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Abstract

When producing speech spontaneously, speakers do more than produce words: They hes-

itate, correct themselves, and fill their pauses with um and er - a range of phenomena

referred to as disfluencies. In turn, the presence of these disfluencies can affect speech

comprehension: Filled pauses, such (i.e., um or uh), have been widely attested to affect

how listeners process and interpret speech. For example, the presence of a filled pause has

been shown to bias comprehenders’ expectations of what will follow them (e.g., discourse-

new entities, Arnold et al., 2004; hard-to-describe objects, Arnold et al., 2007) and their

evaluations of both the speaker and the message (e.g., uncertainty, Brennan & Williams,

1995; deception, Arciuli et al., 2010).

This thesis investigates whether the online processing of disfluent speech and the

interpretation of meaning can be accounted for by similar mechanisms. Previous research

has shown that filled pauses are produced in predictable patterns and that their produc-

tion offers a window into the speaker’s mental state. Consequently, the biases exerted by

disfluencies can be accounted for by comprehenders’ passive learning of the distribution of

filled pauses, and by a form of social reasoning about the causes for the speaker to expe-

rience trouble in speech production. These two mechanisms have contrasting predictions

regarding the flexibility and the costs associated with comprehending disfluent speech.

We took prediction of upcoming lexical items and interpretation of deceit as the test bed

for these questions. The series of investigations reported here took a novel approach by



comparing language comprehension in first and second language when speech is produced

by first- or second-language speakers.

Part I explores a proposed process for efficient speech comprehension: predic-

tion. In Experiments 1 and 2, we replicated and extended Bosker et al. (2014) eye-

tracking studies wherein native listeners displayed anticipatory eye movements towards

low-frequency items upon encountering native, but not non-native, disfluencies. In two

experiments, we explored whether the presence of a filled pause led native and non-

native listeners to anticipate a low-frequency word and whether this was dependent on

the speaker’s identity, i.e. if it was a native or a non-native speaker. We found clear ef-

fects in a time window of analysis reflecting word recognition. For native comprehenders,

the presence of a disfluency aided the recognition of a low-frequency word, regardless

of the speaker’s linguistic background. In contrast, a disfluency produced by a native

speaker increased the recognition of a low-frequency word in non-native listeners, while

filled pauses produced by a non-native speaker benefited the recognition of both high-

and low-frequency words. These results suggest that the addition of time without propo-

sitional content is a likely, but not a sufficient, explanation for the benefits due to the

presence of disfluencies. Instead, comprehension of elements accompanying disfluencies

is particularly beneficial when these items contextually co-occur with disfluencies.

Part II of this thesis explores how comprehenders interpret disfluent utterances. In

Experiments 3 and 4 we investigated how listeners interpret disfluent speech as deceitful

as a function of the speaker’s and the listener’s linguistic background. We replicated

and extended Loy et al.’s (2017) eye-tracking studies in which native listeners were more

likely to interpret disfluent utterances as deceitful, which was reflected in an early bias

in their eye movements. Across two eye-tracking experiments, we found that utterances

containing a filled pause were more likely to be interpreted as deceptive. Importantly, the

emergence of this bias occurred early in the time course of comprehension, as evidenced by

eye movements. Further, listeners were insensitive to the presence of alternative causes

for the speaker to be disfluent (e.g., producing speech in their second language), nor



did the task demands (e.g., comprehending speech in their second language) impact the

emergence of this disfluency-as-deception bias. The speed with which the effect emerged,

alongside its invariance, suggests that the bias has its roots in comprehenders’ stereotypes

about the sound of deceit, i.e., an association between disfluency and deception.

Overall, the findings of this experimental work support an account where the ef-

fects of filled pauses are better conceptualised as a routine. Experience with language

creates a ‘heuristic’ whereby filled pauses are contextually associated with language pro-

duction difficulties, which constrains processing in a relatively cost-free manner. The

emergence of this heuristic may fall under a general capacity of comprehenders to mon-

itor their interlocutor (e.g., epistemic vigilance) which evaluates both their competence

and their honesty. Further studies should explore the combination of other verbal and

non-verbal cues associated with speaker confidence to investigate whether comprehension

of filled pauses is indeed a reflection of the routinisation of social cognition in language

comprehension.



Lay Summary

Spontaneous speech is hardly perfect: Speakers tend to correct themselves, repeat words,

or fill their pauses with ‘um’ and ‘uh’. In contrast to what would be expected, the pres-

ence of these elements - what we will refer to as disfluencies - has been shown to aid,

rather than hinder, speech comprehension: For example, listeners tend to expect their

interlocutor to say some things over others when they encounter a disfluency. Further,

the presence of a disfluency can even drive listeners to interpret the sentence beyond from

what it literally says: For example, a disfluent sentence can lead listeners to believe that

the speaker is lying.

How does this happen? On the one hand, disfluencies occur in predictable pat-

terns: They are more likely to occur before a speaker refers to a rare item, or they use

an uncommon word. On the other hand, disfluencies are more likely to occur when the

speaker struggles to produce speech. These two features map onto two well-known abil-

ities of human animals: The ability to detect statistical regularities (i.e., associations),

and to reason about others (i.e., inferences). In this thesis, we explored what feature

could account best for how we comprehend disfluent speech. We investigated the effects

of disfluencies on listeners’ anticipations of what will come after the disfluency, and the

effects of disfluency in the interpretation of deceit as test beds to explore this question.

To do so, we explored what happens when speech is produced by a native or a non-native

speaker: The latter group may produce more disfluencies by virtue of producing speech

in their second language, and thus their disfluencies may not be taken as natives’ are.



We also contrasted how disfluent speech is comprehended in first- and second-language

comprehension: The latter group is arguably in a more difficult situation, and thus their

comprehension of disfluent speech may differ.

In Part I, we investigated whether listeners expect an uncommon word following a

disfluency. We measured listeners’ eye movements as they observed a scene and followed

a speaker’s instructions. The speaker, who could be a native or a non-native English

speaker, referred to one (out of two) objects on the screen either fluently or disfluently

(i.e., Click on/Click on thee uh). Importantly, the two objects on the screen were pairs

of objects who are referred to by common and uncommon words (e.g., a train and an

accordion). We found that for native listeners, the presence of a disfluency aided in com-

prehension of rarer words, regardless of the speaker’s linguistic background - but this

was not due to listeners anticipating such elements. In contrast, non-native listeners

recognised rarer words better when a native speaker produced a filled pause while they

recognised both common and uncommon words better when a non-native speaker was dis-

fluent. We interpret these findings as reflecting individuals’ having learnt an association

between disfluencies and what can cause problems for a speaker to be disfluent.

In Part II, we took the same elements to explore whether listeners interpret dis-

fluent speech as deceptive. We measured listeners’ eye movements as they attended to

speech produced by a potentially deceiving speaker, who referred to one (out of two)

objects on a screen as the potential location of a treasure. We found that native and

non-native listeners were more likely to take disfluent instructions as deceitful, regardless

of who uttered them: Listeners were more likely to click on the object the speaker did

not refer to as the actual location of the treasure when the speaker was disfluent. Impor-

tantly, listeners started to fixate on such objects shortly after they were produced. This

pattern did not differ between speakers and listeners. We take these findings as evidence

that, instead of reasoning about why the speaker is disfluent, listeners interpret disfluent

speech following a stereotype of how deception sounds - which, coincidentally, happens

to include disfluencies.



Overall, this thesis aligns with the idea that comprehension of disfluent speech

follows listeners’ associations between disfluencies and the speaker’s trouble in speech

production - even when this association is not accurate. There is a possibility that

these associations emerge as a consequence of a repeated inference, in order to ease

comprehension of spontaneous speech. Future research should explore the consequences

of this assumption.
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Chapter 1

Introduction

A month before his death, Douglas Adams gave a talk on his book, Last Chance to See,

an account of a series of journeys in the search of animals close to extinction. This is an

excerpt of a transcription of this talk, where he describes the Aye-Aye:

The Aye-aye is a very very peculiar animal. It looks like the agglomeration

of all sorts of other different animals. So, for instance, it has a sort of foxy

ears, and it has a little sort of bitty rabbit’s teeth, and it has a kind of ostrich

feathered tail, and it has very weird eyes, actually it has Marty Feldman’s

eyes. The kind of sort of looking slightly beyond you into a sort of other

dimension just over your left shoulder. But it also has one very very very

peculiar characteristic, which is its middle finger on both hands is skeletally

thin and very very long.

