences rapidly in comprehension have also been found 

in Grodner and Sedivy (2011), Hagoort and colleagues (Hagoort, Hald, Bastiaansen, 

& Petersson, 2004), Kurumada and colleagues (Kurumada, Brown, Bibyk, Pontillo, & 

Tanenhaus, 2014) and etc.  

 

2.4.5 Summary: the comprehension of disfluencies 

 Despite being defined as simple interruptions of speech flow, disfluencies are 

shown to facilitate listeners’ language comprehension to reach an ultimate 

interpretation. There has been evidence that disfluencies can act as pragmatic cues 

of deception and to heighten attention of the following utterances, or cues for 

disambiguating speech. Previous studies have shown that the pragmatic cues 

involved in disfluencies affect listeners’ comprehension via a perspective-taking 

process or via a heuristic. However, with the findings that the effects of disfluencies in 

listeners’ comprehension were context-specific, it remained unclear which account can 

best explain the question of how disfluencies affect listeners’ real-time processing. 

This thesis aims to distinguish the perspective-taking and heuristic account. 

Importantly, this thesis will propose a social reasoning account that disfluencies cue a 

social reasoning process where listeners take the speaker’s communication goal in 

mind and consider the pragmatic functions of disfluencies in the given contexts. With 

many studies providing evidence for the incremental effects of disfluencies in online 

language processing, I also note in this thesis the importance of exploring the process 

of how disfluencies exert influence on listeners’ comprehension, rather than only 

focusing on the outcome of comprehension. 

 

2.5 Conclusion: Disfluency in spontaneous speech 
 Disfluency is a pervasive phenomenon in daily utterances and therefore an 

important part to understand the production and comprehension of spontaneous 

speech. The production of disfluency is not arbitrary, as disfluencies are found 

signalling production difficulties, and following discourse-new, unfamiliar, or low-
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frequency words. Under communicative circumstances, disfluencies are produced 

containing communicative information, such as showing intention to keep talking to 

hold the floor of conversations. When given certain social contexts as hiding 

deceptional intention to gain rewards, speakers were also found to manipulate the use 

of disfluencies to make themselves sound more or less trustworthy.  

 With disfluency defined as interruptions in speech flow, it may be thought to add 

ambiguity in the process of comprehending, but contextual information actually allows 

disfluencies to benefit rather than hinder listeners’ language comprehension. 

Disfluencies’ effects on helping comprehension process manifest as acting as 

pragmatic cues which lead listeners to a social reasoning process and disambiguate 

utterances in a specific context. This thesis, on the basis of previous studies on 

exploring the pragmatic role of disfluencies, focuses on investigating the specific social 

reasoning process of disambiguating utterances and its time-course behind listeners’ 

uses of disfluencies in social contexts. To further discuss how disfluencies may provide 

resolution for ambiguous utterances in language comprehension, I describe what 

ambiguous utterances are and elaborate the relationship between disfluencies and 

ambiguity in spontaneous speech in Chapter 3.  
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Chapter 3 
Pragmatic Ambiguity in Speech 
 
 

3.1 Introduction 
Following the discussion of disfluency’s role in language comprehension, this 

chapter reviews the ambiguity literature that is specifically related to the 

aforementioned research question. In this thesis, I specifically focus on pragmatic 

ambiguity in spontaneous speech. To review prior work on ambiguity resolution in 

language comprehension, I first introduce two major language processing models. 

With a special focus on pragmatic ambiguity, I define ambiguous utterances in the 

background of this thesis. I draw special attention to a specific case of ambiguity, the 

scalar quantifier some, discussing how some can be ambiguous in utterances. The 

focus of this chapter is how listeners process the scalar quantifier some in speech with 

disfluencies, in which the time-course of the processing and the influence contexts 

draw on listeners’ processing are elaborated. Combining the evidence from previous 

studies, I highlight disfluency’s pragmatic role in the facilitation of understanding some 

in real-time comprehension and pinpoint the unanswered question on how disfluencies 

exert influence on listeners’ processing of some, specifically how listeners integrate 

the pragmatic cues from disfluencies with a given social context in which the utterance 

is produced.  

It is important to note that the studies and papers discussed in this chapter are 

selected to illustrate key concepts and mechanisms relevant to the ambiguity 

resolution or disfluency processing. These examples serve as representative cases 

rather than exhaustive or definitive statements on these topics. 
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3.2 Language processing models 
A successful understanding of utterances requires listeners to resolve the 

ambiguous parts in speech. Previously, different models of language comprehension 

have been proposed to explain how listeners resolve temporary ambiguities 

encountered in processing. One type of comprehension model assumes a serial 

computation, such as garden-path model (Frazier, 1987; Frazier & Rayner, 1982). 

These models are serial, meaning that they produce a single interpretation at a time. 

Specifically, the garden-path model is modular in nature, prioritising the role of 

syntactic category information and indicating that the initial processing is isolated from 

other types of knowledge. The garden-path model only uses all available information 

in the second stage to check whether the first-stage analysis is plausible and initiate 

a re-analysis of the structure if necessary. 

This model has not gone unchallenged by observations that factors beyond 

sentence structure alone affect sentence processing, leading to the development of 

the constraint-based model (McClelland, St. John, & Taraban, 1989; Spivey-Knowlton 

& Sedivy, 1995; Spivey-Knowlton, Trueswell, & Tanenhaus, 1993). Different from serial 

models like the garden-path model, constraint-based models assume a parallel and 

non-modular computation. In constraint-based models, the current interpretation 

reflects the integration of multiple competing constraints, meaning that various 

sources of linguistic and non-linguistic information are gradually integrated into the 

comprehension system to compute the most plausible interpretation. Importantly, 

constraint-based models suggest that different types of information continuously 

interact until the listener settles on a final interpretation. Under the constraint-based 

model, the comprehension of utterances is context-driven and this model suggests 

that listeners integrate multiple sources of information as soon as the utterance unfolds. 

Bearing in mind this brief introduction of two major language comprehension 

models proposed by previous studies, I review ambiguity literature in the following 

sections, with a special focus on pragmatic ambiguity.  

 

3.3 What is pragmatic ambiguity? 
Ambiguity is an inherent feature of human language – far from being an 

obstacle to communication, it reflects a dynamic interplay between a speaker’s 
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choices of words and the complexity of listeners’ experience and perspectives. In the 

simplest sense, one reason that ambiguity arises in language is because reality is 

much more complex than language (Pehar, 2001). Ambiguity resolution is therefore a 

core task in language comprehension. 

While ambiguity is a pervasive phenomenon in both written and spoken 

language, I focus in this thesis specifically on the latter type – ambiguous utterances. 

By focusing on utterances, I emphasise two features. The first feature is that 

utterances involve both sides of interlocutors (i.e., speakers and listeners). The second 

feature, demonstrating the additional difficulty of speech compared to written language, 

is that ambiguities in utterances must be resolved in real-time to achieve a 

communicative goal.  

  One useful definition of an ambiguous utterance is that it involves “interpretive 

uncertainty” (Kennedy, 2009), meaning that multiple meanings can be mapped to one 

utterance. To detail this definition in terms of this thesis, “interpretive” represents a 

listeners’ perspective, and “uncertainty” specifically refers to the uncertainty of 

assigning a distinct meaning to an expression which can be understood in different 

ways, perhaps according to context. Despite this definition being general, it provides 

a good basis for the exploration of the phenomena in human spoken language outlined 

in this thesis. 

Defined in such a way, daily speech can be ambiguous at all levels of linguistic 

analysis (i.e., lexical, syntactic or pragmatic). For the purposes of introducing the 

concepts that are of the most interest for this thesis, I give special focus to pragmatic 

ambiguity. In the next section, I define pragmatic ambiguity and explain why this 

specific ambiguity is of focus in this thesis. 

 

3.3.1 Define pragmatic ambiguity  

Pragmatic ambiguity often arises in a communicative environment, when an 

utterance can be interpreted in multiple ways based on contexts and implicatures 

drawn from the conversations. It is not the words or sentence structures that are 

ambiguous, but rather the intention, belief and attitudes of a speaker that inform 

meaning in a given context.   

 

(1) Can you open the window? 
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For example, sentence (1) does not contain any ambiguity in the sentence itself, 

but it could be interpreted in various ways if considering this sentence in different 

contexts. This sentence could be a request, asking the listener to open the window, or 

it could also mean that the speaker would like to offer someone help by asking if that 

person is capable of opening the window.  

Among all types of ambiguity, pragmatic ambiguity is unique in three ways. First, 

pragmatic ambiguity arises not only from the properties of words, but also from the 

broader context of utterance exchanges. Its resolution involves the listener’s 

consideration of the speaker’s intention and beliefs, which adds complexity beyond 

what is typically seen with lexical and syntactic ambiguities.  Second, unlike other 

ambiguities that often require a precise resolution for comprehension (e.g., 

determining the meaning of the word “bank” to resolve lexical ambiguity), pragmatic 

ambiguity does not always necessitate such precision. For example, when a speaker 

says, “It’s getting late”, it could be interpreted as a suggestion to leave rather than 

merely an observation about the time. This kind of ambiguity often remains unresolved 

to a unique and agreed-upon meaning, as speakers can be deliberately vague and 

listeners are sensitive to this vagueness. Third, the words involved in pragmatic 

ambiguity do not always have explicitly distinct meanings, making this type of 

ambiguity more susceptible to social contexts. In these fronts, pragmatic ambiguity is 

dynamic and context-sensitive, which makes it a critical area of focus for 

understanding language comprehension.  

Conversational implicature is an important cause of pragmatic ambiguity in 

utterances – whenever there arises conversational implicature, the utterances are said 

to be pragmatically ambiguous (Francesch & Payrató, 2024). In the rest of this section, 

I explain in detail the concept of conversational implicature and the causes of 

pragmatic ambiguity due to the occurrences of conversational implicatures, as well as 

a specific case of this kind of pragmatic ambiguity. 

 

3.3.2 Conversational implicature and its causes 

 Conversational implicatures (CIs) are part of the content implied by the 
speaker in making an utterance, additional to the literal meaning of a given utterance 
(Blome-Tillmann, 2013; Francesch & Payrató, 2024). Under this definition, CIs are 
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regarded as independent of the conventional meaning of the utterances but 
determined largely by the context of the uttered speech (Blome-Tillmann, 2013). 

 According to Grice (1975) and Levinson (2000), CIs are related to the Maxims 

of Conversation, which form a prerequisite for communication assuming that speakers 

follow a cooperation principle in conversing. If following the maxims of conversation, 

speakers are expected to adjust the amount of information provided according to 

conversational needs (Maxim of Quantity), to provide accurate information and truths 

in conversations (Maxim of Quality) and to utter information that is relevant and related 

to the conversation topic (Maxim of Relevance).  

In turn-taking, speakers following or flouting these maxims of conversation 

cause listeners to draw various kinds of conversational implicatures, leading to 

eventual pragmatic ambiguity. For example, if someone asks, “Do you know where the 

library is?” and the response is “It’s somewhere on campus”, the speaker may be 

flouting the Maxim of Quantity by providing insufficient information or the Maxim of 

Quality by being vague. This response can lead the listener to draw a conversational 

implicature that the speaker either does not know the exact location or is being 

deliberately unhelpful, thus creating pragmatic ambiguity.  

A special case of this kind of pragmatic ambiguity arises from the interpretation 

of Scalar Quantifiers, a term referring to words such as some, a few, many, etc. For 

the topic this thesis concerns, I draw special attention on the scalar quantifier, some, 

and briefly introduce in the following section how some can be ambiguous in 

utterances. I discuss listeners’ processing of some in section 3.4. 

 

3.3.3  A specific case: Scalar quantifier, some 

The scalar quantifier some can be ambiguous between two elicited meanings, 

a literal interpretation (2b) and a pragmatically strengthened meaning (2c). See the 

sentences in (2) for an example: 

 

(2) a. Some students got ‘A’s. 

b. Some, and possibly all students, got ‘A’s. 

c. Some, but not all students, got ‘A’s. 
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 Sentence (2)a can yield a literal interpretation of (2)b due to the lower-bound 

meaning of some being “at least one”. The pragmatic interpretation (2)c of some to be 

“not all” is called Scalar Implicature, and it is regarded to be a pragmatic reasoning of 

listeners considering Gricean maxim of quantity (Grice, 1975): If the speaker is 

cooperative and knows that all students got ‘A’s, then they are expected to utter all 

instead. But the fact that the speaker uses some indicates that they are not in the 

position to utter all, a stronger scalar quantifier. This reasoning process results in the 

scalar implicature “some but not all”. 

 Ambiguity between these two interpretations of some has led to exploration of 

extensive research topics, such as how listeners resolve this ambiguity and reach a 

final interpretation of this ambiguous word, as well as the time-course of this reasoning 

process of listeners’ comprehension. With the concepts introduced in the preceding 

sections, I focus on discussing how listeners resolve pragmatic ambiguity in language 

processing in the following section.  

 

3.3.4 Summary: causes of ambiguity in utterances 

 Spontaneous speech is ambiguous in nature and an utterance can contain 

ambiguity in all linguistic levels, specifically lexical, syntactic and pragmatic levels. 

With a focus in pragmatic level of ambiguity in this thesis, evidence from previous 

studies has shown that one important cause of pragmatic ambiguity in daily speech is 

conversational implicatures. These implicatures’ occurrences are due to listeners’ 

pragmatic reasoning about the speaker’s statements or states considering Gricean 

maxims of conversations (such as the Maxims of Quantity, Quality, Relevance etc.), 

and their eventual interpretations are largely dependent upon contexts. I introduce the 

Scalar quantifier some as a specific case of this kind of pragmatic ambiguity. The 

meaning of some can be literal or pragmatically strengthened depending on given 

contextual information. In the next section, I discuss how listeners resolve ambiguity 

in comprehension with a special focus on the processing of the scalar quantifier some. 
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3.4 How do listeners resolve pragmatic ambiguity in 
speech?  

Pragmatic ambiguity, compared to all the other types of ambiguities, is special 

as it is predicated on knowledge more than linguistic factors (i.e., lexical frequency or 

syntactic structure 6 ). Contexts are therefore an important factor for listeners to 

disambiguate utterances. For example, Swaab and colleagues (Swaab, Brown, & 

Hagoort, 2003) used the N400, an ERP component linked to language processing, to 

measure how contexts affect listeners’ selection of the appropriate meaning of 

ambiguous words (e.g., bank) in Dutch sentences. In a concordant context, the context 

biases the meaning of the ambiguous word to be related to the target word. For 

instance, the sentence “My friend meets with her lawyer”7 which biases the legal 

interpretation of the ambiguous target word “judge”, serves as a concordant context. 

In contrast, a sentence like “My mother eats her eggnog” where the contexts does not 

relate to any plausible meaning of “judge”, provides a discordant context. Their results 

showed that the N400 amplitude was reduced in concordant contexts, indicating 

facilitated processing. Conversely, the N400 increased in discordant contexts, 

reflecting increased processing difficulty. The N400 amplitude was largest when the 

context ended with an unambiguous noun unrelated to the target word, indicating the 

highest processing difficulty. Their findings suggest that, upon hearing an ambiguous 

utterance, despite initial activation of both dominant and subordinate meanings, the 

context gradually guides listeners to select the appropriate meaning of an ambiguous 

word.  

Visual context was also found to facilitate listeners’ comprehension of 

ambiguous utterances (Spivey, Tanenhaus, Eberhard, & Sedivy, 2002). When hearing 

instruction like “Put the apple on the towel in the box”, listeners were given visual 

contexts either supporting the normally preferred interpretation “the apple should be 

put on the towel” or the less-preferred interpretation of “the apple that is already on 

the towel should be put in the box”. Using eye-tracking equipment, Spivey et al. (2002) 

 
6 Factors such as lexical and syntactic frequencies were found to be related to resolution of lexical 
and syntactic ambiguities (such as MacDonald, 1993; MacDonald, Pearlmutter, & Seidenberg, 1994; 
Novick, Kim, & Trueswell, 2003; Spivey & Tanenhaus, 1998; Trueswell, 1996). These factors are not 
related to the main research question of this thesis, and therefore are not explained in detail.  
7 The example sentences provided here are literal English translations of the original Dutch materials 
used in Swaab et al. (2003). 
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observed specific eye-movement patterns which suggest a tendency to initiate an 

interpretation consistent with the context. 

Contextual information affects listeners’ processing in real time to facilitate their 

disambiguation process of comprehension, but so far, few studies have explored the 

role of social contexts on influencing listeners’ comprehension of ambiguous 

utterances and the time-course of listeners’ integration of this contextual information. 

In the following sections, I review the evidence of previous studies on social contexts’ 

effects on listeners’ comprehension, taking utterances including the scalar quantifier 

some as the specific example of ambiguous utterances. I discuss how listeners 

comprehend the scalar quantifier some. I then discuss the role of contexts, especially 

social contexts in listeners’ processing of some. Finally, the connection between 

contextual cues triggered by disfluency (Chapter 2) and how they are utilised by 

listeners to interpret some in spontaneous utterances are discussed. 

 

3.4.1 Interpreting scalar quantifier some 

As shown in sentence (2), the ambiguity caused by the scalar quantifier some 

involves an interaction process between its semantic and pragmatic meanings. 

Specifically, the pragmatically strengthened interpretation “some but not all” is called 

scalar implicature. Scalar implicature occurs when a speaker uses a weaker term (e.g., 

uses the term [some]) from a scale of elements ordered by their semantic strength 

(e.g., from the scale [all, most, many, some, few]; see Horn, 1972), listeners make 

inferences that the stronger term does not apply (e.g., “not all”). Listeners’ 

comprehension of the scalar quantifier some is therefore dependent largely on their 

choices between these two interpretations, resulting in a literal interpretation or 

deriving a scalar interpretation. 

Some accounts assume that listeners’ processing of these two meanings of 

some follows a serial computation model, such as literal-first account (Bott & Noveck, 

2004), pragmatic-default account (Chierchia, 2004, 2006; Levinson, 2000), and two-

step account (Tomlinson Jr., Bailey, & Bott, 2013). These accounts predict either (i) 

that the literal meaning of some is derived first and listeners enrich this meaning to 

infer the implicature when assuming the speaker is informative and cooperative, or (ii) 

that the pragmatic implicature of some is stored in the lexicon and derived 

automatically.  
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Other accounts propose that listeners’ comprehension of some aligns with the 

constraint-based model, where listeners consider multiple cues to determine whether 

a scalar implicature is likely (Breheny, Katsos, & Williams, 2006; Degen & Tanenhaus, 

2014). These accounts suggest that listeners’ processing is influenced by cues from 

various available contexts, including linguistic, discourse and global contexts relevant 

to the comprehension goal.  

These models fundamentally differ in their predictions about the time course of 

processing some (see Chemla and Singh, 2014a, b for reviews), as well as how and 

when context plays a role in processing. The following subsections discuss these two 

perspectives in detail, focusing on the time course of interpreting some and the 

influence of contexts. In this thesis, the focus is on the ways in which various types of 

contexts play a role in listeners’ real-time processing of some, highlighting the 

implications for the models mentioned above.  

 

3.4.1.1 Time-course of interpreting some 

Previous studies observed differences in the time course of listeners’ deriving 

the pragmatic implicature interpretation of some which led to various accounts of the 

processing of some. Individuals’ intuitive ease of interpreting some to imply “not all” 

has prompted accounts proposing that the pragmatic implicature interpretation is 

linked to lexicons and is therefore computed automatically via a specific grammatical 

system (Chierchia, 2004, 2006; Levinson, 2000).  

However, listeners’ access to the scalar implicature interpretation of some was 

found in some studies to be slow and cognitively demanding. Specifically, a processing 

difficulty for the pragmatic meaning of some has been observed in self-paced reading 

and sentence verification tasks: participants were found to take longer to respond (Bott 

& Noveck, 2004; Noveck & Posada, 2003) or read sentences (Bergen & Grodner, 2012; 

Breheny et al., 2006) with the scalar interpreted as “some but not all” compared to its 

literal counterpart, and their accuracy decreased in sentence verification tasks 

requiring quick responses (Bott, Bailey, & Grodner, 2012).  In the sentence verification 

tasks of Bott and Noveck (2004) and Noveck and Posada (2003), researchers found 

that when given ambiguous sentences like “Some elephants are mammals”, 

participants took longer to evaluate the sentence when they were instructed to use the 

pragmatic interpretation (“Some but not all elephants are mammals”) compared to 



 33 

when instructed to use the literal interpretation (“Some and possibly all elephants are 

mammals”). Moreover, in the unrestricted condition when participants were not given 

any instructions of interpreting some, those who intuitively chose the pragmatic 

interpretation took longer than those choosing the literal interpretation. These results 

argue against pragmatic-default accounts, and in favour of accounts which suggest 

that deriving the literal meaning is faster and deriving the scalar implicature 

interpretation is effortful with deeper processing.  

Consistent with the findings from these tasks, in an online eye-tracking study, 

Huang and Snedeker (2009) observed a delayed fixation towards the referent when 

participants need to compute a scalar implicature. In their visual world paradigm, 

participants were asked to follow audio instructions like “Point to the girl that has 

some/two/all/three of the ice cream sandwiches”. Initially, equal fixations were found 

on both the literal referent (the girl who has all of the ice cream sandwiches) and the 

pragmatic referent (the girl who has a subset of the ice cream sandwiches). Fixations 

towards the pragmatic referent (the girl with a subset) only exceeded the chance level 

from 1100 milliseconds after the onset of some.  

Results from these studies correspond to a delay in processing time for the 

pragmatic meaning of some, indicating an effortful pragmatic strengthen on the basis 

of the initial literal interpretation of some. Critically, the observed delay in accessing 

the scalar implicature supports an account that pragmatic enrichment is a secondary 

process rather than an immediate, automatic response. These findings therefore 

suggest an account aligning with modular, sequential models of processing, such as 

literal-first or two-step account.  

 However, different results from similar experimental paradigms have 

challenged this position – Grodner and colleagues (Grodner, Klein, Carbary, & 

Tanenhaus, 2010) used a similar visual world paradigm to Huang and Snedeker (2009), 

but they failed to find delayed fixations towards the pragmatic implicature meaning. 

Instead, the pragmatic interpretation seemed to emerge from the earliest moment of 

comprehension.  

One reason they proposed for this different result was regarding the 

appropriateness of the given contexts. In Huang and Snedeker’s experimental setting, 

the existence of filler sentence with exact number, such as “Point to the girl with two 

of …”, could have made the instruction sentence with the critical word some sound 

less natural when the target image also includes two objects. The delayed fixation time 
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observed was possibly not due to processing scalar implicature itself, but rather 

because of having difficulty in integrating the available contextual information into 

processing. In this case where the target image included two objects, the difficulty 

might arise when listeners consider the alternatives the instruction could have used, 

and they would take this information with context to infer why some rather than the 

exact number two was used (discussed also in Degen & Tanenhaus, 2014). When 

Grodner et al. removed trials with exact numbers, they found that listeners were 

equally fast in interpreting some in its pragmatic meaning and literal meaning, both 

focusing the target image 200-300ms after the onset of some, at an early stage of 

comprehension.  

Grodner et al.’s findings highlight the critical role of context in processing the 

scalar quantifier some. Their results demonstrate that listeners are able to quickly infer 

the pragmatic meaning of some when provided with a clear context without competing 

alternatives. These findings align with a constraint-based model, suggesting that 

pragmatic constraints can influence comprehension from the earliest moments. This 

conclusion is also supported by other studies indicating that listeners can quickly draw 

pragmatic inferences either about the speaker or their utterances in the early stages 

of comprehension (e.g., Grodner & Sedivy, 2011; Hagoort, Hald, Bastiaansen, & 

Petersson, 2004; Kurumada, Brown, Bibyk, Pontillo, & Tanenhaus, 2014; Van Berkum, 

2009; Van Berkum, Van den Brink, Tesink, Kos, & Hagoort, 2008).  

In the section below, I further review the evidence from studies discussing how 

contexts exert influence on listeners’ processing of the scalar quantifier some. 

 

3.4.1.2 Contexts and the comprehension of some 

 As shown in the results of Grodner et al. (2010), the contextual sensitivity in the 

processing of scalar quantifier some has also been forefronted by many other 

researchers. One type of the contexts relevant to this comprehension process is the 

discourse context (e.g., Politzer-Ahles & Fiorentino, 2013; Politzer-Ahles & Husband, 

2018; Breheny et al., 2006). Consider the following two dialogues: 

 

(3) a. – How many students have passed the exam?  

     – Some of the students passed.  

 And the rest are going to retake the course. 



 35 

b. – Have all the students passed the exam?  

     – Some of the students passed.  

        And the rest are going to retake the course. 

 

In (3)a, the word some is ambiguous as the person answering is assumed to either 

know the fact and uses some to express the meaning that “some but not all students 

passed the exam”, or be unsure about the fact and uses the word to presume “some 

and possibly all students passed the exam”. Compared to (3)a, question in (3)b 

evidently focuses on whether all is true, which provides a more convenient discourse 

context for comprehenders to interpret the use of some pragmatically, as a negation 

of all. Subsequently, with the “not all” interpretation of some, comprehenders are 

expected to be more aware of the remaining subset of the students and process “the 

rest” part more quickly in (3)b than (3)a condition. Using self-paced reading, several 

studies have verified this assumption, with the result of a faster reading times over the 

phrase “the rest” in (3)b (Breheny et al., 2006; Katsos, 2007; Panizza, Chierchia, & 

Clifton, 2009). Moreover, on the basis of manipulating the discourse context of whether 

all was made salient in the preceding turn, Politzer-Ahles and Husband (2018) added 

an only some control condition (i.e., only some of the students passed the exams) in 

which the interpretation of some is not dependent on context. They replicated the 

faster reading time for the rest in a context supportive of a pragmatic implicature 

interpretation (as (5)b), but also observed that this pattern attenuated significantly in 

only some condition which is a semantically fixed condition. These findings suggest 

that the context influences the comprehension of some depending on whether the 

discourse context supports a literal or a pragmatic interpretation. 

 Using a similar paradigm, previous studies have also indicated that how quickly 

some is processed depends on the comprehenders’ knowledge of the broader context 

of the discourse or the speaker’s states (Bergen & Grodner, 2012; Breheny, Ferguson, 

& Katsos, 2013). By comparing participants’ reading times at each part of the given 

sentences (e.g., Some of/the real estate/investments lost; The rest/were 

successful/despite the/recent economic downturn), Bergen and Grodner found that in 

the cases where the speaker was thought to know whether the stronger all statement 

is true, participants read the sentences with some slower, but processing the rest faster, 

compared to in the cases where they thought the speaker merely might know the 

stronger statement is true. This result replicated the processing difficulty of the 
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pragmatic meaning of some and the point that the realisation of implicature 

interpretation facilitates the processing of the rest. Critically, this study highlighted the 

role of context influencing the processing speed of some, mediated by incrementally 

taking the discourse or the speaker’s state knowledge into consideration.  

 Beyond linguistic contexts, many literatures have also indicated the 

interpersonal properties of some, such as serving a politeness function (Bonnefon, 

Feeney, & Villejoubert, 2009; Bonnefon, Neys, & Feeney, 2011; Holtgraves & Kraus, 

2018). In an off-line task, Bonnefon et al. (2009) asked participants to read an 

utterance with a given scenario and provide a judgement of how possible the some in 

that utterance guarantees a literal interpretation (“some and possibly all…”). They 

found that when the given scenario is face-threatening (e.g., Some people hated your 

poem), participants showed more tendency to endorse the possibility of a literal 

interpretation (“Some and possibly all people hated your poem”), while in a face-

boosting scenario (e.g., Some people loved your poem), participants favoured more 

of a pragmatic interpretation (“Not all people loved your poem”). When analysing 

participants’ response times for interpreting some in various scenarios, Bonnefon et 

al. (2011) found that in the face-threat scenarios, those who endorsed a literal 

interpretation took significantly longer to respond than those who did not. This result 

suggests that face-threat contexts promote the literal interpretation of some, but make 

it effortful and time-consuming to achieve. Previous studies (e.g., Breheny et al., 2006) 

suggested that contexts frequently leading to a literal interpretation of some also made 

this interpretation easier for people to process. However, Bonnefon et al. (2011) 

demonstrated an opposite effect in contexts with a politeness goal involved, indicating 

that comprehenders may face extra processing demands beyond the usual process 

of interpreting some in this given context.  

 Holtgraves and Kraus (2018) further tested the effect of face-threat using a self-

paced reading task with a measure of participants’ neural responses (ERP). 

Participants were provided with natural conversational scenarios with different levels 

of face-threat, followed by a target utterance with the scalar quantifier some and a 

continuation utterance aligning either with a literal interpretation or a pragmatic 

interpretation. A higher P3008 was observed when the continuation utterance used the 

 
8 P300 is an ERP component that is often associated with attention and the processing of unexpected 
or particularly significant stimuli. 
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literal meaning, and this difference of P300 between a literal or pragmatic 

interpretation continuation utterance was more pronounced in scenarios with higher 

levels of face-threat. This result suggested that in such conversational contexts 

concerning maintaining face, participants initially anticipated a pragmatic interpretation 

and therefore were surprised when seeing a continuation sentence with the literal 

meaning. These studies altogether suggested that some can be taken by listeners as 

a politeness device to mitigate a potential face-threatening scenario, emphasising that 

the processing of some is influenced by the social contexts of conversations. 

 Besides the global contexts in which the scalar quantifier some occurs, the 

speaker’s manner of speech has shown to be a local factor influencing listeners’ 

processing of some. I discuss this claim in the following section to pinpoint the role of 

disfluencies (discussed in Chapter 2) in affecting the interpretation of scalar quantifier 

some in utterances. 

 

3.4.2 Disfluency and some 

 As discussed in Chapter 2, the speaker’s manner of speech (in this thesis 

specifically, whether the speaker’s utterances contain a disfluent filler uh or not) is 

shown to play a communicative role, in that listeners are able to take it the speaker’s 

disfluency as a pragmatic cue of deception or a cue to heighten attention. Instead of 

hindering the comprehension and adding ambiguity to the utterances, the pragmatic 

function of disfluency has been suggested to facilitate comprehending ambiguous 

utterances via a social reasoning process (as mentioned in Chapter 2). Moreover, 

disfluency has been found to influence listeners’ process of making pragmatic 

inferences and listeners integrate the paralinguistic cues from disfluency from early 

stages of comprehension which shape their ultimate utterance interpretation (as 

discussed in Chapter 2).  

With these pragmatic features of disfluency and the fact that interpretations of 

some depend on the social contexts (detailed in previous sections), there are reasons 

to believe that the speaker’s manner of speech can influence listeners’ interpretation 

of the specific case of ambiguous scalar quantifier some. Few empirical studies have 

tested this effect of disfluency in listeners’ processing of some (Bonnefon, Dahl, & 

Holtgraves, 2015; Loy et al., 2019). On the basis of previous studies suggesting that 

the comprehension of some is dependent on the speaker’s politeness goals involved 
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in maintaining-face contexts, Bonnefon et al. (2015) further tested the effect of 

disfluency (specifically silent pauses) in such contexts. They provided written 

scenarios in which the description of whether the speaker had a silent pause before 

uttering a face-threatening statement was manipulated (such as sentence (4)). 

 

(4) You asked what Bob thought about your idea. 

Bob <stays silent for a few seconds. Then he> replies: 

“Some people hated your idea.” (face-threatening statement) 

                               Or “Some people loved your idea” (face-boosting statement) 

 

Participants were asked to rate how possible the statement reaches a literal 

interpretation of some. Bonnefon et al. found that regardless of whether it was in a 

face-threatening or a face-boosting condition, when the speaker was described as 

remaining silent before replying, participants favoured the unpleasant interpretation 

specific to that context – a literal interpretation in face-threatening situation (“Possibly 

all people hated your idea”) and a pragmatic interpretation in face-boosting situation 

(“Not all people loved your idea”). While Bonnefon et al. (2011) showed that 

interpreting some is effortful as people took long time to decide whether to interpret 

some literally or pragmatically in face-threatening contexts, results from Bonnefon et 

al. (2015) suggested that disfluency facilitated the comprehension of some by 

functioning as a social cue. Bonnefon et al. (2015) interpreted this result that disfluency 

signalled to comprehenders that the upcoming statement was unpleasant, thereby 

prompting an unpleasant interpretation of the statement. Another way to interpret this 

result is that comprehenders might reason about the speaker’s disfluency, considering 

whether the speaker is taking longer (i.e., staying silent) to formulate a polite yet 

truthful response. However, the use of written utterances in the study by Bonnefon et 

al. (2015) limits the exploration of this potential reasoning process cued by disfluency, 

as reasoning about written scenarios might not be equivalent reasoning about spoken 

utterances.   

  While Bonnefon et al. (2015) found an off-line effect of disfluency on the 

eventual interpretation of the scalar quantifier some, Loy et al. (2019), using eye- and 

mouse-tracking methods, tested how disfluency affects the online processing of 

utterances with some. Loy et al. created a social context similar to that of Bonnefon et 

al. (2015) which is related to face-loss concerns, in which the literal meaning of some 
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(“some and possibly all…”) is the interpretation threatening the good image of the 

speaker. They provided a cover story to achieve this, describing a set-up experiment 

exploring the relationship between individuals’ snack habits and greediness. The cover 

story described a scenario where a group of people were allowed to eat various snacks 

while watching a documentary and they could take any wanted number of snacks. 

However, the real purpose of investigating greed was revealed only after the 

documentary finished and then each individual was asked to report how many snacks 

they had eaten.  

Participants in Loy et al’s studies were told that they would hear recordings of 

these individuals’ answers. A social context related to face-maintaining was set up in 

this way, as speakers who had taken all snacks could purposely use the ambiguity of 

some to avoid being judged to be greedy and disfluency could be a by-product of this 

effortful calculation process. Simply put, Loy et al. expected a disfluent answer, such 

as “I ate, uh, some oreos” to suggest to the listener that this speaker ate all of oreos 

but was unwilling to admit it. In the experiment, recorded sentences with manipulation 

of speakers’ manner of speech (disfluent/fluent) were played while participants were 

presented a visual display of two plates containing the remaining quantity of snack 

items – one was an empty plate, corresponding to a literal interpretation (“I ate all of 

the [snack]”); while the other plate with a number of remaining snacks corresponded 

to a pragmatic meaning (“I ate some but not all of the [snack]”). In each trial, 

participants’ eye and mouse movements were recorded while choosing to click one of 

the plates. 

 Loy et al. (2019) found that participants favoured a pragmatic interpretation of 

some (“I ate some but not all oreos”) hearing fluent utterances, but disfluent utterances 

led participants to favour a literal interpretation instead (“I ate some and possibly all 

oreos”). Moreover, this difference between conditions emerged in the eye- and mouse-

tracking data as soon as the offset of some, once again showing listeners’ early 

integration of pragmatic inferences in comprehension (as in King et al., 2017; Loy et 

al., 2017). Results from this study are indicative on two fronts: listeners’ processing of 

some is context-dependent, in that disfluency led listeners to favour an unpleasant 

interpretation in this potential face-loss context; and listeners make rapid use of 

disfluencies to make inferences of some in real-time comprehension. 

 With the use of spoken utterances, the findings of Loy et al. (2019) build upon 

those of Bonnefon et al. (2015), providing further evidence of disfluency’s role as a 
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social cue and its rapid effect on the real-time comprehension of ambiguous some. 

However, by focusing solely on face-threatening scenarios, Loy et al. leave several 

questions unanswered. For example, considering the accounts of listeners’ processing 

of disfluency discussed in Chapter 2, is disfluency merely a heuristic cue indicating 

unpleasant messages, or does it serve as a social cue prompting listeners to reason 

about the speaker’s communication goals when encountering disfluent utterances with 

some? If disfluency is related to a reasoning process, how is it manifested in listeners’ 

interpretation of some? Are listeners processing disfluency as a cue that heightens 

their attention to the basic meaning of some, or as a cue that leads them to question 

the speaker’s truthfulness?  

The empirical work in this thesis detailed in Chapters 5-6, focuses on exploring 

further on these questions.  

  

3.5 Conclusion: Disfluency in influencing the 
interpretation of some 
 The scalar quantifier some is ambiguous between a literal interpretation (“some 

and possibly all”) and a pragmatic strengthened interpretation (“some but not all”). 

Previous studies exploring the processing of some indicated that the disambiguation 

of this word depends on context. Results from both off-line and real-time tasks have 

shown that discourse contexts (i.e., whether some occurs in a context supporting 

pragmatically strengthened meaning), as well as contexts of the speaker’s knowledge 

states influence people’s speed and outcome of interpretation. Moreover, social 

contexts, such as a context involving the speaker’s politeness goal, have also shown 

influence on listeners’ real-time interpretations of some. Listeners have been found to 

make rapid use of pragmatic inferences drawn from the social context and reach a 

final interpretation via reasoning processes. One social cue listeners use is the 

speaker’s manner of speech, specifically, whether the speaker utters a filler with some 

(uh, some…). Similar to discussion of disfluency’s role in language comprehension in 

Chapter 2, evidence has shown that disfluencies function as pragmatic cues 

influencing listeners’ real-time processing of some. However, previous studies leave 

open questions regarding specifically how listeners make use of disfluencies in real-

time processing, such as what reasoning process is cued by disfluencies. For example, 
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whether listeners regard disfluencies as a cue to heighten listeners’ attention to the 

following words or a cue of potential deception, and how these reasoning processes 

are manifested in their real-time comprehension.  

 This thesis focuses on exploring the pragmatic role disfluency plays in real-time 

processing, by combining an investigation of how disfluency interacts with social 

contexts to resolve ambiguous utterances, with a further exploration on the individual 

differences in pragmatic ability manifested in comprehending disfluent utterances. To 

address the limitations in contexts provided in previous studies, an attempt was made 

by varying social contexts in tasks. To keep the track of exploring the role of disfluency 

in real-time processing, methods of eye-tracking and mouse-tracking are applied. Both 

techniques are informative in terms of the behavioural process during language 

processing, which make them suitable to observe any process difference caused by 

disfluency and contexts. Before presenting the experimental work (Chapter 5-7), I 

describe the methodologies of eye-tracking and mouse-tracking, as well as their 

application in exploring questions about language comprehension. 
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Chapter 4 
Mouse-tracking and Language Comprehension 
 
 

4.1 Introduction 

 Mouse-tracking and eye-tracking are two methodologies applied in this thesis 

as they provide a window into real-time language processing. Eye-tracking is a 

commonly used technique for comprehension tasks in psycholinguistic studies, which 

has been discussed extensively (see Boland, 2004; Eberhard, Spivey-Knowlton, 

Sedivy, & Tanenhaus, 1995; Huettig & Altmann, 2005; Tanenhaus & Spivey-Knowlton, 

1996; Tanenhaus & Trueswell, 2006 for reviews). Eye-tracking was used in one study 

only in this thesis and its use is specified in Chapter 7. Mouse-tracking, however, as a 

method that also has the potential to be efficient in investigating the dynamics of 

people’s cognitive processes, has been less employed in psycholinguistic studies and 

needs more attention.  

Mouse-tracking is valuable for studying language processing as it can track 

competition between interpretations in real time. Previous studies that have tested for 

competition between interpretations at different levels, such as the phonological level 

(Spivey, Grosjean, & Knoblich, 2005) and the semantic/pragmatic level (Tomlinson Jr., 

Bailey, & Bott, 2013). 

In this chapter, I focus on the use of mouse-tracking in psycholinguistic studies. 

I explain why mouse-tracking is an appropriate method to explore the research 

questions raised in this thesis. I introduce a typical two-item mouse-tracking paradigm 

and review the use of this paradigm in the previous literature. I summarise three 

common ways of analysing mouse-tracking data regarding their advantages and 

disadvantages. I then introduce a four-item mouse-tracking paradigm specifically 

designed for the studies in this thesis. I further explain the specific analysis method 
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used for the current mouse-tracking studies and describe a standardised way of 

reporting mouse-tracking results, which I will employ in Chapters 5-6.  

 

4.2 Mouse movements in revealing real-time language 
comprehension 

 In recent years, mouse-tracking has become a popular method in 

psycholinguistics for providing insights into the dynamic cognitive processes, such as 

decision making (e.g., McKinstry, Dale, & Spivey, 2008) or language processing (e.g., 

Farmer, Cargill, Hindy, Dale, & Spivey, 2007; Spivey et al., 2005; Tomlinson Jr. et al., 

2013). This method is able to capture the dynamics of mouse movements as 

participants interact with visual and audio stimuli, revealing the temporal unfolding of 

mental processes (Freeman & Ambady, 2010; Spivey et al., 2005). Despite their 

promise, mouse-tracking methods have not been as extensively utilised in language 

comprehension studies as eye-tracking.  

 Mouse-tracking was chosen as the main method in this thesis for the following 

three reasons. The first reason is its effectiveness of unveiling the language 

processing in real time. The second is the convenience of implementing mouse-

tracking paradigms and conducting experiments (either web-based or in-lab). The third 

lies in the fact that most experiments were designed during the pandemic. Web-based 

mouse-tracking tasks, therefore, served as an appropriate alternative method to in-

person eye-tracking, ensuring the continuation of research during that time. 

A critical benefit of the mouse-tracking method in exploring real-time language 

comprehension is that it records a continuous hand movement response (therefore, 

smooth mouse trajectories) during the process of comprehension tasks. Eye-tracking 

has also been regarded as a useful method for studying incremental processing during 

language comprehension. However, eye movements involve ballistic movements. 

Saccades are rapid and typically fixed in their trajectory and inalterable once initiated. 

In contrast to saccades, mouse movements9 are not ballistic and can be adjusted 

while they are in progress (Farmer et al., 2007; Goodale, Pelisson, & Prablanc, 1986; 

 
9 I am aware that there might exist device differences for participants taking part in mouse-tracking studies (mouse or 
touchpad). However, It is not the focus of this thesis to differentiate these mouse device differences on task 
performances. Therefore, in this thesis, I generally term participants’ motions recorded in mouse-tracking tasks as 
“mouse movements” for the convenience of description. 
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Spivey et al., 2005). Therefore, by tracking continuous mouse movements, the path of 

the mouse is able to reveal the influence of competing stimuli whereby a 

comprehender’s mouse trajectory is pulled or diverted from a competing image 

stimulus, besides recording the object that is eventually reached. 

Nevertheless, one point noted in Spivey et al. (2005) is that it would be incorrect 

to regard the continuous mouse-tracking data as strictly better than ballistic eye-

tracking data. These two methods are complementary in that mouse movements are 

better at showing how different perceptions of speech compete between conditions 

over time, eye movements are better at showing when the perceptions start to activate 

as saccades are highly sensitive to the timing of early partially formed representations 

(Spivey et al., 2005). Therefore, the most advantageous way should be using these 

two methods simultaneously (e.g., Loy, Rohde, & Corley, 2017). A combined use of 

eye-tracking and mouse-tracking methods had been the original plan for the studies 

in this thesis, but as explained previously, due to the pandemic, these two methods 

were used independently in this thesis, with four mouse-tracking experiments and one 

eye-tracking experiment.  

Below I describe what a basic mouse-tracking paradigm is like and summarise 

several previous studies that have motivated this paradigm for studying listeners’ 

language comprehension. I then briefly outline three commonly used methods for 

analysing eye-/mouse-tracking data. 

 

4.2.1 Basic mouse-tracking paradigm 

 A typical mouse-tracking experiment involves a repeated task where 

participants view a visual scene consisting of two images and make a decision about 

which image to click on. In these tasks, a participant listens to audio stimuli and moves 

the mouse cursor from a starting point at the bottom centre of the computer screen, 

with two visual stimuli as options positioned in the top left and top right of the screen 

(as shown in Figure 4.1). The experimental software records the participants’ final 

decision of which image to click, as well as the streaming x- and y-coordinates of the 

mouse cursor. Visual stimuli acting as response options vary depending on tasks and 

reflect the research questions of a given study. 
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Figure 4.1 An example visual display of a basic two-item mouse-tracking 

paradigm 

 

 Spivey et al. (2005) initially applied this mouse-tracking paradigm in language 

processing research, specifically to explore how phonological competitors influence 

listeners’ real-time processing of spoken words. In this experiment, participants saw a 

pair of visual stimuli (a target and a distractor image) appearing in the top-left and top-

right corners while listening to a pre-recorded audio instruction (e.g., “Click on the 

candle”). Different types of paired visual stimuli are presented in two conditions (cohort 

and control condition). For example, participants saw images of a candle and a candy 

in the cohort condition, where two images correspond to two words sharing 

phonological overlap, but a candle and a jacket in a control condition. Spivey et al. 

found that listeners showed a curvature toward the distractor (e.g., candy) before 

eventually clicking on the target image (e.g., candle). However, they failed to observe 

this curvature in the control condition where the distractor was not representing a word 

whose initial phonemes overlapped with the target word.  

Using a mouse-tracking paradigm, Spivey et al.’s findings support a processing 

account in which listeners integrate acoustic-phonetic input gradually over time during 

spoken-word recognition. Their findings correspond to results shown in eye-tracking 

studies (e.g., Magnuson, Tanenhaus, Aslin,& Dahan, 2003; Spivey & Marian, 1999). 
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More importantly for our purposes, their study motivated the use of mouse-tracking for 

exploring real-time language processing. 

 When investigating listeners’ real-time processing of the scalar quantifier some, 

Tomlinson Jr., Bailey and Bott (2013) used a simillar mouse-tracking paradigm with a 

sentence verification task, as shown in Figure 4.2.  

 

 
Figure 4.2 A visual display example of the mouse-tracking paradigm used in 

Tomlinson Jr., Bailey and Bott (2013). 

 

They specifically tested whether the scalar implicature interpretation of some (“some 

but not all”) is generated automatically in one step or requires a derivation in two steps 

where a basic meaning is accessed first and then enriched. Participants were asked 

to listen to sentences like “Some elephants are mammals” and to verify whether the 

sentences were True or False. A response to click on True means a participant 

interprets some literally as “some and possibly all”, while clicking on False corresponds 

to the scalar implicature interpretation “some but not all”. Mouse-tracking data 

revealed that when interpreting sentences like “Some elephants are mammals”, 

participants’ mouse showed initial movements towards the True response (literal 

interpretation) but changed direction mid-flight to select the False response (scalar 

implicature). This pattern of mouse movements captures a competition between 

interpretations in real time. Results from Tomlinson Jr. et al. (2013) add crucial 

evidence for a stepwise derivation of scalar implicature, which corresponds to findings 

in previous studies using an eye-tracking paradigm (e.g., Huang & Snedeker, 2009). 
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 Also to examine the real-time comprehension of the scalar quantifier some, Loy, 

Rohde and Corley (2019)10 combined a visual world paradigm with mouse-tracking, 

as suggested in Spivey et al. (2005). Loy et al. (2019) tested whether a speaker’s 

manner of delivery (i.e., whether a speaker is disfluent or not) influences listeners’ 

interpretations of some in a given social context. They asked participants to view a 

visual display as in Figure 4.3 while listening to recorded utterances like “I ate [uh] 

some crackers”. 

 
Figure 4.3 A visual display example of the mouse-tracking paradigm used in Loy, 

Rohde, and Corley (2019). 

 

Loy et al. provided participants with a social context exploiting the concept of face 

(Goffman, 1967), where speakers in the recorded audios described the number of 

snacks they had eaten. The more snacks a speaker had eaten (therefore the fewer 

snacks left in the plate), the greedier the speaker might seem to be. With this given 

social context, together with the manipulation of speaker’s disfluency, participants 

were expected to click on one of the given two plates to indicate how many snacks 

they believed the speaker had eaten. In the critical trials, the left plate always 

represents a pragmatic interpretation (corresponding to meaning “some but not all”) 

and the right plate is an empty plate (corresponding to literal meaning “some and 

possibly all”). The empty plate indicates that the speaker had eaten all of the snacks 

and was taken to represent the socially undesirable interpretation of some. 

The visual display in Loy et al. (2019) showed the starting mouse position, as 

well as two images along one horizontal axis, unlike the studies outlined above. 

 
10 This study is covered in detail in Chapter 5. 
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Despite this change of the visual display, both eye-tracking and mouse-tracking data 

revealed a pattern whereby, following disfluent utterances (“I ate, uh, some snacks”), 

participants were more likely to interpret some literally (“I ate some and possibly all 

snacks”) compared to following fluent utterances. Moreover, Loy et al. showed that 

differences between conditions emerged quickly after some onset with trajectory 

analysis. Loy et al. not only explores the online effect of disfluency on listeners’ 

processing of some, but also demonstrates the applicability of a combined use of eye-

tracking and mouse-tracking methods. 

Studies like Spivey et al. (2005) and Tomlinson Jr. et al. (2013) that have used 

the mouse-tracking paradigm replicated results from previous studies using eye-

tracking paradigms. Moreover, Loy et al. (2019) showed an example study of 

combining the visual world paradigm and mouse-tracking to test a proposed account 

of real-time processing (also see King, Loy, & Corley, 2017; Loy, Rohde, & Corley, 

2017). Together, these studies open up possibilities of using mouse-tracking 

indepedently to explore real-time language processing. Importantly, Loy et al. (2019) 

showed that similar conclusions could be drawn from eye- and mouse-tracking, further 

validating the use of mouse-tracking in this thesis.  

 

4.2.2 Analysing mouse-tracking data 

 There has been little standardisation for reporting and analysing mouse-

tracking data. However, as mouse-tracking and eye-tracking data share the feature of 

providing trajectory information, methods for analysing eye-tracking trajectories can 

also be applied to mouse-tracking data. In this section, I do not intend to exhaustively 

review every method of analysing eye-/mouse-tracking data11, but to introduce the 

most common analysis methods used in analysing trajectories of eye-/mouse-

movements. These methods include Area Under Trajectory Curve (AUC), Generalized 

Additive Modelling (GAMM) and Bootstrapped Differences of Timeseries (BDOTS). 