Although most of us would agree that Douglas Adams was a great writer and

speaker, this transcription is not an accurate representation of his talk. A more accurate

representation of how this talk was delivered would be this:

Um, uh, buuut the Aye-aye is a very very peculiar animal. It looks like the

agglomeration of all sorts of other different animals. So, for instance, it has

[silence] um, it has a sort of foxy ears, aaand it has a little sort of bitty
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rabbit’s teeth, aaand it has um a kind of ostrich tail uh ostrich feathered

tail, um and it has, it-it’s-it has very weird eyes, actually er it has Marty

Feldman’s eyes. Uh, the kind of sort of looking slightly beyond you into a sort

of other dimension just over your left shoulder. Um and um but it also has

one very very very peculiar characteristic, which is its middle finger on both

hands is skeletally thin and very very long.

The comparison between these two transcripts reveals one important character-

istic of spoken language: It contains more than just words. Douglas Adams’ speech, as

everyone’s, contained additional elements: He repeated (e.g., it-it’s) and elongated words

(e.g., aaand), corrected himself (e.g., kind of ostrich tail, uh, ostrich feathered tail), and

filled pauses with um and uh. These phenomena, referred to as disfluencies, have been

previously defined as “interruptions to the flow of speech that do not add propositional

content to an utterance” (Fox Tree, 1995, p. 709). Data from corpus studies suggest that

disfluencies are a standard feature of spoken language: Speakers average between seven to

15 disfluencies per every hundred words produced (Shriberg, 1996). Given their ubiquity

in speech, the last decades of research in psycholinguistics have started to explore how

the presence of these elements affects the comprehension of speech (Shriberg, 2001).

This thesis explores one type of disfluencies: Filled pauses, such as uh or um

in English. In particular, the work described here focuses on how disfluent speech is

processed and interpreted1. To date, research on listeners’ comprehension of speech

riddled with filled pauses has largely explored how their presence affects the processes

underlying speech comprehension. This line of experimental work has shown that the

presence of filled pauses can have consequences for semantic prediction (e.g., Arnold et

al., 2004; Arnold et al., 2007; Corley et al., 2007), syntactic parsing (Bailey & Ferreira,

2003, 2005;, Ferreira et al., 2004), or even the representation of discourse (Cevasco & van

den Broek, 2016). More recent studies have started to explore whether and how disfluent

speech is interpreted differently than when it is produced fluently. This line of research

1Note that the work presented here revolves around non-pathological disfluent speech, as opposed to
that produced by people who stutter (PWS).
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has shown that filled pauses have consequences for message representation (Corley et al.,

2007; Diachek & Brown-Schmidt, 2022; Fraundorf & Watson, 2011), and for message and

speaker evaluation: For example, disfluent speech is more likely to be taken as deceptive

(Loy et al., 2017; see also King et al., 2018; Li et al., 2022), as a speaker’s attempt to

save face (Loy et al., 2019), or as evidence of speaker’s uncertainty (Brennan & Williams,

1995). Although these two streams of research arguably tackle the same phenomenon,

there has not been a systematic effort to determine whether the same mechanisms that

underlie the processing of disfluent speech explain the resulting interpretation (e.g., by

using the same manipulation). Further, most research has been conducted with listeners

comprehending their first (or native) language, usually produced by a native speaker of

the language (with the exception of Bosker et al., 2014; Bosker et al., 2019; Morin-Lessard

& Byers-Heinlein, 2019; Watanabe et al., 2008).

This thesis steps into this arena to bridge research exploring the comprehension

processes and the interpretations of disfluent speech, with a focus on speakers’ and lis-

teners’ linguistic backgrounds. This thesis aims to explore whether the comprehension

of disfluent speech can be understood as the outcome of fast, cost-free mechanisms or

as the outcome of relatively slow, cognitively demanding mechanisms. Throughout this

thesis, we juxtapose two predictions of these mechanisms: Their automaticity (and thus

the speed of their emergence) and their flexibility. We argue that given the wealth of re-

search suggesting that speakers’ and listeners’ linguistic backgrounds can affect language

comprehension (e.g., Foucart et al., 2015; Foucart & Hartsuiker, 2021; Grey & van Hell,

2017; Grey et al., 2019; Lev-Ari, 2015), these factors (i.e., differences that could arise in

second-language (or non-native) comprehension, or due to non-native accents) should be

considered to develop a better understanding of how disfluent speech is comprehended.

Regarding listeners’ linguistic background, as we will review in further detail sec-

tions 3.2.2 and 5.2.2 of this thesis, the explanations put forward for previously reported

differences between first- and second-language comprehension tackle the properties of

the two mechanisms discussed in this thesis. Specifically, we exploit the differences in
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cognitive load between first- and second-language comprehension. Our argument is that

relatively automatic and cost-free mechanisms should have similar time courses, and if

such a mechanism is to underlie the comprehension of disfluent speech, then we should

find no differences between first- and second-language comprehenders. If, on the contrary,

the comprehension of disfluent speech relies on more cognitively costly mechanisms, then

second-language listeners should exhibit a delay in the emergence of previously reported

biases upon encountering a filled pause. It is important to note that in this thesis we

are thus focused on late bilinguals : Individuals who acquired an additional language at

or after the age of six, and usually in circumstances different from those of people who

acquired a language from birth (e.g., via formal instruction). Throughout this thesis, we

will use the native/non-native labels to emphasize that participants were attending to

speech produced by an individual who is a late bilingual, or that they were comprehending

a language that is not their first, or mother tongue. We, however, acknowledge that the

use of these labels within psycholinguistic research is problematic due to the ambiguity of

what is a (non)-native speaker (see Cheng et al., 2021). To both ensure that participants

were rightly categorised as belonging to either and that we did not exclude minoritized

populations, we gathered a set of measures such as age of acquisition, country of origin,

mode of acquisition, and language use.

In sections 3.2.1 and 5.2.1 we will review how speaker identity is a factor that can

likewise guide speech comprehension. In this case, we exploit the different stereotypes

associated with first- and second-language speakers, whereby the latter are believed to

be less reliable speakers compared to the former and, specifically, may be expected to

produce speech that contains more disfluencies. We argue that an automatic and cost-

free mechanism comes at the expense of inflexibility, so that disfluencies produced by

either speaker should yield similar biases, and in a similar time course. Cognitively-

demanding mechanisms, however, offer flexibility: In this case, listeners should exhibit

different biases, and different time courses, depending on who produces the disfluency. It

is important to note that by social effects we are concerned with the inferences made about

a speaker based on group membership, as opposed to effects that are speaker-specific (e.g.,
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shared common ground due to discourse history). In the former case, individuals rely

on the information they have (e.g., beliefs) about a speaker’s membership to build an

internal model of the speaker, which would be applied to any speaker perceived to belong

to the same category. In the latter case, individuals rely on information they have about

a specific speaker, which would not be transferred to another speaker from the same

category.

Given growing concerns in the field of psychology about the replicability of find-

ings, the experiments herein described are replications and extensions of two studies

that tackled each of these streams (i.e., Bosker et al., 2014; Loy et al., 2017, respec-

tively). The experiments described in this thesis focus on the effects of filled pauses on

the (1) prediction of upcoming items in speech and (2) interpretation of deceit. These

experiments tested comprehenders attending to speech in their first- or second-language,

produced by either a first- or a second-language speaker. Due to the characterisation of

the aforementioned mechanisms, these experiments explore the time course of disfluent

speech comprehension by using the eye-tracking technique. It is important to note that

our choice of exploring predictive processing and meaning interpretation in relation to

disfluent processing is not meant to reflect the divide between the automatic, cost-free,

and slow, cognitively demanding mechanisms that this thesis explores. Rather, either

process can be characterised by either mechanism (e.g., predictive processing could com-

prise a cognitively costly component, and interpreting meaning could occur rather fast

in a context; see, for example Ito & Pickering, 2021, for a discussion of automaticity in

prediction).