The overall goal of these methods is to measure processing difficulty. In the following 

subsections, I briefly introduce features of mouse-tracking data before describing 

analysis methods. I then introduce how each of the three mentioned analysis method 

 
11 Useful reviews of analysis methods of eye/mouse-tracking data can be found in, for example, Ito & 
Knoeferle (2022); Maldonado, Dunbar, & Chemla (2019); Schoemann, O’Hora, Dale, & Scherbaum 
(2020), etc.. 
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works and their advantages and disadvantages in analysing temporal data with 

examples from previous studies. I then conclude that BDOTS is the most appropriate 

method for the current mouse-tracking studies. 

 

Mouse-tracking data 

 Mouse-tracking data is a time-series of [x,y] coordinates that records the 

position of the mouse cursor over time as participants engage in a task. Each 

coordinate pair corresponds to the mouse’s position at a position at a specific time 

point, creating a continuous stream of data points that reflect the trajectory of the 

cursor. 

 When analysing mouse-tracking data, autocorrelation is a significant 

characteristic of mouse-tracking data that needs to be accounted for. Autocorrelation 

in mouse-tracking data refers to the phenomenon where the position of the mouse 

cursor at any given time point is correlated with its positions at preceding and 

subsequent time points. This correlation arises as mouse movements are generally 

smooth and continuous, meaning that the cursor’s location at time t is not independent 

of its location at time t-1, t-2, and so forth. This temporal dependency makes it 

important to address autocorrelation in analysing mouse-tracking data, to capture the 

nature of this kind of time-series data and to make valid conclusions about the 

underlying cognitive processes. When reviewing the common analysis methods in the 

following subsections, whether autocorrelation is accounted for is one important 

evaluating factor. 

 

Analysis Methods  

Area Under Curve (AUC) 

AUC represents the geometric area between the actual trajectory and a 

hypothetical straight path from the starting point to the ending point as shown in Figure 

4.4 (Freeman & Ambady, 2010). AUC is straightforward to calculate and interpret, as 

it provides a clear numerical value representing the degree of deviation of the actual 

trajectory to the ideal straight path. The further a trajectory is away from the idealised 

straight path, the larger AUC it has. Therefore, in a typical mouse-tracking paradigm, 

AUC is able to reveal how large the deviation towards a distractor image is even when 

the target image is eventually chosen. In this sense, AUC is suitable to describe this 
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deviation and generally represent how difficult the processing is (Freeman & Ambady, 

2010).  

 
Figure 4.4 A visual representation of Area Under Curve (AUC) in a basic two-item 

mouse-tracking paradigm, with the blue-shaded area representing the AUC of the 

shown mouse-trajectory. 

 

Tomlinson Jr. et al. (2013) used AUC to measure participants’ mouse 

movements towards response options (True/False) when verifying sentences like 

“Some elephants are mammals”. Participants who were biased towards a literal 

interpretation (clicking True at the end) showed smaller AUC values indicating more 

direct movements towards the True response. But participants who were biased 

towards a pragmatic scalar implicature interpretation (clicking False eventually) 

showed larger AUC values, indicating greater deviations towards the competitor 

response True before settling on False. Combining visualising mouse trajectory and 

AUC analysis, Tomlinson Jr. et al. presented evidence for a two-step account of scalar 

implicature derivation. 

 However, despite the advantages of mapping the deviation into numerical 

values, AUC fails to capture the temporal features of processing, specifically when the 

deviations occur during the real-time process. This limitation arises because AUC 

provides a single summary value for the entire trajectory, overlooking the nuances of 

when specific deviations occur. Also, the way AUC is calculated determines its 
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sensitivity to outliers. Due to this characteristic, AUC is considered better in indexing 

the overall attraction toward the unselected option (Freeman & Ambady, 2010). 

However, this sensitivity also means that a large deviation in any point of a trajectory 

can disproportionately affect AUC, which potentially masks real features of the online 

processing. 

 

Generalized Additive Modelling (GAMM) 

GAMM as an extension of Generalized Linear Models (GLMs), allows for 

modelling non-linear relationships. GAMM can model the complex non-linear time-

course eye-/mouse-tracking data and importantly it can capture when an effect of 

interest takes place (Wieling, 2018; Wood, 2011). GAMM uses thin plate regression 

splines to fit curves. A thin plate regression spline is a specific type of spline used in 

statistical modelling to fit smooth curves to data. Compared to polynomials, a critical 

advantage of using this type of spline is avoiding overfitting or underfitting problems. 

Unlike fixed-degree polynomials (linear, quadratic, cubic or etc.), thin plate regression 

splines adapt their complexity to the data rather than being restricted to a specific 

degree of flexibility. Moreover, GAMM reduces false positives by accounting for 

autocorrelation through an AR1 parameter, which adjusts the confidence levels based 

on the correlation between adjacent time points (Ito & Knoeferle, 2022).  

 King, Loy, Rohde and Corley (2020) used GAMMs to analyse the eye- and 

mouse-tracking data when investigating how listeners use nonverbal cues to judge 

deception during real-time communication. Their study aims to test if and when 

listeners incorporate a speaker’s nonverbal behaviours, such as trunk movements and 

adaptor gestures like fidgeting, into their on-line judgements of veracity. Participants’ 

eye- and mouse-movements were tracked when watching videos of speakers 

potentially lying about the location of hidden treasure and choosing between a target 

object and a distractor object. GAMM captures the dynamic nature and accounts for 

the temporally correlated nature of eye- and mouse-movements. It also helps identify 

when participants begin to respond to nonverbal cues in the time course of their 

processing. The GAMM analysis revealed non-linear differences in eye fixation 

patterns over time between conditions with and without nonverbal cues, showing a 

shift in fixation patterns when adaptor gestures are present. Participants’ mouse 

movements were also found to be biased toward a distractor object more often when 

non-verbal cues were present. With the use of GAMM, King et al. were able to 
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visualise and reveal listeners’ integration of a speaker’s nonverbal cues into real-time 

judgement of deception. 

 Despite its capabilities, GAMM has certain limitations. One limitation is that 

although GAMM estimates the onset and duration of effects, it does not provide 

information regarding whether the onset of the effect is significantly earlier or later in 

one condition than the other. The other is that when a dependent variable is binomial, 

GAMM cannot account for autocorrelation issues, and data transformation is required 

to solve this problem. Also, conducting GAMM analysis can be computationally 

intensive, especially with large datasets, and due to its complexity of implementation 

and interpretation, GAMM is more suitable for researchers with a high level of 

statistical expertise. 

 

Bootstrapped Differences of Timeseries (BDOTS) 

 BDOTS is a non-parametric statistical approach that can identify significant 

differences between conditions or groups in time-series data (See Oleson, Cavanaugh, 

McMurray, & Brown, 2017 and Seedorff, Oleson, & McMurray, 2018 for details). 

BDOTS does not assume a specific distribution of the data, making it robust for 

different data types. BDOTS involves repeatedly resampling the data (therefore 

bootstrapping) to create distributions of possible outcomes. For each resample, the 

difference between the time-series data in two conditions is calculated. By comparing 

the observed differences to the bootstrapped distribution, BDOTS can estimate 

whether the differences are statistically significant. 

Critically, BDOTS can detect significant differences at specific time points with 

both analysis results and visualisations, providing a detailed picture of when time-

series data in two conditions start to significantly differ from each other. This feature 

makes BDOTS an appropriate method when the research question concerns the onset 

of an effect and for how long an effect lasts. Moreover, as an analysis method suitable 

for highly correlated temporal data, BDOTS also include AR1 (as discussed in GAMM) 

to handle the autocorrelation issue.  

BDOTS has been implemented in R as bdots package (Nolte, Seedorff, Oleson, 

Brown, Cavanaugh, & McMurray, 2023) with vignette introducing detailed steps of 

analysis. At the time of writing there are two fitting functions available in this package, 

four-parameter logistic and double-Gaussian, which is often suitable for visual world 
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paradigm data. However, the package also allows additional curve functions to be 

defined for other types of time-series data (Seedorff et al., 2018).   

 While BDOTS is a powerful method for detecting time period of significant 

differences between conditions, conducting BDOTS comes with several challenges. 

The first challenge is when fitting curves, it is possible that a specific function fits well 

for some participants’ trajectories but not for others’, which may affect the statistical 

results. This potential problem therefore requires a detailed check of goodness of fit 

when conducting BDOTS analysis. BDOTS provides both visualisations of curve-fitting 

and fit codes using R2 as an estimate of goodness of fits.  

The second challenge is that large numbers of observations in each trial and 

large number of participants are required for accurate analyses. In an analysis of 

eyetacking data, Ito and Knoeferle (2022) used only 16 critical trials as an example 

and they failed to fit good curves to their data or to replicate their results they had 

obtained using other analysis methods like Growth Curve Analysis. They emphasised 

the importance of obtaining sufficient numbers of observations for a successful 

BDOTS analysis by listing the number of critical trials in previous studies that 

successfully implemented BDOTS methods (e.g., 384 trials used in Hendrickson, 

Apfelbaum, Goodwin, Blomquist, Klein, & McMurray, 2021; 480 trials in Sarrett, Shea, 

& McMurray, 2022). 

 To conclude, BDOTS approach benefits the analysis of time-series data like 

eye- or mouse-tracking data in that it is able to detect the specific time period when 

an effect of interest is significant. Compared to methods like AUC, BDOTS allows for 

a precise look of temporal change of trajectories in each time point and estimates the 

significance of differences in two conditions. Also, BDOTS allows to use a specific 

function (four-parameter logistic, double Gaussian or user-specific functions) to 

improve the curve fit. 

 

4.3 Current mouse-tracking studies 

 The current thesis presents four mouse-tracking experiments to explore 

whether and how a specific type of disfluency, filled pause uh, influences listeners’ 

real-time interpretations of the ambiguous word some. As previously mentioned, 

Tomlinson Jr. et al. (2013) using mouse-tracking and Loy et al. (2019) combing the 

use of eye- and mouse-tracking, have explored listeners’ online processing of some. 



 54 

Both studies used two-item paradigms, effectively providing two interpretations of 

some in each critical trial and asking the listener to select their preferred interpretation. 

However, as a scalar quantifier, interpretations of some should be considered 

to be on a scale of meanings and not necessarily limited to only two interpretations. 

Therefore, building on the previous basic paradigm, I designed a four-item paradigm 

for the series of mouse-tracking studies in this thesis. This paradigm broadens 

listeners’ options of potential interpretations of some to four and is thus expected to 

provide a more natural and more subtle picture of listeners’ real-time processing. 

Detailed descriptions of the mouse-tracking paradigms used in each study are 

presented in Chapters 5 and 6. In the following sections, I describe generally what a 

four-item mouse-tracking paradigm in this thesis is like. I then generalise the features 

of mouse-tracking data I reported in each mouse-tracking study and the analysis 

method used in my mouse-tracking studies. 

 

4.3.1 Current paradigms 

 All mouse-tracking studies in this thesis involved a web-based clicking task 

using a four-item mouse-tracking paradigm. In this task, participants were presented 

with four items while listening to audio recordings. An example of a four-item paradigm 

is shown in Figure 4.5.  
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Figure 4.5 A visual display example of a four-item mouse-tracking paradigm 

 

This paradigm provides four choices that appear in the centre of each quarter 

of screen. The starting position for the participants’ mouse was controlled to ensure 

that the mouse movements in each trial start from the centre of the screen and end at 

the point when the participant clicks their selected image.  

 

4.3.2 Current analysis methods 

I reported and analysed the following features of mouse-tracking data in each 

study: the outcome of interpretation (i.e., final clicks) and the process of interpretation 

(i.e., mouse trajectories). It should be noted that the details for the data visualisations 

and analyses were slightly different according to specific data in each study (see 

Results sections in Chapters 5 and 6), but I present here the common information I 

reported for all mouse-tracking data. 

 

Final clicks 

 To examine the outcome of participants’ interpretations, final clicks (i.e., which 

image a participant clicked eventually) were recorded. Two perspectives regarding 

final clicks were reported: clicking results (i.e., the image clicked) and response time 
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(i.e., time between the word some onset and a click on the chosen image). Variables 

of interest (clicking results and response time) were also modelled using mixed-effects 

regression (logistic or linear) to test whether any observed differences were 

statistically significant. 

 

Mouse trajectories 

Mouse trajectories were analysed to observe participants’ processing. For each 

trial for each individual, mouse trajectories were time-normalised into 101 time-steps 

for further analysis (following Dale, Kehoe, & Spivey, 2007 and Spivey et al., 2005). 

This normalisation process allows us to compare trajectories across different trials and 

participants, despite variations in the absolute duration of each trial. Normalising time 

in this manner also has important implications for interpreting findings regarding the 

timing of the comprehension process. Specifically, it allows us to focus on the relative 

timing of effects within the trial. This process-related view of time enables us to 

address questions such as whether an effect occur early or late within the trial.  

Among the previously introduced common methods of analysing trajectories, 

the Bootstrapped Differences of Timeseries (BDOTS) was chosen. There are two main 

reasons for this choice. First, BDOTS provides a means of detecting the specific time 

period when trajectories start to significantly differ between two conditions. This 

feature allows us to examine the temporal dynamic of participants’ mouse movements. 

Mapping this significant time period of differences by conditions provides us a clearer 

picture of how participants’ mouse movements reflect the onset of disfluency. The 

second reason to choose BDOTS is that when the dataset is large, it is relatively more 

easy to implement and more computationally tractable compared to other similarly 

capable methods like GAMM.  

The current mouse-tracking studies took the following actions to overcome the 

potential challenges when implementing BDOTS analysis. To obtain sufficient 

observations in critical trials, a minimum of 150 participants were recruited for each 

mouse-tracking experiment. Also, to ensure the goodness of fit, both the fit codes and 

visualisations of curve-fitting were checked in detail. Moreover, to aid the interpretation 

of BDOTS analysis results, I used a ‘rainbow’ visualisation of participants’ mouse 

trajectories by final clicks and by conditions (disfluent/fluent) when examining the 
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mouse trajectories. Figure 4.6 shows an example of one such visualisation in Chapter 

6. 

 

 
Figure 4.6 An example of visualising mouse trajectory in a four-item mouse-tracking 

paradigm (one quadrant from a larger visualisation in Experiment 3, Chapter 6). 

 

Figure 4.6 shows an average literal mouse pointer path starting from the centre 

of the screen (bottom right in the current figure) and in this case ending on the left top 

of the screen where the clicked image is located. This line, therefore, shows what the 

average mouse movement looks like for participants who clicked on this specific image 

in one particular condition. Coloured points were added for time-related characteristics. 

The colour of points (from red points at the centre of the screen to the violet colour in 

the corner) indicates successive 10% increments of trial time. Together with BDOTS 

analysis results, this way of presenting mouse trajectory information offers a robust 

examination of participants’ process of comprehension. 
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4.4 Conclusion: Mouse-tracking in understanding 
language comprehension 

 Mouse-tracking, like eye-tracking, is an effective method for exploring the real-

time unfolding of listeners’ processing in language comprehension. Using a typical 

two-item paradigm, previous studies have demonstrated the utility of mouse-tracking 

methods for investigating the temporal dynamics of language processing, and have 

also established the possibility and benefit of using mouse-tracking method to collect 

large-scale web-based data. Using an appropriately adapted four-item paradigm, the 

mouse-tracking studies in this thesis enable a deeper understanding of listeners’ real-

time processing of the scalar quantifier some. To my knowledge, these studies are the 

first to use four items in a visual mouse-tracking paradigm. By developing this new 

paradigm specifically for the current research question and providing standardised 

ways of reporting both outcomes and processes of mouse-tracking tasks, this thesis 

affirms the potential of using mouse-tracking techniques in studying real-time 

language comprehension. 
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Chapter 5 
When some is more: Disfluency in context 
 
 

5.1 Introduction 

When it comes to language comprehension, the content of utterances is not the 

only important factor. The speaker’s manner of delivery may also influence the 

interpretation of the utterances’ meanings. Spontaneous speech produced with 

disfluencies, like uh or um, is thought to be less certain (Smith & Clark, 1993) or less 

confident (Brennan & Williams, 1995). Such disfluent speech is also found to influence 

listeners’ judgement towards whether an utterance is truth or a lie (Loy, Rohde, & 

Corley, 2017; Zuckerman, Koestner, & Driver, 1981). These findings highlight the 

relationship between a speaker’s manner of speech and listeners’ pragmatic 

interpretations of disfluent utterances. However, there still remains the question of how 

this connection between disfluencies and listeners’ pragmatic interpretation is formed: 

whether listeners’ interpretation is affected by disfluencies via speaker modelling, or 

via a heuristic association of disfluency and uncertainty or lying.  

For example, if listeners’ interpretations of disfluencies are based on heuristics, 

they might automatically associate fillers to uncertainty or deception, regardless of the 

speaker’s actual confidence or truthfulness or contexts. However, if listener interpret 

disfluencies via modelling speaker’s perspectives, they might infer from disfluencies 

that the speaker is unsure or lying about the utterances in the given context.  

Critically, disfluencies have different effects in different contexts. The current 

study aims to explore how disfluency affects listeners’ comprehension given a context, 

addressing a main question of this thesis (heuristic or speaker modelling) by focusing 

on the ambiguous word some in a social context. 
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Social contexts were found to influence how people perceive disfluencies in 

sentences with ambiguous word some, and several studies have exploited the 

ambiguity between the literal (“some and possibly all”) and the pragmatically 

strengthened (“some but not all”) interpretations of some (Bonnefon, Dahl, & 

Holtgraves, 2015; Bonnefon, Feeney, & Villejoubert, 2009; Loy, Rohde, & Corley, 

2019). Consider a sentence like “Some people like your idea”. Previous studies 

exploiting the concept of face found that interpretations of some were influenced by 

whether face-threatening content was involved (Bonnefon et al., 2009). Bonnefon et 

al. (2015) investigated how disfluencies, specifically silent pauses, influenced the 

interpretations of some in such contexts where the speaker’s politeness goals were 

involved. They asked participants to read vignettes like (1) and answer the question 

of to what extent participants thought the sentence to guarantee a literal interpretation 

(i.e. “Possibly all people hated/loved your idea”). Whether the speaker was described 

to stay silent before delivering a face-threatening or face-boosting expressions was 

manipulated. 

 

(1) Yesterday, you pitched an idea to a group of five persons. Today, you ask 

Bob (who was in the group) what people thought of your idea. Bob <stays 

silent for a few seconds. Then he> replies: “Some people hated/loved your 

idea.” 

 

Bonnefon et al.’s results showed that when the description of the speaker remaining 

silent was present, participants always preferred an unpleasant interpretation of some. 

Specifically, in a scenario where face-threatening message was delivered (i.e., Some 

people hated your idea), people tended to rate higher for a literal interpretation 

(“Possibly all hated your idea”). However, in the face-boosting scenario (i.e., Some 

people loved your idea), people still preferred an unpleasant interpretation, but in this 

case, a pragmatic interpretation (“Not all people loved your idea”). This study provided 

off-line evidence for disfluency’s contextual effect on people’s interpretations of the 

ambiguous word some. 

 Also exploiting the concept of face, Loy et al. (2019) used a visual world 

paradigm study and provided further real-time evidence for the effect of disfluency on 

the interpretation of some. Loy et al.’s study used a social context involving potential 

face-loss by admitting one’s greediness. They described a cover story: participants 
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were given snacks to eat freely while watching a documentary film. The true purpose 

of the study, investigating greed, was only revealed afterwards. Participants needed 

to report the number of snacks they consumed. Participants in Loy et al.’s studies were 

told to listen to the recorded answers from those taking part in the greed study and 

choose from two plates with a number of remaining snacks to indicate how many 

snacks they believed the speaker to have actually eaten (i.e., one snack left on the 

plate meaning six snacks eaten). In each critical trial, the screen display (left panel in 

Figure 5.1) showed one plate corresponding to a pragmatic interpretation of some 

(e.g., ate some but not all snacks), and an empty plate compatible with literal 

interpretation (e.g., ate possibly all snacks). Speakers’ manners of delivery were 

manipulated for critical trials, which were of the form “I ate some oreos” (or other snack) 

in the fluent condition and “I ate, uh, some oreos” in the disfluent condition.  

 Both eye- and mouse-movements showed that where speakers were disfluent 

(“I ate, uh, some oreos”), listeners were more likely to make an early commitment to a 

literal interpretation (“I ate possibly all oreos”) than when the speakers were fluent. 

These results suggested that listeners took not only the social context, but also the 

speaker’s manner of delivery rapidly into account while processing the meaning of 

some.  

Loy et al. also included a control display (right panel in Figure 5.1) to further 

explore how listeners’ interpretations of some was affected by disfluencies. In the 

control display, the empty plate from critical display, compatible with the literal meaning 

of some, was replaced by a plate with only one snack eaten. They considered this 

plate incompatible with the meaning of some, and therefore listeners were expected 

to only choose it if they thought the speaker was lying. Evidence from eye- and mouse-

movements indicated that for control trials, participants in fact showed early bias 

towards the only plate compatible with any meaning of some instead of the plate with 

only one snack eaten. Loy et al. concluded that this result was consistent with the view 

that the effect of disfluency in the given context was better explained by potential face-

loss concerns rather than deception.  
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Figure 5.1 Example of screen displays used in Loy et al. (2019). (Left Panel) Critical 

displays: the left plate depicting the pragmatic interpretation of some and the right 

plate depicting the literal interpretation; (Right Panel) Control displays: the left plate 

depicting the pragmatic interpretation of some and the right plate with the meaning of 

“one”.  

 

Loy et al.’s study provided two important conclusions. First, listeners were 

sensitive to social cues hidden behind the speaker’s manner of delivery, as they 

showed a rapid integration of these cues to real-time language processing. Second, 

methodologically, the corresponding results from eye- and mouse-movements in this 

study demonstrated that mouse-tracking could be successfully used in the context of 

the visual world paradigm. 

 Despite these indications, one question that remained unclear from Loy et al. 

is how disfluency exerts its effect in a given social context. Setting up the control trials 

to investigate whether disfluency cues lying or face-saving under the given social 

context might be an attempt to touch upon this question. However, their results could 

not be the whole story. A critical reason is that Loy et al. did not vary their social 

contexts and therefore their study failed to tell apart whether the preferred literal 

interpretation of some in their given context was due to listeners’ reasoning cued by 

disfluency, or merely a heuristic association of the literal interpretation and the given 

context. The second reason is that a plate with one snack eaten in the control display 

might not be the best display representing the account that disfluency signals 

deception. By definition, the literal interpretation of some includes the lower bound 

meaning of “at least one”. Therefore, “one” can be seen as compatible with the 

meaning of some. This controversy might challenge Loy et al.’s conclusion that 

listeners associate disfluencies with face-loss rather than lying. The third reason is 
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regarding the complexity of the task itself: with the screen display designed as plates 

with a remaining number of snacks, participants had to not only process the utterances, 

but also do a calculation using the known total number of snacks and the displayed 

number of snacks to get the number of eaten snacks and then make the decision of 

which plate to choose. Even though it was a simple calculation, the cognitive effort 

cost in this indirect display of represented number might influence the results in eye- 

and mouse-movements.  

 

5.1.1 Present study 

 In this chapter, we present a conceptual representation of Loy et al. (2019). 

There were two things from Loy et al. we kept in the current studies to explore further. 

First, I kept the main research question of investigating the disfluency’s pragmatic role 

in listeners’ real-time processing of the scalar quantifier some. Second, I kept a similar 

methodology by applying web-based mouse-tracking techniques to explore listeners’ 

real-time processing of some in a given social context. While conceptually replicating 

Loy et al. (2019), the two studies presented in the following sections aim to target the 

remaining questions of Loy et al. by changing two main things. First, I changed a social 

context presented to participants to test if the pragmatic role of disfluencies remained 

(when the context was varied). Second, I changed the task to a more direct one 

(detailed in Experiment sections) which should be more straightforward to participants 

and could rule out other processes with costly cognitive effort. In this way, the current 

study hopes to replicate the findings in Loy et al. with this simpler paradigm. 

 Specifically, the current study included two web-based mouse-tracking 

experiments to measure the real-time interpretation of some. The context used in 

these two experiments was a job interview for a delivery driver’s position. This social 

context was set up as a job interview could be a common shared life experience that 

is easy to understand. More importantly, in job interview scenarios, it was natural to 

involve a speaker’s, in this case, interviewee’s, goals of building good images of 

oneself to get the job. As a result, disfluency might be interpreted as the speaker 

avoiding face-loss or as a cognitive consequence of the speaker’s efforts of lying. 

Participants in the current two experiments were asked to listen to a series of 

recorded interview conversations like that in (2), which manipulated whether the 

interviewees were disfluent or not when answering the interviewer’s questions. 
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(2) Interviewer: “How many inspections has your vehicle failed?” 