1.1 Thesis overview

Chapter 2 provides an introduction to research in filled pauses. It includes an overview

of the filled pauses literature by discussing their production: It reviews the production

of filled pauses in terms of the language production architecture and the conditions in

which they typically occur. This discussion highlights two properties of filled pauses that
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can subsequently guide comprehension of disfluent speech: Their distributional patterns,

and the causes for a speaker to be disfluent. We will then discuss what methodologies

can help us explore the comprehension of disfluent speech. Given the two streams that

this thesis explores, this thesis is divided into two parts as depicted in Table 1.1.2

Table 1.1

Overview of the experimental work of this thesis.
Part I: Processes

Lexical prediction, Bosker et al. (2014)
Part II: Interpretation

Interpretation of deceit, Loy et al. (2017)
Speaker Speaker

Native Non-native Native Non-native

Listener Native Experiment 1 Listener Native Experiment 3
Non-native Experiment 2 Non-native Experiment 4

Part I is devoted to exploring how filled pauses affect one mechanism put forward

to explain efficient speech comprehension: prediction. In Chapter 3, we briefly review

the evidence suggesting that filled pauses can modulate predictive processes underlying

speech comprehension in terms of the properties highlighted in Chapter 2. We then

contrast this evidence with the mechanisms put forward to account for prediction in

speech comprehension. This comparison will highlight that differences in speakers’ and

listeners’ linguistic backgrounds can affect predictive processing. We will then propose

that they can also interact with the effects of disfluency in lexical prediction. We will

then evaluate the evidence available for these two factors, a discussion that will set the

scene for Chapter 4.

Chapter 4 comprises the first set of experimental work of this thesis. A body of

literature suggests that upon encountering a filled pause, comprehenders’ expectations

about upcoming elements in the signal are biased, what we refer to as the disfluency

bias. We begin the chapter with a description of two mechanisms that may explain

the effects of disfluency in linguistic prediction. In this chapter, the focus is placed on

listeners’ preference to fixate on objects whose labels are low in frequency over objects

whose label is high-frequency (i.e., low- and high-frequency words). Bosker et al. (2014)

2Experiments are reported in this order for ease of reading. In fact, they were run in the following
order: Experiment 3, Experiment 1, Experiment 2, and Experiment 4, with the last three being conducted
simultaneously.
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showed that native Dutch listeners displayed anticipatory eye movements towards low-

frequency words when encountering a filled pause produced by a native speaker, but

this anticipatory behaviour was attenuated when the speaker was producing speech in

their second language (i.e., a non-native speaker). Experiment 1 replicates Bosker et

al. (2014) in a sample of native English listeners. Experiment 2 extends Experiment

1 to a sample of non-native listeners, to explore the effects of language experience and

cognitive load on the disfluency bias. These two experiments showed eased recognition

of the low-frequency item when it was preceded by a disfluency. In the case of native

listeners, this was regardless of the speaker’s linguistic background. However, while non-

native listeners exhibit a similar benefit for filled pauses produced by a native speaker,

they benefited from the presence of a disfluency when it was produced by a non-native

speaker, regardless of the frequency of the object the speaker referred to.

Part II of this thesis explores how filled pauses affect the interpretation of disflu-

ent speech by exploring the interpretation of deceit. Chapter 5 parallels the structure of

Chapter 3: It begins by presenting the evidence suggesting that disfluent speech is in-

terpreted differently from when it is delivered fluently, with a particular focus on deceit.

We then explore the accounts put forward to explain how listeners interpret meaning. By

doing so, we will discuss how interpretations can be subject to different factors, amongst

which are speakers’ and listeners’ linguistic backgrounds. This will be followed by an

evaluation of the evidence exploring how these two factors have been shown to modulate

what individuals interpret, a discussion that will lead us to Chapter 6.

Chapter 6 comprises the second set of experimental work. This body of work ex-

plores how the presence of a filled pause can lead listeners to interpret deceit. The chap-

ter follows a structure akin to Chapter 3: We firstly propose two mechanisms whereby

disfluent utterances may bias listeners to interpret deceit, what we refer to as disfluency-

as-deception bias. Loy et al. (2017) demonstrated that native listeners of English were

more likely to interpret disfluent utterances as deceitful, with an early emergence of this

interpretation as reflected in participants’ eye movements. Experiment 3 replicates and
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extends Loy et al. (2017) by presenting native English listeners with disfluent speech pro-

duced by either a native or a non-native speaker. Experiment 4 extends this paradigm to

a sample of non-native listeners to explore the effects of cognitive load on the disfluency-

as-deception bias. The results demonstrate that in scenarios where the costs of misinter-

preting a filled pause are high, listeners are insensitive to who produces the disfluency,

and this interpretation does not seem to be cognitively costly.

Chapter 7 draws together the findings from both parts. This chapter includes a

brief summary of the findings of the experiments described in the thesis, and presents a

possible mechanism to account for how disfluent speech is comprehended.



Chapter 2

What we know about disfluencies

This chapter offers an introduction to filled pauses. It first covers what disfluencies are,

with a focus on their characteristics in terms of production. From there, it goes into

a review of the two camps accounting for the production of disfluencies: the ‘fillers-

as-symptoms’ and the ‘fillers-as-signals’ accounts. Learning about the characteristics

of filled pauses will show what features they have that can subsequently impact speech

comprehension. Afterwards, we will discuss what methods can help us investigate whether

and how filled pauses impact speech comprehension, by discussing online and offline

measures.

2.1 What are disfluencies?

Disfluencies have been defined as “interruptions to the flow of speech that do not add

propositional content to an utterance” (Fox Tree, 1995, p.709). Under this umbrella fall

several different devices, such as unusual periods of silence (i.e., a silent pause) and those

filled in with a sound (i.e., a filled pause). Table 2.1 depicts a taxonomy of disfluencies.
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Table 2.1

Taxonomy of disfluencies, adapted from Shriberg (2001). The disfluency is written in
italics in each example.

Disfluency type Definition Example

Filled pause Hesitation devices such as uh, er, um in

English. Also known as fillers.

Uh we live in Dallas.

Silent pause Unsual periods of silence in speech. It is [silence] a very

peculiar idea.

Repetition Repeated phonemes, words, phrases. All the-the tools.

Deletion A subtype of repair, where the speaker

commits an error, stops, and resumes

speaking without going back to the mo-

ment before the error was committed.

It’s - I could get it

where I work.

Substitution A subtype of repair, where a speaker

makes a speech error and wishes to change

a phoneme, word, or phrase, and so

they interrupt speech and resume speak-

ing from the moment before the error oc-

curred.

Any health cover -

Any health insurance.

Insertion A subtype of repair, where the speaker

makes an error by omitting a phoneme,

word, or phrase. The speaker interrupts

speaking and resumes it to the moment

before it occurred.

And I felt - I also felt.

Articulation error A subtype of repairs, where the speaker

mispronounces a phoneme. The speaker

interrupts speaking and resumes speech

before the error occurred.

And pin - pistachio

nuts.

Lexical fillers Words that do not add propositional

meaning to the utterance. Sometimes cat-

egorised as discourse markers.

I was like so shocked.

Prolongation Syllabic lengthening. Aaaaand it also has a

kind of ostrich tail.
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This thesis is concerned with filled pauses, also referred to as fillers : Hesitation

phenomena characterised by an interruption and a delay of speech, without the addition of

propositional content, followed by a continuation of the utterance, without backtracking

to the pre-disfluency utterance, such as in (1):

(1) Uh, walk to the corner and then turn to thee uh left1.

The first component of the definition refers to the interruption and subsequent

delay of speech. Corpus studies have shown that this delay can occur at the beginning

of an utterance (i.e., utterance-initial; ‘Uh, walk to the corner’) and in the middle of an

utterance (i.e., utterance-medial; ‘Turn to thee uh left’), although compound languages

like Swedish allow for mid-word filled pauses (Eklund & Shriberg, 1998). This interruption

has been said to span from 100 ms to 750 ms (Shriberg, 2001), with utterance-initial filled

pauses lasting longer than utterance-medial ones (Swerts, 1998).

The second component of the definition refers to the sound that fills the pause.

In most languages, a filled pause represents a period of articulation of non-propositional

content that fits a language-specific convention (Rose, 2017). For example, French speak-

ers fill their pauses with eu or eh, while German speakers produce äh or ähm, although

some languages allow for more complex forms and employ lexicalised fillers (e.g., este,

‘this’, in Spanish) (Clark & Fox Tree, 2002). Across languages, filled pauses tend to be

built around central vowels and are usually followed by a nasal consonant (Crible et al.,

2017). In British English, filled pauses take the form of uh and um (de Leeuw, 2007),

where the quality of the vowel is close to a flat schwa (Shriberg, 2001), and its duration

differs between these two forms (uh can go up to 1.5 s, longer than the vowel duration of

um; Hughes et al., 2016).

Further features of filled pauses include their prosodic contours and the elements

with which they co-occur. Regarding the former, the prosodic contour of a disfluent

utterance has been shown to be a crucial factor to identify filled pauses (Shriberg et al.,

1Cases where there is backtracking (e.g., "Turn to the, uh, turn to the left" are outwith the scope of
this thesis.



Chapter 2. What we know about disfluencies 12

1997). Generally speaking, a filled pause is characterised by a low fundamental frequency,

and a falling tone (O’Shaughnessy, 1992). When a filled pause is produced mid-utterance,

its fundamental frequency is relative to the prior prosodic context (Shriberg & Lickley,

1993). Finally, filled pauses often co-occur with other disfluencies and hesitation markers:

For example, the word prior to the filled pause may be prolonged, and a silent pause

may follow them (Grosjean & Deschamps, 1975), and some authors argue that discourse

markers occur in their periphery (e.g., "I mean I think uh space is you know", Degand

& Gilquin, 2013).

Due to these characteristics, filled pauses separate themselves from other types of

disfluencies. In contrast to filled pauses, repair disfluencies include lexical material that

the speaker will replace, while silent pauses do not include a sound. This potentially

suggests that each disfluency may have different effects on comprehension (see MacGre-

gor, 2008): For example, the inclusion of material that needs to be replaced in repair

disfluencies means that these disfluencies are recognised as such because of their context

(Corley, 2010). The properties described in this section thus far propose that filled pauses

may affect speech comprehension due to the delay they represent in the speech signal.

In this following section, we discuss what additional properties they may have that can

have consequences for comprehension. We do so by describing the two main accounts put

forward to explain why speakers produce disfluencies.

2.2 When are disfluencies produced?

This section describes the two broad camps that have suggested why filled pauses are

produced: the ‘fillers-as-symptoms’ and ‘fillers-as-signals’ accounts. The former has its

origins in the most widely-accepted architecture for language production, and therefore

this review also includes a brief description of this model. The ‘fillers-as-signals’ account

takes a radically different view and conceives filled pauses as intentional messages from

the speaker, and thus includes a social component. Each section reviews the empirical

evidence supporting the claims for each account.
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2.2.1 The fillers-as-symptoms account

The ‘fillers-as-symptoms’ account considers fillers as a by-product of trouble in language

production. The different causes for a speaker to experience difficulty when producing

speech can be understood under Levelt’s (Levelt, 1983, 1989) proposed architecture for

language production. For explanatory purposes, let us first describe the basic structure

of Levelt’s (1983, 1989) model2.

This model comprises three principal components: the conceptualiser, the formu-

lator, and the articulator. Speech production starts in the conceptualiser: A speaker

engages in the conceptual preparation of a given message. This involves conceiving the

intention they want to engage in, selecting the relevant information to express it, and

ordering how information will be delivered. In this stage, the speaker needs to keep track

of the discourse context (e.g., what was said before, with whom they are talking). The

outcome of the conceptualisation stage is a pre-verbal message that needs to be translated

into linguistic units in the formulator. This translation involves accessing and retrieving

lemmas from the mental lexicon, elements that include the declarative knowledge of the

label associated with the concept required, and the syntactical properties of the label.

The last stage involves the specification of the phonetic and articulatory commands that

are fed to the articulator to produce speech.

This division of labour highlights the different steps in producing speech where

speakers may struggle. Levelt’s (1983, 1989) model includes a monitoring component

whereby speakers can self-monitor speech production. In the early stages, speakers can

monitor their internal speech: For example, they can keep track of whether the system

is producing the concept they want to express. In the later stages, speakers can hear

themselves and monitor their overt speech: For example, they can track the volume

with which they speak. In the perceptual loop theory, Levelt (1983, 1993) states that

this monitor component oversees both covert and overt speech and takes action when it

detects an error. Specifically, errors are handled following the main interruption rule:

2These basic steps are part of other models of speech production such as Dell et al.’s (1997).
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‘Stop the flow of speech immediately upon detecting trouble’ (Nooteboom, 1980). In

the case of covert speech, because the error has not been overtly produced, the main

interruption rule has consequences for the fluency of speech: A filled pause is likely to

occur when an error is encountered in covert speech but a repair is not available at the

time of the interruption.

It is worth noting that the perceptual loop theory does not fully account for

all the reasons that can lead to disfluent speech. A filled pause (and other hesitation

phenomena taken as ‘covert repairs’) can also occur due to factors other than repairing

an error (e.g., processing load) and therefore it is difficult to assess whether an error

is actually being repaired at the time a filled pause is produced (Hartsuiker & Kolk,

2001). Further, Levelt (1989) conceptualises disfluency production as a process involving

attentional control. Consequently, the fewer attentional resources available to monitor

speech, the fewer disfluencies speakers should produce. However, in situations of divided

attention, normally fluent speakers produce more filled pauses (Oomen & Postma, 2001).

Indeed, several cognitive taxing situations have been shown to increase the rate of filled

pauses, such as anxiety (Christenfeld & Creager, 1996). This suggests that filled pauses

are automatic responses to problems in speech planning (and not necessarily errors), and

that monitoring might not be a crucial component in their production. Filled pauses are

better understood as reflecting difficulties in language production, but not necessarily as

evidence of errors in covert speech.

Evidence for the presence of filled pauses as a by-product of trouble in the con-

ceptualisation stage is mixed. On the one hand, speakers are more likely to be disfluent

when they are describing a topic they are less familiar with (Merlo & Mansur, 2004),

arguably because less knowledge hinders the creation of the pre-verbal stage. Similarly,

speakers’ uncertainty about their knowledge on a given topic increases the rate of filled

pauses (Brennan & Williams, 1995; Smith & Clark, 1993; Swerts & Krahmer, 2005). On

the other hand, in carefully controlled experiments, this association is harder to find. Ex-

periments exploring the production of filled pauses commonly employ the Network Task,
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where participants are asked to describe to an interlocutor a route through a network of

images. Researchers manipulate the characteristics of these networks (e.g., the number of

names that can be used to refer to one image, i.e., name agreement) to challenge speech

production at its different stages. Schnadt and Corley (2006) explored whether difficul-

ties at the conceptualisation stage lead to an increase in the rate of disfluencies. The

authors manipulated the ease with which speakers could provide instructions by present-

ing elements for which the image was blurred or not, under the assumption that blurring

would hamper the identification of items and subsequently may pose a problem for the

conceptualiser. Schnadt and Corley (2006) did not find an increase in the rate of filled

pauses when speakers referred to blurred images as opposed to clear ones, suggesting

that difficulties in conceptualising a message do not necessarily lead to an increase in

disfluency (see also Pistono & Hartsuiker, 2023, for similar findings).

Problems at the formulation stage seem to increase the rate of filled pauses. Re-

trieving the appropriate lemma can be difficult when the information from the pre-verbal

message activates a cohort of semantically-related lemmas, increasing the competition for

selection (Hartsuiker & Kolk, 2001). For example, individuals who speak more than one

language experience competition between lemmas, and are consequently more disfluent

(Bergmann et al., 2015). This idea would also explain why, for example, lecturers in the

arts average more hesitations than those in the sciences (Schachter et al., 1991), as ar-

guably the former allows for more choices than the latter (Schachter et al., 1994): Filled

pauses are, thus, a reflection of the act of choice (Beattie & Butterworth, 1979). Indeed,

in carefully designed experiments, the rate of disfluency appears to be a function of the

number of options available to refer to an entity and the competition between those (see

also Pistono et al., 2023; Rapoeye et al., 2022).