Interviewee: “My vehicle failed some inspections.” (fluent) or 

                          “My vehicle failed, uh, some inspections.” (disfluent) 

 

In each of two web-based clicking tasks, participants saw four images depicting 

different numbers of interviewee disqualifications while hearing the interview audios. 

By disqualifications, we refer to things that are undesirable in the given context of a 

job interview, such as the number of failed inspections or the times of being late for a 

delivery. Critically different from the two-image paradigm in Loy et al. (2019), four 

images representing various possible interpretations of some were displayed as 

options. This design of presenting a scale of meanings of some was to combine both 

critical and control conditions of Loy et al. in one display, taking into the consideration 

that interpretations of some could be a range of possible meanings. In Experiment 1, 

available interpretations of some were represented by one, two, four or five 

disqualifications, covering the lower-bound meaning of some (one: “at least one”), 

pragmatically strengthened meaning (two/four: “not all”), and upper bound of literal 

interpretation (five: “possibly all”). As the use of the empty plate in Loy et al., the 

absolute upper bound meaning all was included to test whether it was possible for 

participants to extend the meaning of some to this higher end (“actually all”), given a 

context supporting this direction of social reasoning. As in the current interview context 

where more disqualifications were undesirable, an interviewee might use some to 

soften the less favoured fact that “My vehicle actually failed all the inspections”. 

Participants’ mouse movements throughout the experiment session were 

recorded, and we measured, for each trial, participants’ clicks (i.e., which image was 

eventually clicked) and their mouse trajectories made before each click. In line with 

Loy et al.’s findings, if listeners interpret some via a speaker-modelling action of 

reasoning socially of disfluency, similar results to Loy et al. (2019) were expected to 

be observed, with preference towards images compatible with literal “some and 

possibly all” interpretation following disfluency, despite the use of a different social 

context.  
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5.2 Experiment 1 

5.2.1 Methods 

5.2.1.1 Participants 

One hundred and sixty (Female: 61, Male: 97, Non-binary: 2) self-reported 

native English speakers were recruited via Prolific Academic, and each participant was 

compensated £2 for a task that was estimated to take 15 minutes (£8/h). An additional 

21 participants were tested but their data were not included in our analyses, because 

these participants (1) failed to finish the whole experiment session or their data were 

not correctly saved in our server, (2) took more than 40 minutes to finish the whole 

session (this time limit is based on pre-tests with non-native English speaker 

participants), (3) failed both attention checks, or (4) completely correctly guessed the 

aim of this experiment. All participants were between 18 and 35 years old, with normal 

or corrected-to-normal vision, and with no self-reported hearing difficulties. Every 

participant provided informed consent by clicking a button on an information page at 

the beginning of experiment, in accord with the University of Edinburgh Research 

Ethics Committee approval (reference number: 271-2122/3). 

 

5.2.1.2 Material and experiment design 

We conducted a within-subjects experiment, manipulating the presence of 

disfluency (present vs. absent) in critical trials. Each participant listened to 6 interviews, 

each comprising 6 exchanges between an interviewer and one of 6 interviewees. Each 

exchange constituted one trial and was associated with a set of four images (Figure 

5.2). All of the interviews comprised exchanges on the same six topics, using the same 

6 sets of four images. Within each interview, 2 of the exchanges were critical trials; 

one each with a fluent or disfluent response from the interviewee. Over the six 

interviews, each type of qualification served once as a critical disfluent and once as a 

critical fluent item, so that each participant encountered 12 critical trials (6 disfluent). 
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Figure 5.2 Display examples for four target trials in Experiment 1 (Top-left panel: 

interviewer asking “How many times have you been late for a scheduled delivery?” 

and interviewee answering “I have been late for [uh] some of the scheduled deliveries”; 

Top-right panel: interviewer asking “How many times have you had complaints from 

customers recently?” and interviewee answering “I’ve had [uh] some complaints”; 

Bottom-left panel: interviewer asking “How many ‘F’s did you get for driving proficiency 

tests?” and interviewee answering “I got [uh] some ‘F’s”; Bottom-right panel: 

interviewer asking “How many inspections has your vehicle failed over the past few 

months?” and interviewee answering “My vehicle failed [uh] some inspections.”) 

 

5.2.1.3 Visual stimuli 

Six sets of images indicating counts of qualifications corresponding to six 

interview questions were used as potential referents in the experiment. The six 

questions concerned the following qualifications: Q1: Number of times being 

unpunctual in scheduled deliveries; Q2: Number of complaints from customers; Q3: 

Number of the cases damaging customers’ parcels; Q4: Number of failed driving 

proficiency tests; Q5: Number of times getting lost on delivery trips; Q6: Number of 

vehicles failing inspections. 
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In each target trial, participants saw four images with one, two, four, or all (five) 

disqualifications (represented in red in images) – number of red unpunctual clocks 

versus green punctual clocks (top-left panel in Figure 5.2), number of red unhappy 

faces versus green happy faces (top-right panel in Figure 5.2), number of red ‘F’s 

versus ‘A’s (bottom-left panel in Figure 5.2), or number of green ticks and red crosses 

(bottom-right panel in Figure 5.2). For convenience, these images will be further 

referred to as one-cross, two-cross, four-cross, and all-cross. In response to each 

interview question, more red representations in the images represent a higher number 

of disqualifications (i.e., lower qualifications). Images always appeared in fixed 

locations (one-cross top left, two-cross top right, four-cross bottom left and all-cross 

bottom right). 

 

5.2.1.4 Audio stimuli 

For every participant, the whole experiment session included six complete 

interviews. Every complete interview comprised six conversations between the same 

interviewer and a different interviewee, where two of the six conversations were critical 

trials and the remaining four were filler trials, used to reduce the chance that 

participants would notice the experimental design. In total, every participant heard 36 

exchanges, with 12 critical and 24 filler trials included. 

Recording of audio stimuli was approved by the University of Edinburgh Ethics 

Committee with the reference number 268-2122/4. Six native British English (three 

males and three females) recorded the interviewee scripts, and one native American 

English speaker recorded the interviewer script. 

In critical trials, the recorded interviewees’ answers included some in either the 

disfluent or fluent condition. Interviewees’ answers in filler trials contain no use of the 

disfluency uh or the critical word some, but have other forms of disfluency (e.g., silent 

pauses, prolongation, substitution, etc.) and other expressions of quantifiers12 (e.g., ‘a 

few’, ‘more/less than’, etc.). For example, the interviewee’s answer in a filler trial about 

 
12 To avoid adding extra processing difficulty for listeners (discussed in section 3.4.1.1), vague 
quantifiers such as “rarely any”, “less than half”, or “around two or three” were used in filler trials 
instead of specific numbers. Despite these efforts, there remains a slight possibility that alternative 
expressions could influence listeners’ processing in critical trials. However, since the focus of the 
experiments was on the effect of disfluency on listener processing and the filler trials were used 
across experimental conditions, we do not expect the presence of salient alternatives in filler trials to 
have a significant impact on the main findings. 
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the number of the failed driving proficiency test is “I got an ‘F’ for half, actually less 

than half of them”, using substitution as a disfluency indicator and ‘less than half’ to 

indicate the amount. 

The interviewer and interviewee audio were recorded online via a browser-

based recording tool implemented in JavaScript.13  Step-by-step instructions were 

provided to speakers on how to use the recording website, with details to pay attention 

to before and during recording. Speakers were asked to record each sentence at least 

three times for the experimenters to choose the most natural version of utterances. 

The collected recordings were further edited using Audacity (version 2.4.2) in 

the following way: for fluent utterances, the most natural version was chosen and used; 

for disfluent utterances, the most natural disfluency uh was extracted from one 

disfluent utterance and was added to the other disfluent utterance (replacing the 

original uh), so that the two critical trials in the same interview had the same disfluency 

uh. For fillers, no editing was applied. 

 

5.2.1.5 Procedure 

 Participants completed the experiment, implemented in JavaScript using 

jsPsych (De Leeuw, 2015) online. After reading the welcome and information page, 

they provided signed consent of participating via clicking ‘I consent’ button. Then they 

answered five demographic questions before experiment session. The main mouse-

tracking experiment session started with a trial in which the audio instructed 

participants to click on a specific image. This was designed to familiarise participants 

with the experiment, as well as to test that they could hear the audio, allowing them 

time to adjust the volume as required. Following the audio check, a brief instruction 

page reviewed the cover story for the study and explained the experimental procedure. 

The flow of the experiment is shown in Figure 5.3. At the start of each trial, 

participants clicked a central ‘Ready’ button, which ensured that the pointer was at the 

centre of the screen. After clicking the ‘Ready’ button, four images appeared on the 

screen, corresponding to four possible interpretations of the interviewee’s answer. 

After 2000ms, the first part of the audio (interviewer question) was played. During this 

part of the audio, participants could move the pointer using the mouse, but clicks (on 

any of the four images or elsewhere) were not registered.  

 
13 Recordings were made during the Covid-19 pandemic under UK social distancing regulations. 
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Once the interviewee’s response started playing, participants were able to click 

on any of the four images as soon as they wished. If no click was made within 10s of 

the interviewee audio offset, the trial timed out and the screen automatically showed 

the ‘Ready’ button indicating the start of the next trial. 

 

 
Figure 5.3 Flow of each trial in the mouse-tracking experiment 

 

 Two attention-check trials were included in the middle (after the third interview 

conversation) and at the end (after the last interview) of each participant’s session. In 

these trials, the interviewer gave straightforward information indicating which image 

should be clicked. For example, in the middle attention check trial, the interviewer said, 

“Among the candidates we have interviewed so far, I’m thinking about ruling out the 

one whose vehicle has failed the most inspections over the past few months” such 

that the interviewer question uniquely determined the answer (left-bottom image in 

Figure 5.4). 
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Figure 5.4 Attention-check trial screen display example (mid-attention check) 

 

 The mouse-tracking experiment stage finished with the end attention-check trial, 

after which participants answered two after-experiment survey questions, including a 

question about suggestions for this experiment and a question of whether they had 

noticed what the experiment was about. 

 For each experimental item, we recorded the mouse pointer position over the 

time as well as the identity of the object clicked. 

 

5.2.2 Results 

Data and analysis scripts are available at https://osf.io/m59u3. Prior to analysis, 

data from filler trials, as well as practice and attention-check trials, were removed. All 

the statistical analyses were carried out in R version 4.2.3 (R core team, 2023). 

 

5.2.2.1 Final object click 

Click results 

https://osf.io/m59u3/?view_only=24a2c35c34d44a60b7d38de4c4778c36
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Total numbers of clicks on each image by condition (disfluent/fluent), as well as 

the percentages of participants clicking on each image in each condition, are shown 

in a bar plot presented in the left panel of Figure 5.5.  

 

 
Figure 5.5 (Left panel) Bar plot showing total number and distribution of mouse 

clicks recorded on each image (One-cross, Two-cross, Four-cross, or All-cross) by 

manner of delivery (disfluent/fluent); (Right panel) Bar plot showing total number and 

distribution of mouse clicks recordesd on each group of choices (images with smaller 

numbers: One-/Two-cross; with larger numbers: Four-/All-cross) by manner of delivery 

(disfluent/fluent). 

 

Following disfluent utterances, participants clicked fewer one- and two-cross 

images, but more four- and all-cross images compared to fluent utterances. For 

analysis, we separated clicks on these four items into two groups of choices: clicking 

on images with larger numbers (i.e., four- or all-cross images) and clicking on the ones 

with smaller numbers (i.e., one- or two-cross images). The right panel in Figure 5.5 

shows total numbers of clicks on these two groups of choices (one-/two-cross images 

vs. four-/all-cross images) by condition (disfluent/fluent). When analysing mouse click 

results and mouse trajectories in the following steps, we used these two groups of 

clicking choices when referring to participants’ responses. In the following analysis, an 

effect with p-value less than 0.05 or absolute t value larger than 2 (following Baayen, 

2008) is regarded to be significant.   
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Clicks on the larger-number choice group (clicks on four-/all-cross images) 

were modelled using a mixed-effects logistic regression. This mixed-effects logistic 

model includes one fixed effect for the within-participant and within-item predictor, the 

manner of delivery (fluent vs. disfluent), and random effects with by-participant and 

by-item random intercepts and slopes. Participants were more likely to click on the 

larger-number images following a disfluent utterance compared to a fluent utterance 

(β = 0.990, SE = 0.199, p < 0.001). This response pattern of participants fits the 

predictions of a speaker-modelling action of social reasoning, which suggest that the 

presence of disfluency in this given context bias interpretation in favour of the socially 

undesirable meaning, the upper bound of literal “some and possibly all” interpretation 

of some. 

 

Time taken to click 

 After hearing the critical word some, the time participants took to click their final 

pick of image (grouped into larger- and smaller-number choices) is shown in Figure 

5.6. The overall time (after the onset of some)14 spent in deciding which group of image 

to click was modelled using a linear mixed effects regression. The model included the 

fixed effects of the manner of speech (fluent vs. disfluent), whether clicking larger-

number group of images at the end and their interaction, and random effects with by-

participant and by-item random intercepts. There was no significant effect of manner 

of delivery (β = 16.2, SE = 86.0, t = 0.19) or interactive effect of disfluency and clicking 

choices (β = -48.6, SE = 124.7, t = -0.39) on participants’ time taken to click after 

hearing some. For those eventually clicking on images with smaller numbers (One-

/Two-cross images), they took significantly longer time compared to those clicking on 

images with larger numbers (Four-/All-cross images) (β = 302.8, SE = 96.1, t = 3.15). 

 

 
14 We calculated overall reaction time relative to the onset of some here to avoid the length feature of 
different audios influencing the statistical results. As some items’ audios were originally longer than the 
others, therefore participants’ reaction time hearing those audios was expected to be longer in nature. 
Time-locking the overall time to the onset of some was to eliminate this influence. 
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Figure 5.6 Average time to click (relative to the onset of critical word some) on each 

group of choices (images with smaller numbers: One-/Two-cross; with larger numbers: 

Four-/All-cross) by manner of delivery (disfluent/fluent). Error bars represent ±1 SE of 

the mean clicking time. 

 

5.2.2.2 Mouse movements 

 The mouse-tracking data collected from 160 participants were processed prior 

to conducting the analysis. For each trial for each individual, mouse-trajectories were 

time-normalised into 101 time-steps (following the time-normalisation introduced in 

Dale, Kehoe, & Spivey, 2007 and Spivey, Grosjean, & Knoblich, 2005). Step 0 

represents the onset of the interviewee audio and step 100 corresponds to the time 

point when the participant made the click. All movements were calculated relative to 

an origin (0,0) which represented the centre of the screen. 

Participants’ mouse trajectories towards each image in each condition 

(disfluent/fluent) are shown in Figure 5.7. Each line represents the average trajectory 

of the mouse pointer, starting at the onset of the interviewee’s response and ending 

when an image is clicked. Coloured points indicate relative time. The colours (from red 

points at the centre of the screen to violet in each corner) indicate each 10% of 

trajectory time. 
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Figure 5.7 Aggregated mouse trajectories towards four images (one-, two-, four-, 

all-cross) by condition (disfluent/fluent), and the colours of points (from red points at 

the centre of the screen to violet in each corner) indicate 10%, 20%, 30%...100% of 

trial time. Note that the disfluent condition is represented with the grey line with round 

points in relatively lower saturation, and the fluent condition is represented with the 

black line with triangle points in normal saturation. 

  

From Figure 5.7, we observe that the average mouse trajectories for two- and 

four-cross images show similar patterns in disfluent and fluent conditions, in terms of 

both path and distance over time, while the trajectories for one- and all-cross show 

quite different patterns in each condition. However, we should be aware that the 

number of clicks on the one- and all-cross images is relatively small: only 0.5% of 

clicks on one-cross images and 5.1% of clicks on all-cross images in disfluent 

condition, 1% of clicks on one-cross images and 2.4% of clicks on all-cross images in 

fluent condition. Given the small numbers of data points for these two images, the 

following analysis will continue to use the mentioned two groups of choices (larger- 

and smaller-value images) to explore participants’ mouse movements in real time.         
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5.2.2.3 Mouse trajectory analysis 

 To explore differences in participants’ mouse movement patterns between 

disfluent and fluent conditions, the Bootstrapped Differences of Timeseries (BDOTS) 

package (version 1.2.5, Nolte, Seedorff, Oleson, Brown, Cavanaugh, & McMurray, 

2023) in R was used to analyse our mouse-tracking data. BDOTS package provides 

statistical methods designed specifically to handle time-series data, with the 

advantage of estimating when an effect was significant and how long it lasts (Oleson, 

Cavanaugh, McMurray, & Brown, 2017; Seedorff, Oleson, & McMurray, 2018). The 

ability of estimating the time window when two time-curves start to differ makes 

BDOTS suitable for our real-time mouse-tracking data.   

 Before performing this analysis, a distance variable representing the distance 

from each mouse point to the horizontal line in the middle of the screen, referred to as 

the centre line (see Figure 5.8). This reference line was chosen based on the clicking 

patterns observed in the final click results (shown in section 5.2.2.1), in which 

participants showed obvious differences in clicking preference between conditions. 

There were more clicks on four- and all-cross images (two bottom panels on the 

screen display as in Figure 5.8) in disfluent condition compared to fluent condition, 

while more clicks on one- and two-cross images (two top panels on the screen display 

as in Figure 5.8) were observed following fluent utterances compared to disfluent 

utterances. Henceforth, we regarded the middle line which divided the screen into 

halves as a reference line to observe the influence of the condition on participants’ 

mouse movements. Distance to this line, therefore, represents how far a participant 

move away from a neutral line to a preferred interpretation (either toward larger-

numbers or smaller-numbers). 
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Figure 5.8 A visual representation of the distance from a given mouse point to the 

horizontal centre line of the screen display. 

 

The proportions of participants’ mouse movements towards each group of 

clicking images (images with larger-/smaller-numbers) across time in each condition 

(disfluent/fluent) are shown in Figure 5.9. Each line represents the proportion of mouse 

distance travelled from the horizontal centre line of screen towards the clicked image, 

starting at the onset of the interviewee’s response and ending when an image is 

clicked.  
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Figure 5.9 Proportion of mouse movements from the horizontal centre line of 

screen towards each group of clicking choices (larger-number group: four-/cross 

images; smaller-number group: one-/two-cross images) by condition (disfluent/fluent), 

starting from the onset of interviewee audio to the time when an image is clicked. 

  

 As shown in Figure 5.9, participants generally moved faster toward their choice 

of image in the fluent than disfluent condition. Following disfluent utterances, 

participants who clicked on images with larger numbers appeared to move faster 

compared to those clicking on smaller-number images. However, following fluent 

utterances, participants clicking different groups of images did not show obvious 

differences regarding their speed of movement.  

 This observed mouse-movement pattern was analysed statistically using 

BDOTS. The processed data were fit using a logistic function to compare the 

difference of curves for disfluent and fluent conditions (Top panel in Figure 5.10), 

regardless of where the final click images are. In the fitting stage, 38 curves had good 

fits without AR1 (R2 >= .95), 2 curves had reasonable fits with AR1 (R2 >= .80) and 

116 curves had reasonable fits without AR1. In the bootstrapping stage, 

autocorrelation of the t-statistics was 0.992 and the adjusted alpha was calculated to 
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be 0.00768. Regions of significance were found to start from time step 18 to time step 

64 (Bottom panels in Figure 5.10).  

 

 
Figure 5.10 (Top panel) Two time-curves showing average distance (in pixels) from 

the mouse pointer to the horizontal centre line across 101 time-steps by manner of 

delivery (disfluent/fluent); (Bottom panels) BDOTS results of curve differences 

between conditions (disfluent/fluent) highlighting the significant time period of 

differences in Experiment 1.   

 

 This BDOTS analysis shows that, regardless of where the final click images are, 

participants were faster to move away from the centre line in the fluent compared to 

the disfluent condition. In particular, differences between conditions emerge at step 18 

in the mouse trajectory. This result indicates that following disfluent utterances, 

listeners generally were less quick in deciding and moving towards a clicked image 

(less steep slope) compared to in the fluent condition. Critically, participants’ mouse 

differences between disfluent and fluent conditions diverged early: 862ms after 
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interviewee audio onset if mapping the time step 18 to actual timing of mouse 

movements. 

 

Looking at cases with final clicks on images with larger numbers (Four-/All-

cross images) in isolation, the mouse trajectories showed a similar effect of manner of 

delivery on participants’ mouse movements. Data with final clicks on larger-number 

images were fit using a logistic function to compare the distance metrics between 

disfluent and fluent conditions (Top panel in Figure 5.11). 

 In the fitting stage, 6 curves had good fits with AR1 (R2 >= .95), 36 curves had 

good fits without AR1, 3 curves had reasonable fits with AR1 (R2 >= .80) and 90 curves 

had reasonable fits without AR1. In the bootstrapping stage, autocorrelation of the t-

statistics was 0.994 and the adjusted alpha was calculated to be 0.00956. Regions of 

significance were found starting from time step 33 to time step 69 (Bottom panels in 

Figure 5.11). 
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Figure 5.11  (Top panel) Two time-curves showing average distance (in pixels) from 

the mouse pointer to the horizontal centre line across 101 time-steps by manner of 

delivery (disfluent/fluent) in the cases where images with larger numbers (Four-/All-

cross) were clicked; (Bottom panels) BDOTS results of curve differences between 

conditions (disfluent/fluent) when images with larger numbers (Four-/All-cross) were 

clicked, highlighting the significant time period of differences in Experiment 1.   

 

 Mapping this result into actual timing of mouse movements shows that for 

participants eventually clicking on images with larger numbers (Four-/All-cross 

images), their mouse movements between condition diverged quickly: around 1580ms 

after interviewee audio onset and critically 195ms after average disfluency uh onset in 

disfluent condition.  

 

Exploring disfluent condition only, we further investigated the mouse 

trajectories dependent on where participants eventually clicked. Data in the disfluent 

condition were fit using a logistic function to compare the distance metrics between 

participants clicking on the images with larger numbers (Four-/All-cross images) and 

those clicking smaller-number images (One-/Two-cross images) (Top panel in Figure 

5.12). 

In the fitting stage, 18 curves had good fits with AR1 (R2 >= .95), 59 curves had 

good fits without AR1, 10 curves had reasonable fits with AR1 (R2 >= .80) and 187 

curves had reasonable fits without AR1. In the bootstrapping stage, autocorrelation of 

the t-statistics was 1 and the adjusted alpha was calculated to be 0.03, showing that 

no significant regions were found where the two time-curves start to differ. This result 

(bottom panels in Figure 5.12) indicated that, following disfluent utterances, there was 

no significant different between participants’ mouse movements toward images with 

larger numbers and toward images with smaller numbers.  
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Figure 5.12 (Top panel) Two time-curves showing average distance (in pixels) from 

the mouse pointer to the horizontal centre line across 101 time-steps by whether the 

final click choice is larger-number group (Four-/All-cross images) or smaller-number 

group (One-/Two-cross images); (Bottom panels) BDOTS results of curve differences 

between final click choices on images with larger numbers (Four-/All-cross) and on 

images with smaller numbers (One-/Two-cross) in Experiment 1.   

 

5.2.3 Discussion 

 Experiment 1 continues the research into how disfluency exerts its pragmatic 

effect on interpreting some based on previous studies, but we varied a social context 

and visual display to investigate whether the pragmatic role of disfluency retain. 

Specifically, we tested whether listeners still biased the undesirable interpretations of 

some following disfluent utterances in this context as shown in previous literature.  

 Experiment 1 provides further evidence for the pragmatic role of disfluency from 

two perspectives. First, in a different social context where more options of 
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interpretations of some are presented, disfluency bias towards less socially favourable 

literal interpretations of some represented by images with a larger number of 

disqualifications. In 5.1% of disfluent and 2.4% of fluent trials, the meaning of some is 

stretched to the extreme upper end of a literal interpretation (“all”). Corresponding to 

results in Loy et al. (2019), the current results from Experiment 1 suggest that listeners 

take social context when processing scalar quantifier like some and disfluency is taken 

as cues of reasoning for the speaker’s communication goals. Second, listeners 

integrate the pragmatic cues from disfluency into processing rapidly: their mouse 

movements diverged almost as soon as the audio onset between disfluent and fluent 

conditions. 

 However, even though “all” is a possible interpretation included in the upper 

bound of literal interpretation of some, extending some to this extreme end is an 

interesting finding. This result might be related to the nature of listeners’ reasoning 

process cued by disfluency. Is this interpretation of some to “all” a speaker-modelling 

process of social reasoning under the given context, or is it a heuristic judgement of 

disfluency being a cue of lying and therefore any extreme values could be chosen if 

present? Experiment 2 aims to explore further this question. 