Additionally, lemma retrieval is impacted by its accessibility. Goldman-Eisler

(1958) reported that words with low transitional probabilities (i.e., less predictable given

their preceding context) were associated with a higher rate of disfluencies. Experiments

employing the Network Task methodology have shown that elements with low name
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agreement and low frequency (which entail lower lemma accessibility) lead to an increase

in the production rate of filled pauses (Hartsuiker & Notebaert, 2010; Jaeger et al., 2012;

Pistono & Hartsuiker, 2021; Schnadt & Corley, 2006). A lemma’s accessibility is said to

be lower in second-language production (e.g., weaker link hypothesis, Gollan et al., 2008)

and it could partially explain the higher rates of filled pauses in bilinguals (Davies, 2003;

De Jong, 2016). Likewise, lemma accessibility lowers with age (e.g., transmission deficit

hypothesis, Burke et al., 1991) and indeed, older adults are reportedly more disfluent

(Mortensen et al., 2006, but cf. Arslan & Göskun, 2022; Gósy et al., 2014), a pattern

similar to that reported in patients with Alzheimer’s disease (Rohanian et al., 2021) and

in the early stages of Huntington’s disease (Tovar et al., 2020).

To summarise, under the ‘fillers-as-symptoms’ account, the presence of filled pauses

can be explained following a three-stage architecture of language production. Different

problems at different stages during this process can lead to what is seen as a disflu-

ency. In this sense, there is nothing ‘special’ about filled pauses: They are likely to be

a by-product of difficulties at different levels in speech production. Understanding the

production of filled pauses under this light shows one of their properties: They occur in

arguably predictable patterns (e.g., before low-frequency words). This, in turn, offers a

way for filled pauses to influence speech comprehension: via statistical learning, as we

will discuss in section 4.1.

2.2.2 The fillers-as-signals account

A contrasting view to the ‘fillers-as-symptoms’ account is that filled pauses are signals

instead. While a symptom is a ‘natural sign without an intervening intention’ (Fox

Tree & Clark, 1997, p.164), signals are meaningful acts produced by speakers to convey

information to their interlocutors (Fox Tree & Clark, 1997). The fillers-as-signals account

takes the fillers-as-symptoms proposal one step further by adding a social component to

the production of disfluencies: They are intentional signals from the speaker.
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This account is framed under the backchannel hypothesis. Briefly put, this hy-

pothesis argues that individuals have at their disposal two streams to communicate: (1)

the main channel, where they deliver the primary signal (i.e., the content), and (2) the

secondary channel, where they deliver collateral signals (i.e., the displays). While the

former channel allows speakers to communicate a message via linguistic devices, the lat-

ter represents a set of tools (e.g., verbal responses such as mhm or facial expressions,

Tolins & Fox Tree, 2016) that allow speakers to coordinate the message delivered via pri-

mary signals and to coordinate their communication (Clark, 2006). Via collateral signals,

speakers may comment on their performance to attract their interlocutor’s attention.

Under the backchannel hypothesis, filled pauses are collateral signals. Specifically,

they are asides : Expressions speakers use to comment on their performance (Clark,

2004) and their metacognitive state (Smith & Clark, 1993). In particular, fillers serve to

communicate that ‘At time t(filler) there will be a minor or major delay in speech’ (Clark

& Fox Tree, 2002) e.g., they can signal ‘I am searching for a word’ or ‘My conversational

turn is over’ (Clark, 2004), while providing a sense of continuity in the signal (instead

of ceasing speech) (Clark, 2002). Clark (2002) opposes the fillers-as-symptoms account

by appealing to the properties of filled pauses that cannot be merely understood as a

reflection of trouble in speech production alone. The idea that filled pauses have a social

component is based on their variance (i.e., the different forms filled pauses can take;

Clark & Fox Tree, 2002), speakers’ control over their production, and data from corpus

studies. Clark (1994) argues that while filled pauses do occur at stages where speakers

can encounter problems, disfluency is produced intentionally by the speaker to warn their

interlocutor that they are experiencing trouble in speech production, i.e., a filled pause

is the visible display of a problem the interlocutor does not have access to (Clark, 1997,

2002).

Both primary and collateral signals undergo the same Leveltonian architecture for

speech production: They need to be conceptualised, formulated, and articulated. As a

consequence, filled pauses are conceptualised as words. For Clark and Fox Tree (2002),
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filled pauses are interjections, a type of linguistic item that can constitute utterances

on their own and does not form constructions with other word classes (Wilkins, 1992,

as cited in Clark & Fox Tree, 2002). Filled pauses thus have the same characteristics as

other lexical items (i.e., semantics, syntax, phonology, and prosody). Their basic meaning

refers to an upcoming delay at the time they are produced but can adopt an implicated

meaning (Clark, 2004). Several authors have endorsed the proposal that filled pauses

belong to lexical categories, although different groups have been proposed: For example,

Kirjavainen et al. (2022) argue that filled pauses are grammatical clitics, while Tottie

(2011) conceptualises them as ‘planners’, which belong to the same category as discourse

markers such as ‘well’ (cf. Kosmala & Crible, 2022).

There are several predictions from the ‘fillers-as-signals’ account regarding the pro-

duction of filled pauses. Firstly, if hesitations are solutions to particular types of problems

(Clark, 1994), then there should be variability in the forms filled pauses take depending

on the struggle encountered. Clark and Fox Tree (2022) explored the production of filled

pauses in the London-Lund corpus and found that the differences in duration between

uh and um correlate with the amount of time it takes for speech to be resumed. The

authors argue that speakers thus choose a particular form depending on the time it will

take them to solve the trouble they have found, with um signalling a longer delay (see

Fox Tree & Clark, 1997, for a similar argument regarding the production and elongation

of the). Although some authors have reported similar findings (e.g., Kendall, 2013), this

idea that filled pauses vary in how they are produced has been contested due to how the

pause following a filled pause was measured, as it relies on subjective measures of how

long the pause was perceived to be (O’Connell & Kowal, 2005).

Secondly, speakers do not produce filled pauses every time they struggle with

language production (Clark, 1994). Corpus studies have shown that the production rate

of filled pauses depends on the nature of the conversation. Filled pauses are more likely

in dialogue than in monologue (Shriberg, 2001), which supports the idea that speakers

produce filled pauses to communicate with their interlocutors. However, these results
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have not been replicated in carefully controlled experiments (Finlayson & Corley, 2012).

Further, Oviatt (1995) reported that while the per-word rate of disfluencies in human-

human interactions was 0.06, it dropped to 0.008 for human-computer interactions - a rate

than can increase when there is another person in the room (Walker et al., 2014). The

relationship between the rate of production of filled pauses and the presence of another

person supports the notion that filled pauses are listener-oriented.

Conceptualising fillers as intentional signals predicts that different communicative

needs in a conversation can impact their rate of production. Maclay and Osgood (1959)

found that filled pauses were more likely to be produced at syntactic junctures, i.e.,

between two separate utterances. Maclay and Osgood (1959) argue that speakers fill

their pauses between utterances because they need to signal that they wish to hold the

floor, contrary to mid-utterance silences, where the interlocutor is aware that the speaker

has not finished talking. This parallels the finding that filled pauses characterise the

beginning of a turn (i.e., a stalling act, Stenstrom, 2014): Speakers communicate that

they are deciding what to say, but that the floor is theirs (Shriberg, 2001). In this sense,

filled pauses can help interlocutors manage turn-taking (Kjellmer, 2003). Indeed, speakers

produce more filled pauses when they cannot see their interlocutor (Belz & Reichel, 2015;

Kasl & Mahl, 1965): As visual presence smooths conversation, speakers may compensate

for the lack of this channel by increasing their use of verbal collateral signs.