  

5.3 Experiment 2 
 Experiment 1 shows that the speaker’s manner of delivery has an influence on 

how listeners interpret the meaning of some in a given social context. However, the 

interesting finding of participants clicking on the extreme end of literal interpretations, 

all-crosses, makes us wonder the nature of listeners’ reasoning process. One 

possibility is as shown in Loy et al. (2019), listeners applied a speaker-modelling 

action of social reasoning based on the given context: following disfluent utterance, 

listeners always bias the interpretations toward socially undesirable options, the upper 

end of literal interpretations in this case. The other possibility is listeners were actually 

merely heuristically taking disfluency as a cue of lying and any extreme values present 

to them could be chosen, no matter “all” or “zero”. In this heuristic account, the 

meaning of some is expected to be ignored by listeners and disfluencies act as the 

main determiner of the interpretations of utterances. 

To distinguish between a speaker-modelling account or a heuristic account of 

comprehension in this context, Experiment 2 replicated Experiment 1 but changing 



 83 

only one aspect of the design. In Experiment 2, the lower-bound meaning “one” was 

replaced by a “zero”.  As a meaning that is not compatible with the meaning of some 

at all, this design was able to explore whether the role of cue-of-lying was present in 

listeners’ processing in this social context. If listeners were reasoning following a 

speaker-modelling account, it is still expected to see more interpretations of some on 

the upper end of literal interpretations as in Experiment 1. However, if disfluency is 

merely a heuristic cue of lying, participants may be observed to have clicks on zero-

cross image, which also represents an extreme end of numerical value in this context. 

 

5.3.1 Methods 

5.3.1.1 Participants 

 We recruited participants with the same standard as for Experiment 1. Mouse 

movement data from a hundred and sixty eight (Female: 80 ; Male: 87 ; Non-binary: 

1) self-reported native English speakers recruited via Prolific Academic were analysed 

further, with data from an additional 12 participants ruled out (filtered with the same 

standard in Experiment 1). Participants provided informed consent by clicking the ‘I 

consent’ button on information page following the University of Edinburgh Research 

Ethics Committee guidelines (reference number: 271-2122/4). 

 

5.3.1.2 Material and experiment design 

 As in Experiment 1, we recorded participants’ mouse movements in a web-

based task in which we manipulated Disfluency (present vs. absent) within-subjects in 

a set of target trials (N=12). For each target trials, participants saw four images with 

four different counts of qualifications displayed on the screen (see Figure 5.13 for 

example trials) and heard recorded interview conversations between an interviewer 

and one of six interviewees. Experiment 2 was implemented in jsPsych version 7.0 

(De Leeuw, 2015). 
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Figure 5.13 Display examples for four target trials in Experiment 2 (Top-left panel: 

interviewer asking “How many times have you been late for a scheduled delivery?” 

and interviewee answering “I have been late for [uh] some of the scheduled deliveries”; 

Top-right panel: interviewer asking “How many times have you had complaints from 

customers recently?” and interviewee answering “I’ve had [uh] some complaints”; 

Bottom-left panel: interviewer asking “How many ‘F’s did you get for driving proficiency 

tests?” and interviewee answering “I got [uh] some ‘F’s”; Bottom-right panel: 

interviewer asking “How many inspections has your vehicle failed over the past few 

months?” and interviewee answering “My vehicle failed [uh] some inspections.”) 

 

5.3.1.3 Audio and visual stimuli 

 Experiment 2 used the audio stimuli from Experiment 1. For the visual stimuli, 

participants saw four images from one set with zero, two, four or all (five) 

disqualifications marked in red. As in Experiment 1, the allocation of four images was 

fixed (with zero-cross on the top left, two-cross top right, four-cross bottom left and all-

cross bottom right). 
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5.3.1.4 Procedure 

 Other than the use of zero-cross in place of one-cross images, participants 

experienced an identical procedure of Experiment 1 in Experiment 2. 

 

5.3.2 Results 

 The data from Experiment 2 was analysed the same way as in Experiment 1 in 

R version 4.2.3 (R core team, 2023).  Filler trials, practice trials, and attention-check 

trials were removed prior to analysis. 

 

5.3.2.1 Final object click 

Click results 

Figure 5.14 shows the total number and the percentages of final clicks on each 

group of images (larger-number group: four-/all-cross images; smaller-number group: 

zero-/two-cross images) by manner of speech (disfluent/fluent).  

 

 
Figure 5.14 (Left panel) Bar plot showing total number and distribution of mouse 

clicks recorded on each image (Zero-cross, Two-cross, Four-cross, or All-cross) by 

manner of delivery (disfluent/fluent); (Right panel) Bar plot showing total number and 

distribution of mouse clicks recorded on each group of choices (images with smaller 

numbers: Zero-/Two-cross; with larger numbers: Four-/All-cross) by manner of 

delivery (disfluent/fluent). 
 



 86 

Similar to clicking results in Experiment 1, participants’ responses showed a 

general bias towards larger-number interpretation cued by disfluency. Following 

disfluent compared to fluent utterances, participants clicked more on larger-number 

choices (60.6% vs. 39.4%) and less on smaller-number choices (42.4% vs. 57.6%). 

Critically, there were no clicks on the zero-cross image in either the disfluent or fluent 

condition. As in Experiment 1, where clicks on the larger-number images increased by 

17.8% following disfluency, participants’ clicking choices are influenced by the 

speaker’s manner of delivery (β = 1.205, SE = 0.178, p < 0.001). The fact that there 

was no click on the zero-cross image indicated the heuristic account that listeners 

always heuristically relate disfluency to lying fails to hold. Participants’ response 

pattern corresponds to the speaker-modelling account that listeners reason 

contextually for the speaker’s disfluency. 

 

Time taken to click 

 The overall time participants took to click their final pick of image (larger- and 

smaller-number images) after the onset of some is shown in Figure 5.15. As in 

Experiment 1, participants’ time taken to click is not influenced by whether the 

speaker’s disfluency (β = 57.5, SE = 78.2, t = 0.74) or by an interaction between the 

speaker’s disfluency and where they clicked eventually (β = -196.9, SE = 113.7, t = -

1.73), but dependent on whether they clicked on images with larger numbers. 

Participants eventually clicking on smaller-number (Zero-/Two-cross) images took 

significantly longer time compared to those clicking on larger-number (Four-/All-cross) 

images (β = 351.1, SE = 89.6, t = 3.92). 
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Figure 5.15 Average time used in clicking (relative to the onset of critical word some) 

on each group of choices (images with smaller numbers: Zero-/Two-cross; with larger 

numbers: Four-/All-cross) by manner of delivery (disfluent/fluent). Error bars represent 

±1 SE of the mean clicking time. 

 

5.3.2.2 Mouse movements 

We processed the collected mouse-tracking data from all 167 participants 

following the same steps as in Experiment 1. As shown in the clicking results, replacing 

One-cross image to Zero-cross image appeared not to influence participants’ mouse 

movements at all. The proportion of participants’ mouse movements toward their 

clicked object across time in disfluent and fluent condition is shown in Figure 5.16. 

People generally moved faster toward a clicked image in fluent condition. However, in 

disfluent condition only, people moved faster towards larger-number images (Four-

/All-cross) when they were going to compared to those clicking smaller-number 

images (Zero-/Two-cross). This pattern of participants mouse movements replicated 

that in Experiment 1, indicating that disfluency slowed people down in deciding an 

image to click, but only following disfluent utterances, did participants show a faster 

movement towards larger-number interpretation of some. 
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Figure 5.16 Proportion of mouse movements from the horizontal centre line of screen 

towards each group of clicking choices (larger-number group: four-/cross images; 

smaller-number group: zero-/two-cross images) by condition (disfluent/fluent), starting 

from the onset of interviewee audio to the time when an image is clicked. 

 

5.3.2.3 Mouse trajectories 

 Following the analysis steps in Experiment 1 again, I calculated the distance 

between mouse pointers to the horizontal centre line to indicate participants’ 

movements away from a neutral line. Obtained data were fit using a logistic function 

in a BDOTS analysis. I compared the difference of time-curves for disfluent and fluent 

conditions across all items first (Top panel in Figure 5.17). 

 In the fitting stage, 10 curves had good fits with AR1 (R2 >= .95), 59 curves had 

good fits without AR1, 5 curves had reasonable fits with AR1 (R2 >= .80) and 116 

curves had reasonable fits without AR1. In the bootstrapping stage, autocorrelation of 

the t-statistics was 0.998 and the adjusted alpha was calculated to be 0.0162. The 

result that no significant region was found where these two time-curves start to differ 

(Bottom panel in Figure 5.17) suggests that in Experiment 2 where zero-cross replaces 
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one-cross image, the timing of participants’ choice towards which group of images to 

choose was not significantly influenced by the speaker’s manner of delivery.  

 

 
Figure 5.17 (Top panel) Two time-curves showing average distance (in pixels) from 

the mouse pointer to the horizontal centre line across 101 time-steps by manner of 

delivery (disfluent/fluent); (Bottom panels) BDOTS results of curve differences 

between conditions (disfluent/fluent) in Experiment 2.   

 

Focusing on the disfluent condition only, a second analysis was performed. The 

data was fit using a logistic function, to compare the curve differences between 

participants clicking on the larger-number images (Four-/All-cross) and those clicking 

on smaller-number images (Top panel in Figure 5.18). 

In the fitting stage, 28 curves had good fits with AR1 (R2 >= .95), 94 curves had 

good fits without AR1, 7 curves had reasonable fits with AR1 (R2 >= .80) and 172 

curves had reasonable fits without AR1. In the bootstrapping stage, autocorrelation of 

the t-statistics was 1 and the adjusted alpha was calculated to be 0.0325. Again, there 

showed no significant time period of differences (Bottom panel in Figure 5.18), 
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indicating that following disfluent utterances, participants’ mouse-movements towards 

either group of images do not differ significantly over time. 

 

 
Figure 5.18 (Top panel) Two time-curves showing average distance (in pixels) from 

the mouse pointer to the horizontal centre line across 101 time-steps by whether the 

final click choice is larger-number group (Four-/All-cross images) or smaller-number 

group (Zero-/Two-cross images); (Bottom panels) BDOTS results of curve differences 

between final click choices on images with larger numbers (Four-/All-cross) and on 

images with smaller numbers (Zero-/Two-cross) in Experiment 2.   

 

5.4 General discussion 
 The current study investigates how a speaker’s manner of delivery influences 

listeners’ real-time processing of the ambiguous scalar quantifier some. By varying the 

context and paradigm used in Loy et al. (2019), the current two web-based mouse-

tracking tasks were to test whether the pragmatic role of disfluency in processing some 

retains, and to explore further the nature of this contextual effect of disfluency: whether 

it is a speaker-modelling action of social reasoning or a heuristic connection of 

disfluency and lying. The mouse-tracking results reported here show a similar effect 
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of disfluency on listeners’ interpretations of some, relating disfluency to a socially 

undesirable meaning: participants are more likely to select images with larger values 

of disqualifications following disfluent utterances. These response patterns are 

compatible with the suggestion that disfluency acts as a pragmatic cue in a social 

context with some made by Loy et al. (2019). 

Moreover, this pragmatic effect of disfluency is achieved via listeners 

considering speaker’s communication goals rather than listeners heuristically relating 

disfluency to a speaker’s lying behaviour. Taken together the clicking patterns in both 

experiments, not choosing the lower-end extreme numeric value “zero” at all (in 

Experiment 2) suggests that participants were not choosing the extreme upper bound 

meaning of some, “all” merely via heuristically relating disfluency to lying, but 

reasoning according to the given context. 

Regarding the time-course of processing, differences in participants’ mouse 

movements between disfluent and fluent conditions show that listeners take the 

contextual information involved in disfluency rapidly, almost as soon as the onset of 

audio. For those eventually clicking on larger values, their mouse movements 

following disfluent utterances significantly diverge from the movements in fluent 

utterances rapidly after the disfluency onset.  

The significant time differences between people clicking on images with larger 

numbers and those clicking on smaller-number images indicates that in this given 

context, listeners are faster to move to a larger-value compared to a smaller-value. 

This pattern corresponds to the choice bias discussed in previous literature (Bonnefon 

et al., 2009; Feeney & Bonnefon, 2013), indicating again that in a social context with 

a potential facial loss involved, people are biased toward a more socially undesirable 

interpretations of ambiguous scalar words.  

This study adds up to the findings of Loy et al. (2019) by providing a scale of 

interpretations of some, as well as applying a direct display to avoid noise in cognitive 

effort on processes other than interpreting some. More importantly, a conceptual 

replication of a previous visual world paradigm in Loy et al. (2019), the current study 

shows the possibility of applying a mouse-tracking-only paradigm in exploring real-

time language processing via an easy implementation and quick recruitment of 

participants. Also, with four images presented in four quadrants of the screen display, 

the current study applies a more complicated mouse-tracking paradigm compared to 

the commonly used two-image mouse-tracking paradigm. In this way, more trajectory 
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analysis methods are encouraged to be explored for studying the time-course of 

processing.  

The two mouse-tracking experiments suggest a pragmatic effect of disfluency 

in facilitating listeners’ processing of ambiguous scalar quantifier via modelling the 

speaker’s communication goals in a given context. The current findings leave room for 

exploring the effect of disfluency in different social contexts and in processing of other 

ambiguous scalar words, such as a few, likely, etc. 

 

5.5 Conclusions 
 This chapter reported two mouse-tracking experiments investigating the effect 

of disfluency in listeners’ real-time processing of ambiguous scalar quantifier some. 

Following disfluent utterances, listeners associate some with larger values, showing a 

bias towards a socially undesirable meaning of some in the given context. Even though 

the current result corresponds to the findings in Loy et al. (2019), questions remain 

about whether this bias towards larger-value literal interpretation is indeed a pragmatic 

effect of disfluency, or it is merely an association between disfluency and a literal 

interpretation of some in any context. Experiment 3 and 4 (Chapter 6) investigates 

further on the nature of this social reasoning process cued by disfluency’s pragmatic 

effect. 
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Chapter 6 
When some is less: Disfluency in context 
 
 

6.1 Introduction 

When interpreting an utterance in daily conversation, listeners not only take into 

consideration what is said, but also how it is said. For example, disfluencies produced 

in spontaneous speech such as fillers like uh or um have been shown to affect the 

inferred meaning of an utterance (Bonnefon, Dahl, & Holtgraves, 2015; Loy, Rohde, & 

Corley, 2017). However, it is not yet clear how listeners alter their unfolding 

interpretation of an utterance when encountering disfluency. In particular, it is not clear 

whether disfluency has an attentional effect or whether context interacts with 

disfluency in processing to affect interpretation more directly. Following the findings in 

Chapter 5, we introduce two additional web-based mouse-tracking experiments here. 

These two experiments are designed to further evaluate the influence of context on 

listeners’ online interpretations of ambiguous statements over time. In this chapter, our 

first experiment establishes that context has a specific role to play in the interpretation 

of disfluent utterances, and our second investigates the way in which meaning is 

established when these utterances are disfluent:  Whether listeners take disfluency as 

a sign of speaker deception, or as a sign of a more subtle speaker tactic of 

communicating a true but strategically selected meaning of an utterance.   

The experiments capitalise on the broad ambiguity represented by the scalar 

quantifier some. Consider the following exchange (1) between two speakers: 

 

(1) A: “How many oreos have you eaten?” 

B: “I have eaten some oreos.” 
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Potential interpretations of B’s answer vary from ‘I have eaten some and 

possibly all of the oreos’, the semantic meaning, to ‘I have eaten some but not all of 

the oreos’, the pragmatically-strengthened meaning. Importantly, these interpretations 

of some depend on linguistic context (Breheny, Katsos, & Williams, 2006; Politzer-

Ahles & Husband, 2018). People’s preference for the pragmatically-strengthened 

interpretation varies depending on the preceding context: Self-paced-reading results 

show that the ‘some but not all’ interpretation is favoured when it is in answer to a 

question such as “Have all the students passed the exam?” compared to when it is 

used to answer “How many students have passed the exam?” (see Politzer-Ahles & 

Husband, 2018). With the former question, the focus on whether ‘all’ is true facilitates 

the readers’ understanding of the pragmatic, ‘not-all’, interpretation of the meaning of 

some.  

Besides the linguistic context, the interpretation of some may also depend on 

social context and the manner of delivery. In a study using written vignettes describing 

spoken interactions, Bonnefon et al. (2015) suggested that comprehenders could take 

silent pauses as a cue which shifts expectations towards a less socially desirable 

meaning. The study manipulated whether or not a silent pause was included before a 

speaker uttered a face-threatening expression (see an example in (2) below) and 

asked participants to judge the speaker’s meaning, by rating the likelihood that the 

reply endorsed the socially undesirable meaning (i.e., all people hated your idea).  

 

(2) Yesterday, you pitched an idea to a group of five persons. Today, you ask 

Bob (who was in the group) what people thought of your idea. Bob <stays 

silent for a few seconds>. Then he replies: “Some people hated your idea.”   

 

The socially undesirable meaning was rated as more likely when the speaker 

was described as remaining silent before speaking, perhaps because participants 

inferred that a speaker may wish to convey to the listener the more charitable ‘some 

but not all’ meaning, but their silence suggests that this strategic use of some is 

concealing a less desirable ‘some and in fact all’ meaning. Bonnefon et al.’s finding 

indicates that within a relevant context, the eventual interpretation of some depends 

on the manner in which the speech is delivered. 

The effects that Bonnefon et al. (2015) found hold for online processing of 

spoken language as well. Manipulating the speaker’s manner of speech, Loy et al. 
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(2019) used an eye-tracking paradigm to establish that, in a situation where ascribing 

higher values to some is socially undesirable (‘I ate some and possibly all oreos’), 

listeners were more likely to make an early commitment to the semantically-licensed 

interpretation that all the oreos had been eaten when the speaker was disfluent (“I ate, 

uh, some oreos”). 

Although Bonnefon et al. and Loy et al. accounted for their findings in terms of 

social desirability, the tendency to interpret some as more likely to mean ‘all’ could 

have arisen from a simple attentional bias. Disfluencies have been found to heighten 

listeners’ attention, affecting how listeners process spoken language. Listeners pay 

special attention to and are more likely to recognise having heard the words preceded 

by disfluencies (Corley, MacGregor, & Donaldson, 2007; Collard, Corley, & MacGregor, 

2008). Following disfluency, listeners’ attention may be oriented to the core, literal 

meaning of the word some, which would make the semantic interpretation of some 

more salient. If this heightened attention account holds, the effect of disfluency on 

listeners’ interpretations of the word some should always favour the semantic 

interpretation, regardless of the given context.  

However, if Bonnefon et al. and Loy et al. are correct in that spoken manner 

influences listeners’ pragmatic interpretation of utterances, we might expect to see 

people understand some differently depending on the social reasoning associated with 

different contexts. Note that Bonnefon et al.’s (2015) and Loy et al.’s (2019) studies 

used social contexts where the semantic meaning (‘I have eaten some and possibly 

all oreos’) is also the socially undesirable meaning, and these studies therefore cannot 

distinguish the attentional and social accounts. The present study introduces a 

different social context where, critically, the socially undesirable meaning is now the 

pragmatically-strengthened interpretation of some and the semantic ‘some and 

possibly all’ meaning is thus expected to be the one that a speaker would prefer to 

convey. The goal is to disambiguate the two posited accounts of listeners’ 

interpretation of some (a simple bias arising from heightened attention versus context-

sensitive social reasoning). 

 

6.1.1 The present study 

We measured the online interpretation of some using a mouse-tracking 

technique in a web-based task. The social context used in the current two experiments 
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was a job interview for a research assistant position. Specifically, we used as a set-up 

a series of recorded interviews where participants heard conversations like (3), which 

manipulated whether the interviewees were disfluent or not when answering (“I’ve got 

some ‘A’s” vs. “I’ve got, uh, some ‘A’s”). 

 

(3) Interviewer: “How many ‘A’s have you got for your psychology modules?” 

Interviewee: “I’ve got some ‘A’s.” (fluent) or 

                           “I’ve got, uh, some ‘A’s.” (disfluent) 

 

In each of two web-based clicking tasks, participants saw four images on the 

screen with different numbers of interviewee qualifications (represented by numbers 

of ‘A’ grades, or number of ticks for other qualifications) while hearing the interview 

audios.  The qualifications refer to things that are desirable in the given context of job 

interview, such as the number of ‘A’ grades or the number of languages one can speak. 

In Experiment 3, one of the images depicted one qualification as an available option 

for interpretation. Even though ‘one’ is not a usual interpretation of some, it maps on 

to the lower-bound meaning of some (i.e., ‘at least one’). This number was included to 

test whether it was possible for participants to extend the meaning of some to its 

absolute lower bound (‘some but not all, in fact only one’), given a context that supports 

the relevant social reasoning. For example, in the current context where more 

qualifications are favoured, an interviewee might use some as a potential ‘vague 

exaggeration’ of the one ‘A’ qualification they have actually attained.  

We recorded participants’ mouse movements throughout the experiment 

session, measuring for each trial both their clicks (i.e., which image was clicked) and 

these trajectories of the mouse movements made before each click. If the heightened 

attention account predicts the real-time processing of some, we expect to see results 

similar to those of Loy et al. (2019) and to those in Chapter 5, with preference towards 

images compatible with the semantic ‘some and possibly all’ interpretation following 

disfluency, despite the use of an interview context with a different social bias. However, 

if listeners’ interpretations of some are driven by social reasoning, participants are 

expected to interpret disfluency as indexing the less desirable interpretation of some 

according to the specific social context. In our case, the pragmatic ‘some but not all’ 

interpretation is less desirable in the interview context. Accordingly, under this account, 
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we would predict more final clicks on and early mouse moving towards images 

depicting fewer qualifications following disfluent compared to fluent utterances. 

 

6.2 Experiment 3 

6.2.1 Method 
6.2.1.1 Participants 

One hundred and fifty (Female: 90, Male: 57, Non-binary: 3) self-reported 

native English-speakers were recruited via Prolific Academic, and each participant 

was compensated £2 for a task that was estimated to take 15 minutes (£8/h). An 

additional 29 participants were tested but their data were not included in our analyses, 

because these participants (1) failed to finish the whole experiment session, (2) took 

more than 40 minutes to finish the whole session (this time limit is based on pre-tests 

with non-native English speaker participants), or (3) failed one or both attention checks. 

All participants were between 18 and 35 years old, with normal or corrected-to-normal 

vision, and with no self-reported hearing difficulties. Every participant provided 

informed consent by clicking a button on an information page at the beginning of 

experiment, in accord with the University Research Ethics Committee approval 

(reference number: 84/2021-6). 

 

6.2.1.2 Material and experiment design 

We conducted a within-subjects experiment, manipulating the presence of 

disfluency (present vs. absent) in critical trials. Each participant listened to 6 interviews, 

each comprising 6 exchanges between an interviewer and one of 6 interviewees. Each 

exchange constituted one trial, and was associated with a set of four images (Figure 

6.1). All of the interviews comprised exchanges on the same six topics, using the same 

6 sets of four images. Within each interview, 2 of the exchanges were critical trials; 

one each with a fluent or disfluent response from the interviewee. Over the six 

interviews, each type of qualification served once as a critical disfluent and once as a 

critical fluent item, so that each participant encountered 12 critical trials (6 disfluent). 
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Figure 6.1 Displays for two target trials in Experiment 3 (Left panel: interviewer 

asking “How many ‘A’s have you got for your psychology modules?” and interviewee 

answering “I’ve got [uh] some ‘A’s”; Right panel: interviewer asking “How familiar are 

you with the listed languages?” and interviewee answering “I can speak [uh] some of 

them.”) 

 

6.2.1.3 Visual stimuli 

Six sets of images indicating counts of qualifications corresponding to six 

interview questions were used as potential referents in the experiment. The six 

questions concerned the following qualifications: Q1: Number of good grades in the 

psychology modules in the university; Q2: Number of the training courses taken before 

application; Q3: Number of criteria the participant meets for the standard of the 

application; Q4: Number of languages the participant is familiar with; Q5: Number of 

the lab’s previous projects the person is familiar with; Q6: Number of completed 

recommended reference books. 

In each target trial, participants saw four images with one, two, four, or all (five) 

qualifications – number ‘A’s versus ‘F’s (green versus red) or number of ticks marked 

in green with the remainder marked with a cross in red (as the right panel in Figure 

6.1). In one case, green “A”/red “F” was used (as in Figure 6.1). For convenience, 

these images will be further referred to as one-tick, two-tick, four-tick and all-tick. In 

response to each interview question, more ticks or ‘A’s in the images represent a 

higher number of qualifications. Images always appeared in fixed locations (one-tick 

top left, two-tick top right, four-tick bottom left, all-tick bottom right). 
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6.2.1.4 Audio Stimuli 

For every participant, the whole experiment session included six complete 

interviews. Every complete interview comprised six conversations between the 

interviewer and an interviewee, where two of the six conversations were critical trials 

and the remaining four were filler trials, used to reduce the chance that participants 

would notice the experimental design. In total, every participant heard 36 exchanges, 

including 12 critical and 24 filler ones. 

Recording of audio stimuli was approved by the University Ethics Committee 

with the reference number 119/2021-2. Six native British English speakers (three 

males and three females) recorded the interviewee scripts, and one native American 

English speaker recorded the interviewer script. 