Collateral signals can also help the speaker present themselves to their interlocutor

in a particular manner. Smith and Clark (1993) argue that commenting on one’s meta-

cognitive state can aid speakers’ self-presentation in situations when they are uncertain

about their knowledge. When answering a question for which they do not know the

answer, or they feel unsure about whether their answer is correct, speakers produce more

filled pauses than when they are sure they do not know the answer, or they are uncertain

about their knowledge (Feeling of One’s Knowing, FOK, Brennan & Williams, 1995).

Saving face can also explain why filled pauses may accompany dispreferred responses.

For example, declining an invitation may have potential underiable social effects. To
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compensate, speakers accompany the linguistic expression of the refusal with filled pauses

and other markers, such as ‘well’ (Kirjavainen et al., 2022; Rose, 1998). Conversely, in

scenarios where speakers do not want to display their meta-cognitive state, they may

reduce the amount of collateral signals they produce. For example, speakers are less

disfluent when they are being deceptive (Loy et al., 2018).

Finally, if filled pauses are socially-oriented, then they should be subject to in-

dividual differences in aspects pertaining to social cognition. For example, there are

individual differences that make speakers more prone to be disfluent (Branigan et al.,

1999) such as gender, social class, or personality traits such as extraversion (Dewaele &

Furnham, 1999; Tottie, 2011, 2019) - traits that have been shown to impact individuals’

social orientation. Likewise, individuals on the Autistic Spectrum tend to produce fewer

filled pauses compared to individuals who are not on it (Bellinghausen et al., 2020; Gor-

man et al., 2016; Lake, 2010; MacFarlane et al., 2017), arguably because individuals on

the spectrum may differ from neurotypical individuals in how they use social cues.

To sum up, the ‘fillers-as-signals’ account adds a social dimension to the production

of filled pauses. Under this view, filled pauses are intentionally produced signals from

the speaker to comment on their linguistic performance and their meta-cognitive state.

Specifically, filled pauses take the basic meaning ‘there will be a delay in the signal’,

which can then be further refined via implicatures. The addition of this social component

highlights another aspect of filled pauses: They offer a window to the speaker’s mental

state, to which listeners may be tuned and thus guide their comprehension following the

perceived meta-cognitive state of their interlocutor.

2.2.3 Interim discussion

Filled pauses have characteristics that distinguish them from other kinds of hesitation

phenomena. They are interruptions that delay speech, which speakers fill with sounds

that commonly involve a vowel but that do not carry propositional content. Their pro-

duction can be understood as a symptom of struggle in the production of speech. In
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an extreme position, they are intentional signals from the speaker to comment on their

linguistic performance.

Across experiments and corpus analyses, filled pauses have been shown to occur

in predictable patterns. This is in line with a three-stage architecture with a monitoring

component. Specifically, data suggests that filled pauses are likely to emerge due to

difficulties in formulating the linguistic message. Further, the production of filled pauses

also seems to fluctuate as a function of the conversational context: Filled pauses can

take different forms depending on the length of the delay in speech, and they are more

likely to arise when speakers interact with another human. Therefore, the production of

filled pauses can be partially explained by conversational needs: For example, they are

more likely to occur when speakers wish to hold the floor and when they want to express

uncertainty about the knowledge conveyed in the utterance. This suggests that there is

evidence for both the ‘fillers-as-symptoms’ and the ‘fillers-as-signals’ accounts.

As Corley and Stewart (2008) propose, while there is a strong correlation between

the production of filled pauses and a speaker’s cognitive state, filled pauses themselves

do not need to be intentional signals. For example, the distributional patterns of filled

pauses do not necessarily suggest that these are points in which a speaker may want to

signal they are struggling; that is, they can signal trouble, but without speakers inten-

tionally producing them. Crible et al. (2017) argued that the division between these

two accounts is a consequence of regarding disfluency in general under sequential (i.e.,

patterns of combination), situational (i.e., social and contextual norms), and ambivalent

(i.e., situation-specific) factors. A better account for filled pauses should conceptualise

them as being on a continuum between these two categories, i.e., sometimes produced un-

intentionally, and sometimes intentionally. In some scenarios, filled pauses can be better

explained as a symptom, where they may arise due issues with to lexical retrieval (and

therefore likely to co-occur with other hesitation phenomena). In other circumstances,

filled pauses can be signals, likely to arise at syntactic boundaries (and to co-occur with

discourse markers) (Kosmala & Crible, 2022).
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2.3 How can filled pauses affect speech comprehension?

Thus far, we have reviewed the accounts proposed for the production of filled pauses and

the evidence in support of each. Regardless of whether they are symptoms or signals,

their ubiquity in speech and the different factors affecting their production rate (e.g.,

problems in production, communicative contexts) may affect how their presence affects

disfluent speech comprehension.

Originally, filled pauses were considered to be treated as ‘noise’ by the comprehen-

sion system (Martin & Strange, 1968). Under this account, the comprehension system

filters disfluencies out. This viewpoint was further justified by evidence showing that lis-

teners do not exhibit good recall for the position of filled pauses in utterances just heard

(Duez, 1985; Lickley & Bard, 1998; Lindsay & O’Connell, 1995). However, these find-

ings are hard to reconcile with evidence showing that speech peppered with filled pauses

affects comprehension. For example, words preceded by a filled pause decrease listeners’

reaction times when selecting the referent (Fox Tree, 2002), and listeners’ evaluations

of disfluent speech differ from those of fluent speech (e.g., perception of dishonesty, Fox

Tree, 2002). These differences suggest that, instead of being filtered out, the comprehen-

sion system perceives and integrates them. The advancement of new methodologies such

as eye-tracking have further shown that the presence of filled pauses affects the online

processing of speech: For example, listeners display anticipatory eye movements towards

certain elements (over others) if the speaker is disfluent (Arnold et al., 2004, 2007; Bosker

et al., 2014; Bosker et al., 2019; Heller et al., 2015).

In this thesis, we are interested in the effects disfluencies may have on comprehen-

sion from two perspectives: The online processes that take place while speech is being

comprehended, and the interpretations derived from speech, i.e., what happens while lis-

teners attend to disfluent speech and its outcome. These two components are explored

in this thesis by using the prediction of upcoming elements in speech and the interpreta-

tion of deceit following disfluent utterances. In what follows, we briefly review how the

methodology employed in this thesis can help us explore these two perspectives.



Chapter 2. What we know about disfluencies 23

2.3.1 Methodology

Online measures: The Visual World Paradigm

One method to explore the online processing of speech comprehension involves measuring

listeners’ eye movements while they inspect a visual scene and attend to speech. This

paradigm is known as the Visual World Paradigm (henceforth, VWP; Cooper, 1974;

Tanenhaus et al., 1995). Participants are presented with a set of visual stimuli while they

are listening to speech under the assumption that speech comprehension shifts partici-

pants’ attention around the visual input (Magnuson, 2019).

Cooper (1974) first demonstrated how eye movements over a visual scene are

guided by accompanying speech. Figure 2.1 depicts the visual display of an example trial

in Cooper (1974). Listeners were presented that scene while attending to a narrative (e.g.,

‘While on a safari in Africa [...] I noticed a hungry lion slowly moving through the tall

grass toward a herd of a grazing zebra’). Upon encountering the word Africa, participants’

fixations were biased: They were more likely to fixate on elements such as the lion, the

snake, and the zebra. This showed that listeners tend to look at visual elements related

to the linguistic information they are processing in real-time. As the narration continued,

participants tended to fixate on the elements mentioned (e.g., the lion) shortly after they

were produced. Cooper’s (1974) methods were then popularised by Tanenhaus et al.

(1995) and have been used since to investigate different levels of language comprehension

(Huettig et al., 2011) and with different populations (e.g., children, Trueswell, 2008).

For example, the VWP has been used to investigate phonological processing (Allopenna

et al., 1998), semantic prediction (Altmann & Kamide, 2007), pre-activation of shape

features of predicted upcoming linguistic elements (Rommers et al., 2013) and pragmatic

comprehension (Grodner et al., 2010; Kurumada et al., 2014). Research suggests that eye

movements are oriented towards named objects as soon as 100 ms (Altmann, 2011) or

200 ms (Matin et al., 1993) after the spoken name becomes unambiguously identifiable.

A typical VWP display contains at least two objects. This display is usually

presented on its own for a brief period of time (the preview window), and then the auditory
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Figure 2.1. Visual display of a trial in the Visual World Paradigm, from Cooper (1974).

stimulus is presented. The auditory stimulus commonly refers to one of them (i.e., the

target or referent), and the unmentioned element serves as a distractor. Researchers can

be interested, for example, in knowing when fixations are oriented towards the item being

mentioned, or how the differences (or similarities) between the referent and the distractor

can delay participants’ fixations towards the referent. The VWP is therefore a time-

locked measurement suitable for investigating speech comprehension as utterances unfold

(Ferreira et al., 2013; Huettig et al., 2011; Tanenhaus, 2007), with language-mediated eye

movements being largely automatic and unintentional (Mishra et al., 2013).

Importantly to this thesis’s aims, the VWP can also aid in understanding how

disfluencies can guide comprehension. Arnold et al. (2007) capitalised on the fact that

filled pauses commonly precede unfamiliar, and thus harder-to-name objects. In their

study, participants were presented with a four-image array, where two items were familiar

objects (e.g., ice cones) and two were unfamiliar objects (e.g., squiggly shapes), with each

familiar-unfamiliar pair matched in colour (red and black). By having this manipulation,

the authors could explore whether the disfluency biased participants towards an element

before it is disambiguated. Participants were asked to follow auditory instructions, which

could be delivered fluently or disfluently (Click on the red [item] versus Click on thee uh

red [item]). Upon encountering filled pauses, participants fixated on unfamiliar objects

before their names were uttered, suggesting that they predicted the upcoming referent

based on the manner of delivery.
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The VWP has also been previously employed to investigate the time course of

interpretations triggered by disfluent speech. Loy et al. (2017) exploited the stereotype

individuals hold about the sound of deceit, whereby liars are thought to produce more

filled pauses (Zuckerman et al., 1981). Participants saw a two-image visual array while

listening to a potentially deceitful speaker refer to either object as the potential location

of a treasure. Participants were asked to select the location where they thought the

treasure actually was, with the speaker’s speech as the only information upon which they

could make their decision. Importantly, the speaker would sometimes produce fluent or

disfluent instructions (The treasure is behind the [item] versus The treasure is behind thee

uh [item]). Participants’ fixations towards the unmentioned elements increased shortly

after encountering the disfluency, and they were more likely to ultimately choose them

as the location of the treasure i.e., disfluent utterances were interpreted as deceptive.

The time course of fixations demonstrated that the ultimate interpretation of a disfluent

utterance in a given context emerges early while comprehending speech.

These two experiments suggest that the VWP is an appropriate technique to

investigate how disfluencies affect speech comprehension. However, it is important to

note that the VWP paradigm is not without caveats. As discussed in Huettig et al.

(2011), the presentation of visual stimuli alongside speech can further impact predictive

processing by activating the linguistic items corresponding to the images presented, which

in turn can confound pre-activation due to auditory stimuli with that of visual stimuli

(although cf. Rommers et al., 2013, for the effects of preview time). How eye movements

are analysed can also be the subject of critiques, starting from how to represent eye

movements (e.g., as binary or proportional data; Barr, 2008; Donelly & Verkuilen, 2017;

Jaeger, 2008) to the statistical approach used (see Ito & Knoeferle, 2022; Stone et al.,

2021). Importantly, different research questions would require different analyses (Ito &

Knoeferle, 2022).

In this thesis, we are interested in the biases exerted by disfluent speech. We

understand a bias as a preference towards an element which comes at the expense of a
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dispreference towards another. Therefore, throughout this thesis, we will measure eye

movements via empirical logits (Barr, 2008). Further, eye movements rarely follow a

linear pattern (Porretta et al., 2018). The questions of interest in this thesis in fact

revolve around non-linearity, by asking the rate of growth of a preference to fixate on

a particular element (Experiments 1 and 2), and when the preference to fixate on a

particular object emerges (Experiments 3 and 4). In this thesis, we accounted for the non-

linearity of eye movements over time presenting additional analysis using Growth Curve

Analysis (Mirman et al., 2008; Mirman, 2017) in Chapter 4 and Generalised Additive

Mixed Models (Wood, 2006, 2011; see also Wieling, 2018) in Chapter 6.

Offline measures: Participants’ choices

To investigate how speech is represented, researchers have commonly relied on offline

measures, such as comprehension questions. These measures offer a window on speech

comprehension and commonly include asking participants how grammatical a sentence

was (Ferreira & Yang, 2019), what event was conveyed by a sentence (e.g., Cai et al.,

2022; Gibson et al., 2013), or what words they can recall from the experiment (e.g.,

Corley et al., 2007). Likewise, these measures can show under what conditions listeners

believe the speaker to be sarcastic (Bazzi et al., 2022; Caffarra et al., 2018; Woodland &

Voyer, 2011), or how listeners evaluate the speaker (Hendriks et al., 2017; Lindemann,

2005; Schüppert et al., 2015).

Offline measures have been particularly useful to deepen our understanding of how

disfluent speech is represented. Bailey and Ferreira (2003) found that the presence of a

filled pause in an otherwise garden path sentence affected participants’ grammaticality

ratings (Exp. 1, although this could be explained by the increased distance until the

disambiguation point, Exp. 2), and importantly, the presence of a filled pause in unusual

positions decreased grammaticality ratings (Exp. 3). Likewise, listeners remember better

the details of a story if they are preceded by disfluencies (Fraundorf & Watson, 2011),

and the presence of a filled pause boosts the memory of the words said (Corley et al.,

2007; Diachek & Brown-Schmidt, 2022).
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Crucial for Part II of this thesis is the fact that disfluent speech can yield a different

interpretation from that triggered by fluent speech. Listeners ascribe less certainty about

knowledge of a given topic to a speaker if they are disfluent (Brennan & Williams, 1995),

rate disfluent speakers as less intelligent (Christenfeld, 1995), and, crucially, disfluent

utterances are more likely to be interpreted as deceitful (Loy et al., 2017; see also King et

al., 2018; Li et al., 2022). In this thesis, we will rely combine the online measures described

above with offline measures to investigate how disfluency impacts the interpretation of

speech. Specifically, we will evaluate participants’ interpretations of disfluent speech as

deceiving. As Ferreira and Yang (2019) point out, linking offline and online measures can

provide a better understanding of how speech is processed and represented. Therefore,

these measurements will be particularly relevant in Chapter 6, when we will discuss them

in relation to participants’ online processing of disfluent speech.

2.4 Conclusion

This chapter was a brief introduction to filled pauses. We have discussed what charac-

terises them, and the two broad theoretical proposals that account for their production.

From this discussion, we have learnt that filled pauses occur in predictable patterns that

have correspondence with trouble in speech production at the level of formulating the

message (and with mixed evidence for trouble at the level of conceptualising the mes-

sage). Further, filled pauses’ production also has a social dimension, whereby speakers

appear to be more likely to produce them when interacting with social agents.

The ubiquity of filled pauses in speech, alongside their characteristics, suggests

that they may impact speech comprehension. Further, these properties can have different

effects depending on the communicative contexts, i.e., the processes involved in language

comprehension, and the interpretation derived from speech. The first area will be explored

in Part I of this thesis, and we will return to the second in Part II. Across both parts, we

will use online measures to investigate how filled pauses affect the time course of language
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comprehension. In Part II, we will also look into participants’ interpretations to explore

how the presence of a disfluency can impact the interpretation of an utterance.



Part I:

Processes in speech comprehension



Chapter 3

Prediction in speech comprehension

Speech comprehension is a remarkable ability. As listeners, we have to deal with three to

five words per second (Picheny et al., 1986) and the errors that speakers may produce as

they talk to us (cf. Chapter 2). Sometimes we do not pay full attention to our interlocutor,

or there is background noise. Technically, all these factors should make comprehension of

spontaneous speech a difficult task. However, most of us would agree that comprehension

in real life feels rather effortless, but why is that so?