In critical trials, the recorded interviewees’ answers included some in either the 

disfluent or fluent condition. Interviewees’ answers in filler trials contained no use of 

the disfluency uh or the word some, but included other forms of disfluency (e.g., 

repetition, prolongation, ‘like’, ‘hmph’, etc.) and other expressions of amount15 (e.g., 

‘almost’, ‘most of’, ‘more/less than’, ‘at least’, ‘around’, ‘a few’, ‘approximately’, ‘not 

much’, etc.). For example, the interviewee’s answer in a filler trial about the number of 

training courses taken is “Actually, due to the time limit, I, I, I only took a few of them”, 

using repetition as a disfluency indicator and ‘a few’ to indicate the amount. 

The interviewer and interviewee recordings were made online via a browser-

based recording tool implemented in JavaScript.16  Step-by-step instructions were 

provided to speakers on how to use the recording website, with details to pay attention 

to before and during recording. Speakers were asked to record each sentence at least 

three times, which made it possible for the experimenters to choose the most natural 

utterances. 

The collected recordings were further edited using Audacity (version 2.4.2). In 

two cases, fluent and disfluent recordings sounded quite different (with obvious 

intonation differences), and a disfluent uh was inserted into a fluent recording; in two 

cases the uh was excised from disfluent recordings to produce the fluent recordings 

participants had forgotten to record. 

 
15  As in Experiment 1-2 in Chapter 5, fillers did not mention specific numbers. 
16 Recordings were made during the Covid-19 pandemic under UK social distancing regulations. 
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The remaining recordings were all edited in the following way: for fluent 

utterances, the most natural version was chosen and used; for disfluent utterances, 

the most natural disfluency uh was extracted from one disfluent utterance and was 

added to the other disfluent utterance (replacing the original uh), so that the two critical 

trials in the same interview had the same disfluency uh. For fillers, no editing was 

applied. 

 

6.2.1.5 Procedure 

Participants completed the experiment, implemented in JavaScript using 

jsPsych (De Leeuw, 2015) online. Once they had read the welcome page, they clicked 

the start button and answered five demographic questions. The main mouse-tracking 

experiment session started with a trial in which the audio instructed participants to click 

on a specific image. This was designed to familiarise participants with the experiment, 

as well as to test that they could easily understand the audio, leaving time for them to 

adjust the volume as required. Following the audio check, a brief instruction page 

reviewed the cover story for the study and explained the experimental procedure.  

The flow of the experiment is shown in Figure 6.2. At the start of each trial, 

participants clicked a central Ready button, which ensured that the pointer was at the 

centre of the screen. After clicking the Ready button, four images appeared on the 

screen, corresponding to four possible interpretations of the interviewee’s answer. 

After 2000ms, the first part of the audio (interviewer question) was played. During this 

part of the audio, participants could move the pointer using the mouse, but clicks (on 

any of the four images or elsewhere) were not registered.  

Once the interviewee’s response started playing, participants were able to click 

on any of the four images as soon as they wished. If no click was made within 10s of 

the interviewee audio offset, the trial timed out and the screen automatically showed 

the ‘Ready’ button indicating the start of the next trial. 
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Figure 6.2 Flow of each trial in the mouse-tracking experiment. 

 

Two attention-check trials were included in the middle (after the third interview 

conversation) and at the end (after the last interview) of each participant’s session. In 

these trials the interviewer gave straightforward information indicating which image 

should be clicked. For example, in the middle attention check trial, the interviewer said, 

“Among the candidates we have interviewed so far, I’m thinking about ruling out the 

one who knows the least about our lab” such that the interviewer question uniquely 

determined the answer (left-bottom image in Figure 6.3).  
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Figure 6.3 Attention-check trial example (mid-attention-check). 

 

The mouse-tracking stage finished with a second attention-check trial, after 

which participants were directed to a Qualtrics questionnaire page, where they 

answered questions about the experiment and were asked if they had noticed what 

the experiment was about. 

For each experimental item, we recorded the mouse pointer position over the 

time as well as the identity of the object clicked. 

 

6.2.2 Results 

Data and analysis scripts are available at https://osf.io/m59u3. Prior to analysis, 

data from filler trials, as well as practice and attention-check trials, were removed. All 

the statistical analyses were carried out in R version 4.2.3 (R core team, 2023). In the 

following analysis, an effect with p-value less than 0.05 or absolute t value larger than 

2 (following Baayen, 2008) is regarded to be significant.   

 

6.2.2.1 Final object click 

Click results 

https://osf.io/m59u3/?view_only=24a2c35c34d44a60b7d38de4c4778c36
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Total numbers of clicks on each image by condition (disfluent/fluent), as well as 

the percentages of participants clicking on each image in each condition, are shown 

in a bar plot presented in Figure 6.4.  

 

 
Figure 6.4 Bar plot showing total number and distribution of mouse clicks recorded 

on each image (One-tick, Two-tick, Four-tick, or All-tick) by manner of delivery 

(disfluent/fluent). 

 

For the disfluent compared to the fluent conditions, there were fewer clicks on 

two- and four-tick images, but more clicks on the one-tick image. Clicks on the one-

tick image were modelled using a mixed-effects logistic regression with one fixed effect 

for the within-participant and within-item predictor, the manner of delivery (fluent vs. 

disfluent), and random effects with by-participant and by-item random intercepts and 

slopes. Participants were more likely to click on the one-tick image following a disfluent 

utterance compared to a fluent utterance (β = 8.074, SE = 0.591, p < 0.001). This 

response pattern is in keeping with the predictions for the social reasoning account, 

suggesting that the presence of disfluency does indeed bias interpretation in favour of 

the socially undesirable meaning, here the pragmatic ‘some but not all’ interpretation 

of some. 
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Time taken to click 

After hearing the critical word some, the time participants took to click their final 

pick of image is shown in Figure 6.5. We grouped participants’ choices into two groups: 

clicks on the one-tick image and clicks not on the one-tick image.  

 

 
Figure 6.5 Average time to click (relative to the onset of critical word some) on each 

group of choices (clicks on the one-tick image; clicks not on the one-tick image) by 

manner of delivery (disfluent/fluent). Error bars represent ±1 SE of the mean clicking 

time. 

 

The overall time participants spent in deciding which image to click, relative to 

the onset of some17, was modelled using a linear mixed effects regression. The model 

included the fixed effects for the manner of speech (fluent vs. disfluent), whether the 

participant clicked on a one-tick image, and their interaction. Additionally, the model 

accounted for random effects with by-participant random slopes for clicks on one-tick 

 
17 We calculated overall reaction time relative to the onset of some here to avoid the length feature of 
different audios influencing the statistical results. As some items’ audios were originally longer than the 
others, therefore participants’ reaction time hearing those audios was expected to be longer in nature. 
Time-locking the overall time to the onset of some was to eliminate this influence. 
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images and random intercepts, as well as by-item random slopes for disfluency and 

random intercepts. For participants who eventually clicked on the one-tick image, they 

took significantly longer to decide and click after hearing some in fluent condition 

compared to in disfluent condition (β = 531, SE = 228, t = 2.33). This pattern of 

response time, coupled with participants’ clicking patterns, is also keeping in with the 

predictions of social reasoning account, suggesting that the presence of disfluency 

biases a socially undesirable interpretation, affecting both the choice of the image 

clicked and the time taken to make the decision. 

 

6.2.2.2 Mouse movements 

The mouse-tracking data obtained from all 150 participants were processed 

prior to conducting the analysis. For each trial for each individual, mouse trajectories 

were time-normalised into 101 time-steps (following Dale, Kehoe, & Spivey, 2007 and 

Spivey, Grosjean, & Knoblich, 2005). Step 0 represents the onset of the interviewee 

audio and step 100 corresponds to the time point when the participant made the click. 

All movements were calculated relative to an origin (0,0) which represented the centre 

of the screen. 

Participants’ mouse trajectories towards each image in each condition 

(disfluent/fluent) are shown in Figure 6.6. Each line represents the average trajectory 

of the mouse pointer, starting at the onset of the interviewee’s response and ending 

when an image is clicked. Coloured points indicate relative time. The colours (from red 

points at the centre of the screen to violet in each corner) indicate each 10% of 

trajectory time. 
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Figure 6.6 Aggregated mouse trajectories towards four images (one-, two-, four-, 

all-tick) by condition (disfluent/fluent), and the colours of points (from red points at the 

centre of the screen to violet in each corner) indicate 10%, 20%, 30%...100% of trial 

time. Note that the disfluent condition is represented with the grey line with round 

points in relatively lower saturation, and the fluent condition is represented with the 

black line with triangle points in normal saturation. 

 

The all-tick image was only selected in one trial. As can be seen in Figure 6.6, 

the pointer trajectories for two- and four-tick images show similar patterns in each 

condition, both in terms of path and in terms of distance over time. However, the 

patterns of mouse movements in which participants eventually click on the one-tick 

image show obvious differences between conditions. Participants appear to move 

faster and more directly towards the one-tick image in the disfluent condition. In the 

fluent condition, they make hesitant movements towards other images, taking more of 

the period between the onset of the interviewee’s response and their own mouse click 

to make a decision to move towards, and eventually click, the one-tick target. 
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6.2.2.3 Mouse trajectory analysis 

To further explore differences in pointer trajectories between disfluent and fluent 

conditions, we used the Bootstrapped Differences of Timeseries (BDOTS) package 

(version 1.2.5, Nolte, Seedorff, Oleson, Brown, Cavanaugh, & McMurray, 2023) in R 

to analyse our mouse-tracking data. BDOTS is a statistical method which is designed 

to estimate the time window during which two time curves differ (see Oleson, 

Cavanaugh, McMurray, & Brown, 2017; Seedorff, Oleson, & McMurray, 2018 for 

details). Its ability to detect subtle differences in the temporal dynamics of mouse 

movements makes it suitable for investigating real-time processing. 

To perform this analysis, we created a distance variable, which represents the 

perpendicular distance from each mouse point to the diagonal line formed by joining 

the centres of the two- and four-tick images, henceforth referred to as the two-four 

diagonal line (see Figure 6.7). We chose this diagonal line as a reference line because 

the two- and four-tick images both represent meanings that are compatible with the 

pragmatic (some-but-not-all) meaning of some and are the most clicked choices. The 

perpendicular distance from this line, therefore, depicts the extent to which a 

participant moves away from common, plural, understandings of some. In this sense, 

analysing this distance over time allows us to map listeners’ non-plural tendencies 

when hearing disfluent/fluent utterances.18 

 

 

 
18 We appreciate that movements towards items at the bottom right (all-tick) represent a plural 
interpretation of some (as “all”).  However, since all-tick was only selected in one instance, “non-plural” 
seems to be the most useful term to use for expositional purposes. 

perpendicular 

distance 

mouse point 

Two-Four 
diagonal line 
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Figure 6.7 A visual representation of the perpendicular distance from a given 

mouse point to the diagonal line formed by two- and four-tick image. 

 

 The processed data were fit using a logistic function to compare the difference 

of curves for disfluent and fluent conditions (Top panel in Figure 6.8), regardless of 

where the final clicks are. In the fitting stage, 6 curves had good fits with AR1 

(R2 >= .95), 22 curves had good fits without AR1, 3 cusrves had reasonable fits with 

AR1 (R2 >= .80) and 58 curves had reasonable fits without AR1. In the bootstrapping 

stage, autocorrelation of the t-statistics was 0.994 and the adjusted alpha was 

calculated to be 0.00931. We found regions of significance starting from time step 27 

to the end of the trial time (Bottom panel in Figure 6.8).  
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Figure 6.8 (Top panel) Two time-curves showing average perpendicular distance 

(in pixels) from the mouse pointer to the two-four diagonal line across 101 time steps 

by disfluency conditions; (Bottom panel) BDOTS results of curve differences between 

conditions (disfluent/fluent) highlighting the significant time period of differences in 

Experiment 3. 

 

The BDOTS analysis shows that participants were faster to move away (in 

perpendicular distance) from the two-four diagonal line in the disfluent compared to 

the fluent condition. It indicates that following disfluent utterances, listeners are more 

likely to select a non-plural meaning of some (higher asymptote) and to make that 

decision quickly (steeper slope). In particular, differences between conditions emerge 

at step 27 in the mouse trajectory. 

Looking at the disfluent condition in isolation, we further explored the mouse 

trajectories dependent on where participants eventually clicked. Data in the disfluent 

condition were fit using a logistic function to compare the distance metrics between 

those clicking on the one-tick image (noted as singular image) and those clicking on 

other images (plural images) (Top panel in Figure 6.9). 

In the fitting stage, 11 curves had good fits with AR1 (R2 >= .95), 34 curves had 

good fits without AR1, 5 curves had reasonable fits with AR1 (R2 >= .80) and 87 curves 

had reasonable fits without AR1. In the bootstrapping stage, autocorrelation of the t-

statistics was 0.997 and the adjusted alpha was calculated to be 0.0139. We found 

regions of significance starting from time step 36 to the end of the trial time (Bottom 

panel in Figure 6.9).  
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Figure 6.9 (Top panel) Two time-curves showing average perpendicular distance 

from the mouse pointer to the two-four diagonal line across 101 time steps by where 

the final click is singular (one-tick) or plural (two-, four-, all-tick) images; (Bottom panel) 

BDOTS results of curve differences between final clicks on singular option (one-tick 

image) and plural options (two-, four-, all-tick images) with the significant time period 

of differences highlighted and average disfluency onset noted (at around step 30) in 

Experiment 3. 

 

Mapping the results within the disfluent condition on to actual timings of mouse 

movements shows that the non-plural tendency emerged quite quickly: When 

participants encountering disfluency decided to click the one-tick image, their mouse 

movements diverged around 355ms after average disfluency onset. This indicates that 

Average 
disfluency 

onset 
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individuals decided to click on the one-tick image almost as soon as they heard the 

disfluency.  

 

6.2.3 Discussion 

Experiment 3 builds on prior work which has established an effect of disfluency 

on the interpretation of some, but we introduce an alternative context for which the 

heightened attention and social reasoning accounts make different predictions. 

Specifically, we tested whether disfluency preceding some caused listeners to pay 

increased attention to the literal meaning of ‘some and possibly all’, or whether 

listeners tended to interpret some in a social context, with disfluency heightening the 

salience of a socially undesirable interpretation.  

Experiment 3 supports the social reasoning account in two ways. First, in a 

context where it is desirable to have more qualifications, disfluency biases towards 

socially undesirable pragmatic interpretations of some which imply smaller numbers. 

In fact, it would appear that the meaning of some is stretched, in that participants 

accepted an interpretation where some was associated with the meaning ‘one’ in 17% 

of disfluent and 8% of fluent trials. Taken together with the findings from Loy et al. 

(2019), this suggests that listeners take the social context into account when reasoning 

about scalar quantifiers such as some. Second, this reasoning happens very quickly: 

Where utterances are disfluent, listeners who are going to choose the one-tick image 

make the decision to select that target within 355ms, and initiate their mouse 

movements appropriately. Where the utterances are fluent, they are more hesitant, 

making early mouse movements which suggest that the two-tick interpretation of some 

is initially in contention. 

However, even though the value of one is compatible with some (in its ‘at least 

one’ meaning), interpreting some as meaning one is still an unexpected finding. This 

leaves open an alternative interpretation, which Experiment 4 aims to explore. 

 

6.3 Experiment 4 
 

Experiment 3 shows that social reasoning, together with manner of delivery, 

can affect the ways in which listeners interpret the meaning of some. However, the 
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surprising finding that clicks on one-tick targets became more frequent following 

disfluent utterances raises the question of how that meaning emerges. On the one 

hand, comprehenders could be using a stretching strategy: Disfluency in context 

causes them to stretch the meaning of some to the lowest possible boundary 

compatible with the meaning of some (‘at least one’). On the other hand, listeners 

might decide that a disfluency can overwrite the meaning of some in the right context, 

perhaps because disfluent filled pauses, specifically um and uh, have been shown to 

act as cues to deception (DePaulo, Rosenthal, Rosenkrantz, & Green, 1982; Loy, 

Rohde, & Corley, 2016). If the listener infers that the speaker is being deceptive, they 

may be able to ignore the meaning of some entirely. 

To distinguish these two possibilities, Experiment 4 replicated Experiment 3 

with one change to the design. In Experiment 4, the one-tick images were replaced 

with zero-tick images. The number zero is not compatible with any meaning of some. 

If listeners are still making interpretations based on the meaning of some, as supposed 

by the stretching account, we would not expect to see clicks on the zero-tick image. 

However, if listeners are overwriting some when speakers in this experiment are 

disfluent, they may click on the zero-tick image. 

 

6.3.1 Methods 

6.3.1.1 Participants 

We recruited participants and filtered collected data in the same way as for 

Experiment 3. Mouse movement data from one hundred and seventy-three (Female: 

87; Male: 82; Non-binary: 4) self-reported native English speakers recruited via Prolific 

Academic were analysed further, with data from an additional 11 participants ruled out 

(either because they took more than 40 minutes to finish the whole session, or they 

failed one or both attention checks). Participants provided informed consent by clicking 

the “I consent” button on a consent page following the University Research Ethics 

Committee guidelines (reference number: 84/2021-8). 

 

6.3.1.2 Material and experiment design 

As in Experiment 3, we recorded participants’ mouse movements in a web-

based task in which we manipulated Disfluency (present vs. absent) within-subjects in 
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a set of target trials (N=12). For each target trial, participants saw four images with 

four different counts of qualifications displayed on the screen (see Figure 6.10 for 

example trials) and heard recorded interview conversations between an interviewer 

and one of six interviewees. Experiment 4 was implemented in jsPsych version 7.0 

(De Leeuw, 2015). 

 

 
Figure 6.10 Displays of two target trials in Experiment 4, same as Experiment 3 

except that the top left in both panels consists of a zero-qualification image. 

 

6.3.1.3 Audio and visual stimuli 

The audio stimuli from Experiment 3 were used in Experiment 4. For the visual 

stimuli, participants saw four images from one set with zero, two, four or all (five) 

qualifications marked with green ticks and red crosses (green “A” and red “F” in one 

case). As in Experiment 3, the images always appeared in fixed locations (with zero-

tick on the top left, two-tick top right, four-tick bottom left and all-tick bottom right). 

 

6.3.1.4 Procedure 

Other than the use of zero-tick in place of one-tick images, the procedure was 

identical to that for Experiment 3. 

 

6.3.2 Results 

We analysed the data from Experiment 4 in the same way as for Experiment 3, 

in R version 4.2.3 (R core team, 2023). Filler trials, practice trials and attention-check 

trials were removed prior to analysis. 
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6.3.2.1 Final object click 

Click results 

Figure 6.11 shows the total numbers, as well as the percentages, of clicks on 

each image by condition (disfluent/fluent). Similar to the clicks in Experiment 3, 

participants’ responses suggest a general bias towards a non-plural option cued by 

disfluency: Following disfluent utterances compared to fluent utterances, people 

clicked more on the zero-tick image (19% vs. 6%) and less on two- and four-tick 

images (81% vs. 93%). As in Experiment 3, where clicks on the one-tick image 

increased by 10% following disfluency, participants’ choices are influenced by 

speakers’ manner of speech (β = 11.83, SE = 0.62, p < 0.001). This response pattern 

is in keeping with the predictions of the overwriting account, suggesting that the 

presence of disfluency allows participants to consider the zero-tick interpretation of 

the interviewee’s utterance, which is incompatible with standard meanings of some. 

 

 
Figure 6.11 Bar plot showing total number and distribution of mouse clicks 

recorded on each image (Zero-tick, Two-tick, Four-tick, or All-tick) by manner of 

delivery (disfluent/fluent). 
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Time taken to click 

After hearing the critical word some, the time participants took to click their final 

pick of image is shown in Figure 6.12. As in Experiment 3, we grouped participants’ 

choices into two groups: clicks on the zero-tick image and clicks not on the zero-tick 

image.  

 

 
Figure 6.12 Average time to click (relative to the onset of critical word some) on each 

group of choices (clicks on the zero-tick image; clicks not on the zero-tick image) by 

manner of delivery (disfluent/fluent). Error bars represent ±1 SE of the mean clicking 

time. 

 

The overall time participants spent deciding which image to click, relative to the 

onset of some, was modelled using a linear mixed effects regression. The model 

included the fixed effects for the manner of speech (fluent vs. disfluent), whether the 

participant clicked on a zero-tick image, and their interaction. It also accounted for 

random effects with by-participant and by-item random slopes for the manner of 

speech and random intercepts. Consistent with the response time pattern observed in 
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Experiment 3, participants who eventually clicked on the zero-tick image took 

significantly longer time to decide and click after hearing some in fluent condition 

compared to the disfluent condition (β = 497, SE = 206, t = 2.42). Moreover, following 

a disfluent utterance, those who did not click on zero-tick images responded 

significantly faster to response compared to those who eventually clicked on the zero-

tick images (β = -471, SE = 116, t = -4.06). Importantly, there was a significant 

interaction effect between the manner of speech and whether participants clicked on 

a zero-tick image, indicating that in both the disfluent or fluent conditions, not clicking 

on the zero-tick image reduced response time (β = -428, SE = 211, t = -2.03). Despite 

the clicking results indicating a response pattern consistent with the predictions of the 

overwriting account, this response time pattern further reveals that participants took 

longer to decide and click on a zero-tick image compared to other images. The longer 

response time for zero-tick images encourages a further exploration of participants’ 

detailed mouse movements. 

 

6.3.2.2 Mouse movements 

 We processed the collected mouse-tracking data from all 173 participants 

following the same two key steps as in Experiment 3. Although participants appeared 

willing to interpret some as ‘zero’, inspection of their mouse movements suggest that 

the processes underlying this decision differ from those which underlie an 

interpretation of some as meaning ‘one’. Figure 6.11 shows participants’ average 

mouse trajectories towards each image for fluent and disfluent items. The colours of 

the points (from red to violet) each indicate 10% of the trial time. We consider the 

trajectories for fluent versus disfluent conditions in the cases where participants chose 

either the one-tick interpretation (Experiment 3) or zero-tick interpretation (Experiment 

4).  When ultimately clicking on the one-tick image (top-left panel in Experiment 3, see 

Figure 6.5), participants show hesitant and less direct movements when the utterance 

is fluent. However, when ultimately clicking on a zero-tick image (top-left panel in 

Experiment 4, see Figure 6.13), participants show hesitant movement towards other 

images in both conditions. 

 



 117 

 
 

Figure 6.13 Aggregated mouse trajectories towards four images (zero-, two-, four-, 

all-tick) by condition (disfluent/fluent), and the colours of points (from red points at the 

centre of the screen to violet in each corner) indicate 10%, 20%, 30%...100% of trial 

time. Note that the disfluent condition is represented with the grey line with round 

points in relatively lower saturation, and the fluent condition is represented with the 

black line with triangle points in normal saturation. 

 

6.3.2.3 Mouse trajectories analysis 

 Again, we calculated the perpendicular distance between mouse pointers to the 

two-four reference line to indicate the non-plural tendency. Obtained values were fit 

using a logistic function in a BDOTS analysis. We first compared the difference of time-

curves for disfluent and fluent conditions across all items (Top panel in Figure 6.14). 

In the fitting stage, 12 curves had good fits with AR1 (R2 >= .95), 26 curves had 

good fits without AR1, 16 curves had reasonable fits with AR1 (R2 >= .80) and 61 

curves had reasonable fits without AR1. In the bootstrapping stage, autocorrelation of 

the t-statistics was 0.999 and the adjusted alpha was calculated to be 0.0274, showing 

that we failed to find any significant regions where these two time-curves start to differ. 

This result (Bottom panel in Figure 6.14) suggests that, in this experiment where zero-
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tick replaces one-tick image, manner of speech does not significantly influence the 

timing of participants’ choice towards which image to click on. 

 

 
Figure 6.14 (Top panel) Two time-curves showing average perpendicular distance 

(in pixels) from the mouse pointer to the two-four diagonal line across 101 time steps 

by disfluency conditions; (Bottom panel) BDOTS results of curve differences between 

conditions (disfluent/fluent) highlighting the significant time period of differences in 

Experiment 4. 

 

As for Experiment 3, we performed a second analysis, focusing on the disfluent 

condition. We fit the data using a logistic function, to compare the curve differences 

between participants clicking on the zero and those clicking on plural images (Top 

panel in Figure 6.15). 
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In the fitting stage, 25 curves had good fits with AR1 (R2 >= .95), 42 curves had 

good fits without AR1, 20 curves had reasonable fits with AR1 (R2 >= .80) and 90 

curves had reasonable fits without AR1. In the bootstrapping stage, autocorrelation of 

the t-statistics was 0.996 and the adjusted alpha was calculated to be 0.0114. We 

found regions of significance starting from time step 64 to the end of the trial time 

(Bottom panel in Figure 6.15). 

 

 
Figure 6.15 (Top panel) Two time-curves showing average perpendicular distance 

from the mouse pointer to the two-four diagonal line across 101 time steps by where 

the final click is zero (zero-tick) or plural (two-, four-, all-tick) images; (Bottom panel) 

BDOTS results of curve differences between final clicks on zero option (zero-tick 

image) and plural options (two-, four-, all-tick images) with the significant time period 

of differences highlighted and average disfluency onset noted (at around step 36). 

Average 
disfluency 

onset 
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When encountering disfluent utterances, the mouse movements in the trials 

where participants clicking on the zero-tick image diverged at around step 36 from 

those in the trials where other images are clicked. If mapping this time onto actual 

mouse movement timings, this indicates that participants decide to choose the zero-

tick image over the other ones around 1357ms after average disfluency onset, a delay 

compared to the decision point in Experiment 3 (335ms) which suggests that 

overwriting some to mean ‘zero’ may be a slower process than stretching it to mean 

‘one’. 

 

6.4 General Discussion 
The current study explores how listeners’ interpretations of the ambiguous 

scalar quantifier some are influenced by the speaker’s manner of speech. Different 

from the context used in Loy et al. (2019) where larger values are socially undesirable 

(“I ate, uh, some oreos”), we set up a social context where the undesirable meaning 

corresponds to smaller values of some (“I’ve got, uh, some ‘A’s”). The mouse-tracking 

results that we report here show that disfluency has the opposite effect from that 

shown in Loy et al.’s study, reducing the values participants associate with some: We 

found that participants are more likely to select images corresponding to one or zero 

qualifications, following disfluent utterances. These results complement the findings of 

Loy et al. (2019), establishing that both results likely stem from participants’ social 

reasoning about the presence of disfluency in a context with some.   

Moreover, differences in participants’ mouse movement patterns show that 

given the same social context, comprehenders are relatively quick to commit to one 

qualification (Experiment 3) and slow to commit to zero qualifications (Experiment 4). 

This result not only confirms that social context and manner of speech can combine 

to affect the interpretation of some, but also suggests that extending the meaning of 

some to ‘one’ is relatively easy, but overwriting it with ‘zero’ (in effect, deciding that a 

speaker is lying) may be more demanding.  

A potential account of our findings is that both the stretching and overwriting 

strategies are in play when listeners are searching for an interpretation of ambiguous 

some. A context such as that of an interview may set up an expectation that speakers 

could potentially be misleading or deceiving. Bearing possible deception in mind, 
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listeners who encounter disfluency try to push the boundary of the meaning of some 

as low as possible. When the lowest number available is still within the boundary of 

the semantic meaning of some (‘one’), listeners seem to arrive at this associated 

meaning relatively quickly. However, when the available lowest number is not included 

in the meaning of some (‘zero’), listeners hesitate before overwriting the interpretation 

to zero, if they are going to choose that option.  

Critically, our findings emphasise the necessity of looking at the lower bound of 

the meaning of some (‘one’) to truly differentiate whether it is the context or other 

factors influencing listeners’ interpretation of some. Even though the results of 

Bonnefon et al. (2015) and Loy et al. (2019) hint at a potential role of social context in 

interpreting some, these two prior studies focus on the upper bound interpretation (‘all’) 

and fail to rule out the possibility of heightened attention cued by disfluency. With a 

context pushing people’s interpretation to the lower bound meaning of some, the 

current study manages to distinguish the possible accounts and confirms the social 

role of disfluency in interpreting some.  

For both one- and zero- qualification images, there are similarly increasing numbers 

of clicks following disfluent utterances. However, analysis of the real-time mouse 

movement patterns reveals that listeners do not reach these choices via the same 

processes. Instead, in finding evidence that similar behavioural outcomes might be 

achieved by distinct cognitive processes (Hala, Pexman, & Glenwright, 2007; Happé, 

1995; Jolliffe & Baron-Cohen, 2000), we highlight the importance of exploring the 

timecourse of comprehension. 

Experiment 4 demonstrates that, in relevant circumstances, listeners may 

choose to overwrite the meaning of some, although at some cognitive cost relative to 

extending its meaning in Experiment 3. This raises a question concerning studies 

which have varied the salience of all, the upper-bound semantic meaning of some 

(e.g., Breheny, Ferguson, & Katsos, 2013; Breheny et al., 2006; Politzer-Ahles & 

Husband, 2018). Although all is compatible with a semantic interpretation of some, it 

is also feasible that a pragmatic interpretation is simply overwritten (perhaps with literal 

all) in relevant circumstances. Explorations of the upper-bound are unlikely to 

distinguish these accounts (especially without information on the timecourse of 

interpretation). Now that the possibility of overwriting has been raised, and 

demonstrated, it would appear that investigating lower-bound implicatures of some 

may be more profitable. 
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Methodologically, our current study shows the possibility of using a web-based 

mouse-tracking task to explore real-time processing, with the advantage of easy 

implementation and quick recruitment of participants. With four images on the screen, 

our materials were more complex than those in previous mouse-tracking studies (with 

two images located symmetrically).  As such, our study confirms the viability of 

studying more complex visual scenes and of using visualisation and time-course 

analysis of trajectories that go beyond standard methods of analysis for mouse-

tracking data (Spivey, Grosjean, & Knoblich, 2005).  

Our two experiments suggest that manner of speech facilitates listeners’ 

understanding of the scalar quantifier some via a process of social reasoning about 

speakers’ goals, and that this reasoning happens fast, in the early stages of listeners’ 

comprehension. Given the role of social reasoning, these findings open up new 

questions about possible differences in this kind of reasoning across individuals with 

varying pragmatic abilities or across contexts that evoke different conversational goals 

or speaker agendas. 

 

6.5 Conclusions 

This chapter reported two additional mouse-tracking experiments which further 

investigated the pragmatic effect of disfluency in listeners’ real-time processing of 

ambiguous scalar quantifier some. When varying the social context to one where the 

smaller values are socially undesirable, disfluency showed an opposite effect found in 

the experiments in Chapter 5, reducing the values listeners associated with some to 

“one” or even “zero”. The current results are in keeping with an account in which the 

effects of disfluency reflect social reasoning and contrary to one in which such effects 

depend on heightened attention. Moreover, listeners appeared to be quick to commit 

to one qualification (Experiment 3) and slow to commit to zero (Experiment 4), 

suggesting that social context and manner of speech can combine to affect the 

interpretation of some as an utterance unfolds. Extending its meaning to one is 

relatively easy, but overwriting it with zero – in effect, deciding that a speaker is lying 

– is more demanding. Chapter 7 further tests whether listeners’ pragmatic reasoning 

of disfluent utterances varies systematically across individuals. 
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Chapter 7 
Disfluency, Deception,  
and Individual differences 
 
 

Findings in the mouse-tracking experiments presented in Chapter 5-6 highlight 

that listeners engage in a social reasoning process cued by disfluency in interpreting 

ambiguous word some. These results raise the question of whether listeners’ 

pragmatic abilities influence the effect of disfluency in comprehending utterances. In 

this chapter, I present an eye-tracking experiment, testing whether the reasoning 

process varies across individuals with varying levels of pragmatic ability suggested by 

Autism Quotient scores.  

The experimental work presented in this chapter are reported by Li, Rohde, & 

Corley (2020). The publication is reproduced in Appendix A. 

 

7.1 Introduction 
Even though Autism Spectrum Disorder (ASD) is generally associated with a 

deficit in social and figurative aspects of communication, many previous studies 

investigating the abilities of participants with ASD to understand non-literal language 

have shown that these participants obtain similar comprehension scores to their 

neurotypical peers (e.g., Happé, 1994, 1995; Hala, Pexman, & Glenwright, 2007; 

Jolliffe & Baron-Cohen, 2000; Loukusa & Molianen, 2009). This raises the question of 

whether individuals with ASD and those without achieve similar outcomes by 

employing different processes. Here, we develop the theme of processing differences, 

with a focus on how the manner of a spoken message is delivered, in particular, 

disfluent fillers such as “um” and “uh”, influences individuals’ comprehension. 
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Fillers are often regarded as socially oriented, influencing discourse dynamics 

by controlling the flow of conversation (e.g., Clark & Fox Tree, 2002), signalling hedges 

in conversation (Smith & Clark, 1993), or being taken as cues to deception (Loy, 

Rohde, & Corley, 2016; Vrij & Semin, 1996; Zuckerman, Koestner, & Driver, 1981). 

Previous studies have shown that high-functioning individuals with ASD produce fewer 

fillers than do the typical population (Lake, Humphreys, & Cardy, 2011). Children with 

autism produce fewer fillers compared to their typically developing peers (Gorman et 

al., 2016; Heeman, Lunsford, Selfridge, Black, & Van Santen, 2010; Irvine, Eigsti, & 

Fein, 2016). This reduced use of fillers, considered as a conversational cue, is 

consistent with a characterization of speakers with ASD as being less able to take their 

listeners’ perspectives (Colle, Baron-Cohen, Wheelwright, & Van Der Lely, 2008; Paul, 

Orlovski, Marcinko, & Volkmar, 2009). A decreased attention to social cues may yield 

difficulty in understanding the implicit social meanings associated with fillers (Irvine et 

al., 2016). 

 However, this difficulty may not manifest in comprehension outcomes. 

Participants who struggle with social cues may nonetheless find ways to interpret fillers 

in an equivalent way to their peers. By focusing on the outcome of comprehension, 

usually operationalised as whether the eventual interpretation of an utterance aligns 

to a norm, it is possible that differences in the processes which underlie these 

outcomes may be overlooked (McKenna, Glass, Rajendran, & Corley, 2015). 

McKenna et al. (2015) demonstrated a difference in the processing of a type of 

figurative language, metonymy, in which an attribute of a concept instantiates that 

concept (such as the use of Dickens when referring to the books written by Charles 

Dickens rather than to the writer himself). In their study, participants without diagnoses 

completed an Autism Spectrum Quotient questionnaire (AQ: Baron-Cohen, 

Wheelwright, Skinner, Martin, & Clubley, 2001) and read sentences containing target 

nouns (e.g., Vietnam, Finland), in contexts supporting literal or figurative, metonymic, 

interpretations (e.g., During my trip, I hitchhiked around Vietnam/Finland; A lot of 

Americans protested during Vietnam/Finland). Their results showed an “unfamiliar 

metonym disadvantage” where participants were slower to read a novel metonym (e.g., 

Finland) in its figurative sense, compared to a metonym which has its figurative 

meaning established in daily use (e.g., Vietnam referring to the conflict during the 

1950s-1970s). Of relevance to the present study, they found that participants with 

higher scores on the Autism Quotient measure were relatively slowed down by these 



 125 

novel metonymies, while those with lower numbers of self-reported autistic traits were 

not. Note that all participants scored 100% on comprehension scores: Differences 

related to AQ could not be found in any measure of interpretation, but were instead 

only evident when the time course of the processing of the stimuli was investigated. 

Although understanding figurative meanings in written language, such as that 

investigated by McKenna et al. (2015), can be difficult, understanding non-literal 

meaning in speech adds additional complexity, because artefacts such as fillers can 

modify literal meaning. Loy et al. (2017) investigated whether interpretations of a 

sentence (truthful or deceptive) made by listeners in the general population could be 

influenced by disfluency. Their experiments used a lie-detection game setting, where 

participants were presented with two images (named image/distractor image) in every 

trial and were asked to click on the image that they thought concealed some treasure. 

For each trial, participants heard a pre-recorded fluent or disfluent utterance 

describing the location of the treasure. Participants’ image clicks revealed a bias to 

interpret disfluent speech as a cue to speaker deception about the location of the 

treasure. Importantly, eye movements were also measured, and disfluent speech 

resulted in more frequent early eye movements towards the distractor item, showing 

the influence of an early process associating disfluency with deception. 

Loy et al.’s (2017) study provides two essential points of reference for the 

current study. First, the method allows us to directly observe the time-course of 

disfluency comprehension, providing a way to investigate how the manner in which 

something is said might affect its ongoing interpretation. Second, along with other 

situations which depend on understanding the interlocutor’s intentionality, the 

recognition of deception has been shown to be difficult for individuals with ASD: For 

example, it is harder for children with autism to lie to others and to detect when they 

are being lied to (Ranick, Persicke, Tarbox, & Kornack, 2013). By using a lie detection 

paradigm in which disfluency can serve as a potential pragmatic cue, we can examine 

in detail any differences in the processes of comprehension that might arise between 

individuals. Specifically, we can measure both participants’ eventual interpretations – 

truth or deception? – and the real-time processes that precede that outcome. 

Our experiment replicates Experiment 2 from Loy et al. (2017), with a set of 

participants from the general population who vary in their Autism Spectrum Quotients 

(AQ). AQ is not a diagnostic test of ASD, but it is used to assess broader autism 

phenotype (BAP) metrics for understanding subclinical ASD traits within individuals in 
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the general population who are presumed to have typical developmental profiles. The 

test comprises 50 questions focusing on five BAPs: social skills, attention switching, 

attention to detail, imagination, and communication (Baron-Cohen et al., 2001). AQ 

scores from low to high quantify where a given participant is situated on a putative 

continuum from neurotypical to autism diagnosis (Baron- Cohen et al., 2001). While 

our findings do not allow us to draw direct conclusions about comprehension 

processes in ASD, the study emphasizes the utility of real-time measures in comparing 

processing differences among populations that vary on an AQ spectrum. 

Our experiment measures the influence of manner of delivery on pragmatic 

comprehension in two ways. First, we measure the outcome of the comprehension 

process by recording which object people click on. This gives us a direct indication of 

whether a participant has interpreted a given utterance as truthful, in which case they 

are likely to click on the named (target) object, or deceptive, in which case they are 

likely to click on the other (distractor) image. If the results of Loy et al. (2017) are 

replicable, we expect to see an effect of the presence of disfluency, such that 

participants are less likely to click on the target following a disfluent utterance. We 

further assess the process of comprehension. By measuring participants’ eye 

movements time-locked to the speaker’s mention of the target object, we can test the 

time-course of comprehenders’ responses to the speaker’s manner of delivery. If the 

results replicate those of Loy et al., we should see a decrease of bias towards the 

named object in the disfluent condition. Of critical interest in the present study is 

whether the outcome or process measures interact with AQ. An interaction at the 

outcome level (item clicked) would suggest that the levels of broader autism 

phenotypes measured by the AQ affect the eventual understanding of what is said. 

Regardless of whether such an interaction is found or not, an interaction at the process 

level (eye movements) would suggest differences in the processes underlying non-

literal interpretations, opening the door to research with formally-diagnosed groups of 

participants. 
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7.2 Methods 

7.2.1 Participants 

Ethical approval was given by the PPLS Research Ethics Committee with 

reference number 100-1920/1. Sixty-two self-reported native English speakers (Male: 

18; Female: 44) took part in the experiment. Participants ranged from 18 to 35 years 

old, mainly comprising students at the University of Edinburgh recruited from a wide 

variety of disciplines, including Engineering, Chemistry, Mathematics, Law, and 

Psychology. Participants were paid £5 for participation. Participants had normal or 

corrected-to-normal vision, and all used their right hands to control the mouse used in 

the experiment. Participants provided written consent prior to the beginning of the 

experiment. 

 

7.2.2 Material 

7.2.2.1 Autism Spectrum Quotient 

The Autism Spectrum Quotient (AQ: Baron-Cohen et al., 2001) questionnaire 

comprises 50 items reflecting five different broader autism phenotypes either positively 

(e.g., “I am fascinated by numbers”, “I am often the last to understand the point of a 

joke”), or negatively (e.g., “I find social situations easy”). Participants are asked to 

respond based on a 4-point Likert scale varying from “definitely agree” to “definitely 

disagree”. Each response represents one point; and a participant’s AQ score is 

calculated by totalling their responses (taking polarity into account), with a maximum 

score of 50. Studies to date suggest that individuals diagnosed with autism tend to 

score 32 or more, compared to individuals without autism who tend to average around 

16. However, the AQ is not a diagnostic test, and autistic traits are present in the wider 

community (see Folstein & Rutter, 1977; Persico & Bourgeron, 2006 for details). 

Therefore, AQ scores should be interpreted very carefully. Participants in the current 

study were informed of this beforehand and were told that their AQ scores would not 

be provided to them. 
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7.2.2.2 Visual Stimuli 

The visual world paradigm from Loy et al. (2017, Experiment 2) was adapted 

for the current study. Visual stimuli included 130 line-drawings from Rossion and 

Pourtois (2004), which were grouped into pairs across 65 trials (5 practice trials; 20 

critical; 40 fillers). For each pair of drawings in each trial, the drawing that the speaker 

named as concealing the hidden treasure is referred to as the target picture, and the 

other one the distractor picture. The two pictures were presented vertically centred on 

the screen, and horizontally centred at 25% (left-hand picture) and 75% (right-hand) 

of the screen width. The target picture’s position on the left versus the right was 

counterbalanced across items. 

 

7.2.2.3 Audio Stimuli 

The audio files used in the current experiment were taken from Loy et al.’s 

Experiment 2. Participants were told, as a cover story, that the speaker had taken part 

in an earlier experiment, in which she had been told to try and mislead her partner 

about the treasure’s location by sometimes lying. 

In 20 critical trials, the recordings of the speaker describing the purported 

locations of the ‘treasure’ were categorized as either fluent (e.g., “The treasure is 

behind the [target]”) or disfluent (e.g., “The treasure is behind thee, uh, [target]”). To 

ensure that participants were exposed to the same utterance (bar disfluency) across 

conditions, and the same disfluency across disfluent trials, complete fluent and 

disfluent sentences were first recorded, and then a prolonged article followed by a filler 

cut out from a disfluent utterance was spliced into each relevant fluent utterance to 

create the corresponding disfluent version. Disfluent utterances were therefore 

characterized by a prolonged article (“the” pronounced /ðiː/, or “thee”) and the disfluent 

segment (i.e., “uh”) before the target noun. 

The assignment of fluent/disfluent conditions to items was counterbalanced 

across two lists. However, due to a coding error, one critical item (“lamp”) in List 1, 

which should have been in the fluent condition, was mistakenly paired with a disfluent 

recording. Thus, the final numbers of items in experimental conditions for participants 

using audio files from List 1 were n=9 (fluent items) and 11 (disfluent items). 

To obscure the experimental manipulation, and reinforce the impression that 

participants were listening to natural recordings, forty additional filler trials referred to 
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pairs of images that were not used in critical trials, and were designed such that half 

included disfluencies other than “uh”, or discourse manipulations such as discourse 

markers (e.g., “Okay, the treasure is behind the [target]”) and modals (e.g., “The 

treasure could be behind the [target]”), and the other half were fluent. 

 

7.2.3 Procedure 

The experiment was in two parts, a computer-based lie detection game and an 

Autism- Spectrum Quotient (AQ) measurement. The researcher began by introducing 

the process of the whole experiment and the lie detection game task. The eye-tracking 

experiment which followed was presented using OpenSesame version 3.2.7 (Mathôt, 

Schreij, & Theeuwes, 2012), with movements of the right eye monitored using an 

Eyelink 1000 Tower Mount system. Participants were seated at a viewing distance of 

80cm from a 19” CRT monitor. They read the instructions first which explained that 

their aim was to collect as much treasure as possible by clicking on the object 

concealing the treasure on each trial. 

Following reading the brief instructions, a press of the spacebar started the 

calibration of the eye-tracker. Five practice trials followed the calibration; at the end of 

the practice session, participants pressed the space bar to commence the sixty 

experimental trials (20 critical trials and 40 fillers). 

Each new trial began with a black fixation dot at the centre of the screen, and 

participants were told to carefully stare at the black dot when they were ready to start 

a trial, allowing a drift correction to be applied if necessary. As soon as the fixation dot 

disappeared, a pair of images – a target and a distractor – appeared on the screen. 

After a preview period of 2000ms, the mouse pointer appeared at the centre of the 

screen, and the audio stimulus started. Participants were instructed to click on the 

object which they believed the treasure was behind as soon as they could. Once one 

object had been clicked on, the images disappeared, providing visual feedback that 

the click had been recorded. 1000ms after the end of the audio, or once the participant 

had clicked on an object – whichever occurred later – a black dot appeared which 

indicated the onset of the next trial, except in the case of 25% of filler trials, which 

included a bonus feedback page after clicking (see detailed explanation below). Figure 

7.1 shows the complete flow of one example trial from the experiment. 
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Figure 7.1 Procedure of a single trial from the experiment 

 

Three aspects of the experiment were designed to ensure that participants 

remained motivated to discover the “true” location of the treasure throughout. The first 

is that participants were informed that their score would be counted based on how 

much treasure they managed to find, and that good scores would be entered on a 

high-score table which was shown at the end of the experiment. Second, participants 

were told that there were a certain number of bonus trials, from which they could earn 

more points than from other trials. To this end, 25% of the filler trials were immediately 

followed by a screen saying that a bonus treasure chest had been found, regardless 

of which picture had been clicked. To prevent learning, immediate feedback, such as 

this bonus message, was only provided in a small number of the filler trials, not in any 

critical trial, and only to keep participants motivated. Third, if no click was detected 

within 5 seconds of audio onset, a time-out message would be automatically shown 

on the screen to encourage participants to respond more quickly. 

Eye movements were recorded during all experimental trials, together with the 

final object the participants clicked on. Only the data from critical trials were analysed. 

Once the treasure-hunting part of the experiment had finished, participants 

filled out a paper version of the AQ test (Baron-Cohen et al., 2001). Finally, participants 

were fully debriefed about the aims of the experiment. 
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7.3 Results 
Data and analysis scripts are available at https://osf.io/jwhfr/. Prior to analysis, 

practice and filler trials were removed, as well as the trials in which participants failed 

to click on either object within 5000ms of audio onset (0.5% of the critical data). 

 

7.3.1 Autism Quotient 

Across 62 participants, AQ ranged from 2 to 38, with a mean of 15.4 (SD 7.26) 

and a median of 15.0. For illustrative purposes only, participants were split at the 

median into two equal-sized groups, respectively referred to as the Low- and High-AQ 

groups. Characteristics of the participants in each group are shown in Table 7.1, and 

these groups will be used in tables and figures to illustrate effects. 

 

Table 7.1 Characteristics of High-AQ group and Low-AQ group 

 
Mean AQ (SD) Mean Age (SD) Gender 

Low-AQ Group 9.74 (3.04) 23.00 (0.5) 24F/7M 

High-AQ Group 21.16 (5.53) 22.10 (0.5) 20F/11M 

 

7.3.2 Final Object Clicks 

Final object-click results were determined by two factors: whether the x-

coordinate of the mouse when clicking the object is greater than 0, and the position of 

the target in that trial (such that if x>0 and the target is on the right, the target has been 

clicked). The percentages of trials in which participants clicked on targets and 

distractors, for the whole study and for the High- and Low-AQ participant groups, are 

given in Table 7.2. 

 

Table 7.2 Percentage of mouse clicks recorded on each object (target/distractor) 

by manner of delivery (fluent/disfluent), for the whole study 

  
Whole study Low-AQ High-AQ 

https://osf.io/jwhfr/
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Fluent Target 66.4 67.0 65.9 

 
 

Distractor 

 

33.6 

 

33.0 

 

34.1 

 

Disfluent 

 

Target 

 

50.2 

 

50.3 

 

50.2 
  

Distractor 

 

49.8 

 

49.7 

 

49.8 

 

 

The binary outcome of clicking on the target versus distractor was modelled in 

a mixed- effects logistic regression with one within-participants predictor of manner of 

delivery (fluent or disfluent) and one between-participant predictor of (raw, centred) 

AQ score, including random intercepts and a slope for manner of delivery by 

participant, as well as random intercepts by target image. Participants were 2.71 times 

more likely to click on the target following a fluent utterance compared to a disfluent 

utterance (β = 0.9966, SE = 0.3052, p = 0.0011). There were no effects of AQ (β = -

0.0226, SE = 0.0256, p = 0.3784), or interactions between fluency and AQ (β = 0.0121, 

SE = 0.0421, p = 0.7743). 

 

7.3.3 Eye Movement 

Measuring the frequencies over time with which participants fixate each of the 

images presented, using the eye tracking record, allows us to investigate how biases 

are updated in the ongoing interpretation of what is said (see Cooper, 1974; 

Tanenhaus, Spivey-Knowlton, Eber- hard, & Sedivy, 1995 for more details). In the 

present experiment, fixation data were averaged into bins of 20ms (10 samples). The 

proportions of time participants spent fixating objects were coded according to region 

of interest (target/distractor) for each bin. Figure 7.2 (top) shows the time course of all 

participants’ fixations to target objects and distractors over 2000ms (100 bins) starting 

at target onset, for fluent and disfluent conditions respectively. For illustrative purposes, 

Figure 7.2 (bottom-left) and Figure 7.2 (bottom-right) show the equivalent patterns for 

the Low- and High-AQ groups of participants. 
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Figure 7.2 Mean proportions of fixations to target object and distractor over 2000ms 

from target onset, for fluent and disfluent conditions for all participants (top), Low- 

(bottom-left) and High- AQ (bottom-right) groups, calculated from summed fixations 

for each 20ms time bin from target onset to 2000ms post-onset. The shaded 

rectangular area represents the analysis window from target onset to 1500ms later. 

The shaded areas represent ±1 standard error of the mean by items. 
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We analysed eye movement data over a time window which began at target 

onset and ended 1500ms later. This window was chosen based on previous research 

suggesting that the resolution of a referent is normally established around 400-800ms 

after the object being mentioned (Eberhard, Spivey-Knowlton, Sedivy, & Tanenhaus, 

1995; Hanna, Tanenhaus, & Trueswell, 2003), with additional time allowed to capture 

any potential differences in later processing. For the purposes of analysis, we 

calculated a binomial “target advantage” for each bin: Bins in which the majority of 

time was spent fixating the target were coded as 1; bins in which the majority of time 

was spent fixating the distractor were coded as 0. Bins in which neither target or 

distractor were fixated (9,354) or in which both images were fixated equally (21) were 

discarded (10% of the data). Figure 7.3 shows target advantage, split by High- and 

Low-AQ groups, for reference. 

We constructed a Bayesian generalised linear mixed model, with a logit link 

function, to analyse our data. We fit a model including orthogonal 1st-3rd order 

polynomial representations of time, allowing us to properly capture the non-linear 

nature of the target advantage shown in Figure 7.3. As well as the time variables, the 

model included a within- participants and -items effect of disfluency; and a between-

participants, but within-items, measure of (scaled) AQ, as well as interactions between 

disfluency, AQ, and each of the polynomial orders of time. Random effects for 

intercepts and slopes (but not interactions) were included. The model was fit using the 

brms package in R (Bürkner, 2017), version 2.16.1, using default priors, with four 

chains of 4000 iterations each. The Rhat parameter for each parameter in the model 

was equal to 1, indicating successful model convergence; visual inspection of 

posterior predictive checks suggested a good fit to the data. 

Details of the converged model are given in Table 7.3. For each effect we report 

a mean effect estimate, the upper and lower bounds of a 95% credible interval, and 

the probability that a given effect is different from zero in the direction of its sign. There 

is evidence for an effect of disfluency (the probability that participants fixate the target 

less overall when the utterance is disfluent is .986) and there are notable interactions 

of disfluency with the polynomials of time (effectively, indicating that the curve over 

time of the target advantage has a different shape when utterances are disfluent). 

Critical to the present paper are the three-way interactions between AQ, Fluency, and 

each of the polynomial orders of time. There is strong evidence for each interaction 
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(all ps ≥ 0.992), showing that the target advantage curve changes with AQ, such that 

participants with higher AQ scores tend to show earlier biases towards the target. 

Figure 7.3 shows posterior predictions from the Bayesian model for the Low- and High- 

AQ groups, to illustrate this effect (but it is important to note that the effect is 

continuous, across the range of reported AQs). 

 

Table 7.3 Model estimates for eye-tracking data, showing mean effect estimates 

in logits, upper and lower bounds of 95% credible intervals, and probabilities that 

effects differ from zero in the direction of their signs (based on posterior sampling). 

effect b L95% H95% P (b > / < 0) 

(Intercept) 0.76 0.51 1 — 

AQ -0.12 -0.34 0.1 0.863 

Disfluency -0.33 -0.64 -0.03 0.986 

Time 2.53 1.21 3.85 1 

Time2 -2.13 -3.09 -1.23 1 

Time3 -0.54 -1.23 0.13 0.944 

AQ:Disfluency 0.02 -0.23 0.27 0.552 

AQ:Time -0.46 -1.56 0.61 0.802 

AQ:Time2 0.08 -0.55 0.71 0.59 

AQ:Time3 0.12 -0.41 0.67 0.671 

Disfluency:Time -2.36 -2.63 -2.09 1 

Disfluency:Time2 -0.42 -0.7 -0.15 0.999 
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Disfluency:Time3 1.36 1.09 1.63 1 

AQ:Disfluency:Time -0.61 -0.88 -0.33 1 

AQ:Disfluency:Time2 0.34 0.07 0.62 0.995 

AQ:Disfluency:Time3 0.33 0.07 0.6 0.992 

 

 
Figure 7.3 Recorded (top) and model-predicted (bottom) target advantage, for Low-

AQ (left) and High-AQ (right) groups of participants. Model predictions are derived 

from 101 posterior samples from the converged model. 

 

7.4 Discussion 
The results reported here confirm that listeners’ pragmatic judgements are 

influenced by manner of speech, and that disfluent instructions are associated with 

deception. We took the greater frequency of clicks on the distractor object after hearing 

an instruction such as “The treasure is behind, thee, uh, hat” as evidence that 
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participants were less inclined to believe the location of the treasure named by the 

speaker when the utterance was disfluent. Moreover, eye movements made during 

the early time-course of comprehension showed that these judgements were made 

quickly. These findings replicate the results of Loy et al. (2017). 

Note that in these studies, participants were explicitly told that they might be 

deceived, and the utterances to which they responded were recorded.  Whether there 

are general conclusions to be drawn about deception is unclear; here we are 

concerned with the processing of language that is ‘known’ not to have a literal 

interpretation. We can however draw some ecological comfort from a study by Loy et 

al. (2018), in which participants’ judgements were affected in a similar way by 

disfluency in a two-player version of the current deception game, in which all 

utterances were spontaneous. 

Critically, the present study shows that the general effects of disfluency 

described above vary by AQ. When hearing disfluent instructions, participants with 

higher AQ scores, and therefore higher numbers of traits typically associated with 

autism, are more likely to make early fixations on the target. The evidence for these 

effects is manifest as a series of interactions with a continuous AQ score predictor, 

and therefore not subject to criticisms typically applied to median splits (e.g., 

McClelland, Lynch, Irwin, Spiller, & Fitzsimons, 2015). However, the differences 

emerge as differences of processing but not of comprehension: Our data do not 

suggest that participants’ final interpretations vary with AQ, but they do suggest that 

there is variation in the mental processes which underlie those interpretations. 

A potential account of these findings is that as the number of autistic-like traits 

associated with higher AQ scores increases, participants have more difficulty in 

utilizing contextual information. This may lead to a weaker association between 

disfluency and deception, attenuating the early tendency to fixate the distractor 

following a disfluent utterance. A variant of this account is that it may be more difficult 

to override more basic effects of filler disfluencies, such as their tendency to focus 

listeners’ attention on the upcoming message (Collard, Corley, MacGregor, & 

Donaldson, 2008; Fox Tree, 2002). According to the latter view, participants with 

higher AQs may show an initial tendency to fixate the target quickly following a 

disfluency, before this is overridden by slower pragmatic reasoning. 

It is important to stress again that these findings are only relevant to people 

diagnosed with autism to the extent that AQ measures can be considered a proxy for 
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diagnosis. The critical aim of the paper is not to identify a processing difference in the 

clinical population, but to point to a likely candidate which merits further investigation. 

Moreover, because of the continuous nature of the AQ, some statistical issues which 

can arise from group comparisons (especially when “controlling” for other varying 

factors: Miller & Chapman, 2001) are avoided. We can be confident (to the usual limits 

of statistical inference) that the effect is real: in the subclinical population, 

comprehension processes may result in the same outcomes, even though the 

processes by which those outcomes are achieved may vary. 

In line with the study by McKenna et al. (2015), the implication of the current 

study is that by merely focusing on the outcomes of cognitive processing, it is possible 

to miss the real differences in detailed processes that vary across the population. 

Previous studies have used tasks in which participants are asked to provide context-

appropriate explanations for non-literal speech, such as Happé’s Strange Stories Test 

(Happé, 1994), in exploring disfluency comprehension in ASD children. However, 

many of these studies represent cases in which ASD- and non-ASD individuals 

achieved similar results, despite the ASD participants being expected to show less 

developed ability (Hala et al., 2007; Happé, 1995; Jolliffe & Baron- Cohen, 2000). Such 

results may not be conclusive without exploring the detailed cognitive processes 

underlying any parity in behavioural outcomes. 

The present study suggests that there are differences in the processing of 

disfluency among individuals varying in numbers of self-identified autistic traits. This 

may, by extension, have implications for the comprehension processes of people with 

ASD diagnoses. 

 

7.5 Conclusions 

 This chapter presents an eye-tracking experiment investigating whether the 

pragmatic reasoning process cued by disfluency vary across individuals. The current 

experiment was conducted with individuals whose pragmatic abilities were posited to 

vary, suggested by Autism Quotient (AQ). The eye-tracking data revealed an 

interaction between the speaker’s manner of delivery and AQ, showing that when 

hearing disfluent utterances, a tendency to make early fixations to the named object 

increased with individuals’ AQ scores. These findings suggest that the reasoning 

process engaged in comprehending disfluencies is related to listeners’ pragmatic 
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abilities, providing further evidence that disfluency processing involves a social 

reasoning process, rather than a heuristic association. Critically, the current study 

highlighted the understanding of process in language comprehension, as even where 

utterances are equivalently understood, the process by which interpretations are 

achieved varies across individuals. 
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Chapter 8 
General Discussion 
 
 

 This thesis described a series of experiments that investigated the effects of 

the disfluency uh on language comprehension. A combined effect of disfluency and 

social contexts on listeners’ pragmatic comprehension of ambiguous statements was 

assessed using mouse-tracking experiments (Experiments 1-4). A systematic 

variation of individuals’ pragmatic reasoning in disfluent speech comprehension was 

assessed with an eye-tracking experiment (Experiment 5). In this chapter, I summarise 

the main findings from the experiments, propose a possible account to explain the 

results, and suggest potential directions for future research. 

 

8.1 Summary of the main findings 

This summary includes two sections. The first section summarises the results 

of four mouse-tracking experiments (Experiments 1-4), which investigated the effects 

of the disfluency uh on listeners’ interpretations of the ambiguous scalar word some. 

The second section summarises the results of Experiment 5, which investigated 

individual differences in disfluent speech comprehension. 

 

8.1.1 Summary: Experiments 1-4 

 A series of mouse-tracking experiments were conducted to test how the 

disfluency uh influences listeners’ interpretations of ambiguous utterances with the 

scalar word some. The mouse-tracking results, including participants’ final 

interpretations of some and their real-time mouse-movements, showed a combined 

pragmatic effect of uh and of social contexts. Listeners were able to rapidly integrate 
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the speaker’s communication goals and the given social contexts as utterances were 

processed to reach an ultimate interpretation of some. Specifically, in a context where 

larger values were socially undesirable (e.g. “My vehicle has failed some inspections”), 

listeners were biased towards a literal interpretation of some as “all” following disfluent 

utterances (Experiments 1-2). This result was consistent with that in Loy, Rohde and 

Corley (2019). However, when varying the context to one where smaller values are 

socially undesirable (e.g., “I’ve got some ‘A’s for my psychology modules”), disfluency 

showed an opposite effect, reducing the values participant associated with some to 

“one” or even “zero” (Experiments 3-4).  

Critically, mouse-trajectory analyses showed that listeners were quick to 

commit to interpreting some to “one” (Experiment 3) and slow to commit to a “zero” 

interpretation (Experiment 4). This result suggested that when encountering 

disfluencies, extending the meaning of some to “one” was relatively easy, but 

overwriting the meaning to “zero” (i.e., deciding the speaker is lying) was more 

demanding. 

 

8.1.2 Summary: Experiment 5 

 An eye-tracking experiment was conducted with individuals whose pragmatic 

abilities were assumed to vary, suggested by Autism Quotient (AQ). This experiment 

was to test whether the pragmatic reasoning processes cued by disfluencies vary 

across individuals. Listeners needed to click on one of two objects in order to find 

some hidden treasure, based on a speaker’s fluent or disfluent utterance naming the 

location of the treasure (e.g., “The treasure is behind thee, uh, hat”). Both the final 

clicks and participants’ moment-by-moment eye movements were recorded. The 

results showed fewer clicks on the mentioned target object following disfluent 

utterances, in keeping with prior work (Loy, Rohde, & Corley, 2017).  

Importantly, the eye-tracking data revealed an interaction between manner of 

delivery and AQ. When hearing disfluent utterances, an early bias towards a literal 

interpretation correlates positively with AQ. This suggests that, even with similar final 

click outcomes whereby disfluency leads to fewer target interpretations for individuals 

with various AQ, the process by which the interpretation is achieved varies across 

individuals. 
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8.2 Social reasoning: an account of disfluency 
processing 

 The current experiments support an account of disfluency processing whereby 

listeners rapidly integrate pragmatic cues from disfluency into a social reasoning 

process in a given context, a process varying with listeners’ pragmatic abilities.  

 

8.2.1 Two stages of reasoning 

Results from both mouse-tracking and eye-tracking experiments can potentially 

be encompassed by a two-stage social reasoning account of disfluency processing. 

This account assumes two stages of comprehending, (1) in the first stage, listeners 

reach an initial interpretation following disfluency and (2) in the second stage of 

pragmatic reasoning, listener override the initial interpretation if the social context 

allows. 

For example, in the mouse-tracking experiments, this two-stage social 

reasoning was manifested in a way that listeners applied both strategies of stretching 

and overwriting when searching for an interpretation of the ambiguous word some. 

The social context of job interviews set up an expectation that the speaker might seek 

to misleading the listener. Therefore, when lower values were the undesirable 

interpretations of some, listeners encountering disfluencies attempted to extend the 

boundary of the meaning of some as low as possible. The stages of reasoning were 

shown to comprise two stages in that in the first stage, listeners quickly arrive at an 

initial interpretation when the lowest number available still fits within the semantic 

boundary of "some" (e.g., “one”). However, in the second stage, when the lowest 

number available is outside this boundary (e.g., “zero”), listeners hesitate and engage 

in deeper social reasoning before potentially overriding the interpretation to zero. 

This two-stage reasoning account also stems from one potential explanation 

for our eye-tracking experiments. Listeners with higher AQ showed earlier fixations to 

the named object compared to those with lower AQ. This result can actually be due to 

listeners with higher AQ experienced more difficulty in overriding a basic effect of 

disfluency which cues an initial attentional focus on the upcoming messages (e.g., 

Collard, Corley, & MacGregor, 2008). The two stages of disfluency comprehension in 
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this experiment could involve this initial attention to the named object and this initial 

response is adjusted by a more time-consuming pragmatic reasoning process. 

 These proposed stages should be differentiated from previous staged models 

of implicature processing, such as the two-stage account of scalar implicature 

processing in Tomlinson Jr. et al. (2013). In our current studies, the lower bound 

meaning of some is undermined. Pushing implicatures to their limits and beyond 

allows us to answer a different question from that most commonly associated with 

scalar implicature (e.g., whether individuals first access the literal meaning of some 

“some and possibly all” and enrich it to form the scalar implicature “some but not all”, 

or whether the implicated meaning is understood by default). Here, we emphasise the 

stages of how listeners incorporate the pragmatic information from disfluency uh to 

reason and adjust in the given social context to reach a final interpretation of some, 

which may happen after any “some but not all” implicature has been calculated and 

the meaning is additionally constrained to “some and possibly very few”.    

In the following sections, I detail the pragmatic effects of disfluency uh, as well 

as the role of social contexts, found in the current studies. 

 

8.2.2 Pragmatic effects of disfluency uh 

Facilitating comprehension, not hindering 

With the research focus on filler uh, the studies in this thesis emphasised the 

pragmatic effects of disfluency in language comprehension. Disfluencies are able to 

facilitate, instead of hindering, listeners’ processing of spontaneous speech.  

The current studies showed the pragmatic effects of disfluencies in listeners’ 

language comprehension in real time. In the mouse-tracking experiments, listeners 

showed a choice pattern consistently relating disfluency to the socially undesirable 

interpretations of some. The eye-tracking experiment showed a consistent pattern 

where listeners associated disfluent utterances with lying. These reported results 

further assured that instead of being mere interruptions of speech flow, disfluencies 

are able to facilitate listeners’ language comprehension to reach an ultimate 

interpretation via acting as pragmatic cues. Critically, the current results showed an 

early effect of disfluency in processing. These results indicate that listeners are able 

to take social contexts and disfluency into processing quickly and they draw pragmatic 

inferences at the early stage of comprehension.  
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Our findings are consistent with previous findings that disfluencies are utilised 

as pragmatic cues by listeners to judge the speaker’s state (e.g., Brennan & Williams, 

1995; Zuckerman, Koestner, & Driver, 1981), or to heighten attention of the following 

utterances (e.g., Collard et al., 2008). The early effect of disfluency in processing found 

in the current studies is also consistent with evidence from previous studies that 

listener make rapid inferences about the speaker or the utterances (e.g., Grodner & 

Sedivy, 2011; Loy, Rohde, & Corley, 2017; Loy, Rohde, & Corley, 2019). 

 Even though disfluencies “facilitate” comprehension by helping listeners reach 

an eventual interpretation via pragmatic cues, our results indicate that disfluencies 

actually “betray” speakers by revealing their unintended intentions, such as potential 

deception. A possible perspective to interpret this finding is that disfluencies serve as 

a social contract, signalling when a speaker is engaging in exaggeration or presenting 

half-truths. Disfluencies can act as hedges, indicating a speaker's uncertainty or a 

strategic pause to manage the listener’s perception (Corley & Stewart, 2008; Fraser, 

2010; Gósy, 2001). 

 

Perspective-taking, not heuristic 

 Importantly, the current results suggest an account which supports a 

perspective-taking account of disfluency processing instead of a heuristic account. 

The perspective-taking account expects that the pragmatic cues involved in 

disfluencies are context-specific and speaker-specific, as this account assumes the 

listener to interpret utterances via a speaker-modelling process. However, the heuristic 

account assumes an automatic processing of disfluency to certain pragmatic cues. 

 Our findings support the perspective-taking account on two fronts. First, when 

varying the given social contexts in mouse-tracking experiments, listeners interpreted 

the same scalar word some following disfluencies in different directions. In a social 

context where larger values of some are undesirable, listeners associate disfluency to 

larger-value interpretations of some. However, when varying the social context to one 

where smaller values are undesirable, disfluency showed an opposite effect that it 

reduced the values listeners associated with some.  

If combining the discussion from the previous section, despite being different 

interpretations of some, these interpretations were all the socially undesirable ones in 

the given contexts. These results indicate that disfluency does not provide pragmatic 
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cues to a certain interpretation of ambiguous words, but rather cues a social reasoning 

process where listeners take the speaker’s conversation goals into consideration. For 

example, in the given social context of job interviews, the speaker’s goal is to leave 

good impression and listeners consider possible reasons of the speaker’s disfluencies 

in processing to reach an eventual interpretation. This finding is also consistent with 

broader evidence that comprehenders’ interpretations of scalar word some are 

context-dependent (e.g., Bonnefon, Feeney, & Villejoubert, 2009; Breheny, Katsos, & 

Williams, 2006; Degen & Tanenhaus, 2014). 

 The second reason to support a perspective-taking account is that the 

disfluency comprehension process varies with individuals’ social cognitive profile. Our 

eye-tracking results showed a general effect of disfluency influencing listeners’ 

pragmatic judgements and disfluent utterances were associated with deception. The 

pragmatic effect of disfluency as cues for deception aligns with previous findings (e.g., 

King, Loy, & Corley, 2017; Loy, Rohde, & Corley, 2018; Zuckerman, DePaulo, & 

Rosenthal, 1981). Importantly, this effect varies by AQ: listeners with higher AQ, 

therefore higher numbers of traits typically associated with autism, are more quickly in 

fixating on the named object. This result indicates that associating disfluency to lying 

is not an automatic process cued by the occurrences of disfluency, but a reasoning 

process that varies by individuals’ pragmatic abilities. 

 

Contextual, not stand-alone 

 Our findings also re-emphasise the crucial role of social contexts in resolving 

pragmatic ambiguity. Pragmatic ambiguity is unique because the words involved do 

not always have an explicitly distinct meaning. Moreover, utterances with this kind of 

ambiguity do not require listeners to reach an agreed-upon meaning for successful 

comprehension, as listeners are usually sensitive to the vagueness if a speaker 

deliberately delivers an ambiguous utterance. These features distinguish pragmatic 

ambiguity from other types of ambiguity (lexical or syntactic) and indicate that this kind 

of ambiguity is context-sensitive.  

  Building on prior work (e.g., Bonnefon, Dahl, & Holtgraves, 2015; Loy, Rohde, 

& Corley, 2017; Loy, Rohde, & Corley, 2019), the current studies explored various 

social contexts, attempting to associate disfluencies with social situations such as 

face-threat, face-boost, or deception. Through this broad exploration of different social 
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contexts, this thesis highlights the significant role of social context in resolving 

pragmatic ambiguity across various experiment paradigms. Listeners use context to 

integrate and interpret ambiguous utterances rapidly, underscoring the dynamic 

interplay between linguistic cues and contextual information in real-time language 

comprehension. 

 

8.3 Implications for future research 

The experimental work involved in this thesis highlights the importance of 

considering the detailed process of comprehension. Previous studies have shown that 

for a task where participants were asked to provide explanations for non-literal speech 

that fit the context, individuals with Autistic Spectrum Disorder (ASD) and those without 

showed similar performance (Hala, Pexman, & Glenwright, 2007; Happé, 1995; Jolliffe 

& Baron-Cohen, 2000). However, these two groups of individuals might achieve similar 

results via different processes. Mouse-tracking data in Chapter 6 showed there were 

similarly increasing numbers of clicks for one- and zero-qualification images following 

disfluent utterances. However, mouse-trajectory analysis revealed that listeners 

reached these two choices via different processes. Same for the eye-tracking 

movements in Chapter 7, where listeners with various pragmatic abilities showed 

differences in the comprehension process while the comprehension outcomes did not 

differ. 

Future research should also be aware of the necessity to looking into the 

detailed process underlying comprehension rather than just the outcomes. For 

example, given the account of social reasoning concluded in the mouse-tracking 

experiment, it is encouraged to explore new questions about individual difference of 

this social reasoning process in interpreting ambiguous word some, or the processing 

differences when varying social contexts which involve different conversational goals. 

The current findings in Experiment 1-4 showed that a basic social reasoning 

occurs early which forms a fast initial stage of reasoning. However, when social 

reasoning conflicts with lexical meaning (i.e., overwriting the meaning of some), it 

takes longer and therefore form the second stage of pragmatic processing in a given 

social context. Besides the processing time, there may exist more detailed differences 

between these two reasoning processes. For example, when the meaning of some is 

stretched (Experiment 3), the reasoning process might require listeners to resolve a 
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morphosyntactic conflict between the word some and the plural form of the noun 

(e.g., languages). Although time consuming, this conflict might still be faster to resolve 

compared to more severe conflicts with meanings, such as a semantic conflict in 

Experiment 4. Where the intended meaning of some directly conflicts with its semantic 

meaning (Experiment 4), it requires a deeper reasoning process where listeners 

overwrite the meaning of some and choose an interpretation that is at odds with the 

semantic meaning of some. To further distinguish these two stages, we suggest 

replicating the current mouse-tracking studies in a language that does not have a 

plural form of the noun (e.g., Chinese or Korean), so that morphosyntactic conflict 

does not occur and a more explicit difference could be observed between these two 

stages.  

 The present findings are obviously limited to the filler type of disfluency uh, the 

scalar word some, and the individual differences suggested by AQ. Questions remain 

whether the currently proposed two-stage account of disfluency processing can also 

be observed using other types of disfluencies (e.g., repetitions or lexical fillers “you 

know”), other scalar words (e.g., a few), or other indicators of individual differences 

(e.g., gender). For example, can listeners interpret a few to “one” if given the same 

context as in the current studies? Will we observe different processing, such as 

different patterns in clicking results or trajectories, compared to the current studies 

using some? And can listeners interpret a few, a scalar word which by definition should 

refer to a small number, to mean a larger number in a given social context? Or other 

questions like: using the current mouse-tracking data, will we observe any gender 

differences in processing? And will the gender of the speaker also influence the 

processing of listeners in the given social context of job interview? These are all 

research questions that can be further explored to validate the two-stage account. 

Methodologically, the mouse-tracking experiments in this thesis show the 

possibility of conducting web-based mouse-tracking task to explore listeners’ real-time 

language processing. The benefit of this methodology is easy implementation and fast 

participant recruitment. Moreover, this thesis used a four-item mouse-tracking 

paradigm, different from a typical two-item mouse-tracking paradigm (Spivey, 

Grosjean, & Knoblich, 2005). This demonstrates the potential for future research to 

utilise more diverse visual representations to explore time-course movements. 

However, the analysis of mouse-tracking data is still underexplored and may need 

more attention. 
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8.4 Conclusions 

The series of experiments reported in this thesis focused on investigating the 

effects of the disfluency uh in socially-situated real-time language comprehension. 

Combining four mouse-tracking experiments and one eye-tracking experiment, the 

current studies support an account in which disfluency cues a rapid social reasoning 

process where listeners integrate the pragmatic cues from disfluency fast in a given 

social context; a process which varies with individuals’ pragmatic abilities. Specifically, 

this process includes two stages of reasoning that listeners reach an initial 

interpretation compatible with the broad semantics of the utterance, but can then 

override this if context and disfluency allow.  
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