Traditionally, language comprehension has been thought to reflect ‘bottom-up’

processing (Forster, 1979). Comprehension was regarded as the outcome of linking up-

coming information with previously encountered input and the comprehender’s back-

ground knowledge (Long & Lea, 2005). Brown and Hagoort (1993) explored the compre-

hension of words preceded by semantically related and unrelated primes (e.g., peace-war

versus star -hour), where primes could be masked or unmasked. This manipulation en-

tailed that in the former condition, the prime word could not be perceptually identified,

but related primes could still activate semantically related words by unconscious process-

ing. Brown and Hagoort (1993) found that words preceded by an unmasked unrelated

prime elicited a brain response associated with semantic processing (i.e., the N400 effect)

in contrast to unmasked related primes, which was absent for masked, unrelated primes.

The authors interpreted their findings as reflecting the easier integration of upcoming
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words due to an already-built representation resulting from the prime. This increased

ease in processing words thanks to the preceding context also explains why predictable

words (relative to unpredictable words) are easier to comprehend (Rayner et al., 2004;

see also Kutas et al., 2011). Under this view, speech comprehension reflects the ease with

which one can build a coherent representation and link information: Listeners passively

receive information and link it with what they have already encountered.

This view is in contrast with both anecdotal (e.g., the feeling of knowing what

our interlocutor will say next) and experimental evidence (e.g., shadowing experiments,

Marslen-Wilson, 1973). In their seminal eye-tracking experiment, Altmann and Kamide

(1999) demonstrated that descriptions of a scene with different objects (e.g., a cake, a

balloon) that included constraining verbs (i.e., verbs that can only refer to one object,

e.g., only a cake can be eaten) led listeners to fixate on objects that were semantically

related and plausible (e.g., eat-cake) before these objects were encountered in the signal.

Indeed, there is now a wealth of research suggesting that comprehenders can anticipate

speech continuations based on semantic (e.g., van Berkum et al., 2005; Wicha et al., 2004)

as well as morphosyntactic information (e.g., Dahan et al., 2000; Kamide et al., 2003;

Knoeferle et al., 2005; Lew-Williams & Fernald, 2007; Sussman & Sedivy, 2003).

In line with this evidence, current proposals of language comprehension have

started to include a predictive mechanism, with authors ascribing different degrees of

importance to it (e.g., Dell & Chang, 2013; Fitz & Chang, 2019; Huettig, 2015; Huettig

& Mani, 2016; Nieuwland, 2019; Pickering & Gambi, 2018; Pickering & Garrod, 2004;

2014). According to this view, comprehension not only involves the previously described

integrative mechanisms but is also guided by anticipatory processes where the system

tries to get ahead of what it will encounter next. One way of characterising prediction

is by assuming that relevant linguistic information can be activated before it is encoun-

tered in the (bottom-up) signal (Pickering & Gambi, 2018). Several questions regarding

prediction in language comprehension remain unanswered (Ryskin et al., 2020), such as

the representational level at which prediction occurs (e.g., syntax, Levy, 2008; semantics,
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Federmeier, 2007), or the level of detail of predictions (see for example, the debate on

whether phonological details of upcoming elements are activated, DeLong et al., 2005;

Ito et al., 2017; Kochari & Flecken, 2019; Nicenboim et al., 2020; Nieuwland et al., 2017;

Yan et al., 2017). Nonetheless, it is clear that prediction does occur, to varying degrees,

in language comprehension.

Predictive processing can be guided not only by linguistic information (e.g., se-

mantic or morphosyntactic information): How an utterance is delivered can also affect

its comprehension. For example, prosody can increase the perceptual salience of a word

(Cutler, 2005), which in turn eases its recognition (Donselaar et al., 2005), as well as

mark an utterance’s syntactic boundaries (Cole et al., 2015). In Part I of this thesis,

we are interested in whether and how manner of delivery, in the sense of fluency, can

modulate listeners’ expectations with a focus on what factors can interact with manner

of delivery to guide comprehension.

The structure of this chapter is as follows: We first review the literature pertaining

to the effects of manner of delivery on predictive processing, by discussing the evidence

on whether filled pauses can bias comprehenders’ anticipations. This review will show

that the previously described properties of filled pauses can explain these findings, i.e.

their distribution and the causes for a speaker to be disfluent. In order to understand how

these two properties can account for the effects reviewed, we will contrast them with two

mechanisms put forward to account for predictive processing in speech comprehension:

an associative and an inference mechanism. From this discussion, we will learn the impli-

cations of each account for the comprehension of disfluent speech: In particular, we will

discuss what these accounts entail for the speaker’s and the listener’s characteristics. Our

argument is as follows: The mechanisms proposed to aid prediction in speech compre-

hension predicate on specific features (e.g., exposure to a language, cognitive resources,

speaker identity) that differ between native and non-native listeners and speakers. By

highlighting how predictive processing can vary as a function of the linguistic background

of the interlocutors, we will argue that exploring the comprehension of disfluent speech
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under the light of this feature can deepen our understanding of the potential constraining

effects of filled pauses on prediction.

For simplicity of argument in this section, we will couch our discussion in terms

of prediction (and pre-activation), but much of what we say could also be construed in

terms of ease of integration. In fact, some authors propose that prediction and integration

are better understood as two sides of the same coin (e.g., Ferreira & Chantavarin, 2018;

Kuperberg & Jaeger, 2016), such that speech comprehension is aided by both processes

(Luke & Christianson, 2016). For example, Ferreira and Chantavarin (2018) advocate for

a “forward-looking process that occurs before the linguistic input is received (...) in this

view, precise lexical prediction is not common, but preparedness for relevant semantic

categories and gestures is part of normal language processing” (Ferreira & Chantavarin,

2018, p. 446).

3.1 Predictive processing in spoken language: The role

of manner of delivery

A speaker’s manner of producing an utterance can vary in many ways, with each exerting

potentially distinctive effects on how speech is comprehended. Weber et al. (2006)

exploited German’s free word order and use of case and gender marking to assign thematic

role to explore how prosody can mark syntactic structure. In German, articles marked

as masculine take different forms to mark nominative and accusative cases (i.e., der and

den, respectively), while in contrast, the feminine case takes the same form: die. Consider

sentences (1a) and (1b):

(1a) Die Katzenominative jagt womöglich den Vogelaccusative.

The catnominative is possibly chasing the birdaccusative.

(1b) Die Katzeaccusative jagt womöglich der Hundnominative.

The cataccusative is possibly chased by the dognominative
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Due to the ambiguity of the feminine case, the thematic role of the cat is ambiguous

until the second noun is encountered both in (1a), with the structure Subject-Verb-Object

(SVO) and (1b), with the structure Object-Verb-Subject (OVS). In an eye-tracking ex-

periment where participants were presented with scenes that included all characters of

sentences (1a) and (1b) (i.e., a cat, a bird, a dog), the authors manipulated the utterance’s

prosody by either placing the stress on cat or on chase. In the former case, the utterance

is said to have an SVO-type intonation, while the former aligns with an OVS-type into-

nation. At the moment when womöglich was encountered, listeners started to fixate on

the dog if chase had been stressed (i.e., listeners understood the cat was being chased,

and expected an agent for the action). Importantly, this pattern of fixations emerged

before the disambiguating noun (i.e., the dog) was encountered in the bottom-up signal,

suggesting that manner of delivery in the form of prosody constrained listeners’ expecta-

tions about the upcoming syntactic structure (for similar findings for the role of prosody,

see Hirose & Mazuka, 2015; Nakamura et al., 2012; Nakamura et al., 2022; Snedeker &

Trueswell, 2003). Taken together, these findings speak to the fact that how an utterance

is produced can guide listeners’ expectations. In the following section, we review the

effects of fluency as another dimension of manner of delivery in predictive processing.

3.1.1 Disfluency in predictive processing

Speakers can vary in how fluent they are in uttering a sentence by, for example, producing

filled pauses (cf. Section 2.2). While the specifics of the mechanisms involved in disfluent

speech comprehension will be reviewed in Section 4.1, in the next section we will review

the effects found for disfluent speech on predictive processing of speech by dividing these

effects into those that align with filled pauses’ distributional properties, and those that

consider the speaker’s mental state.

The distribution of filled pauses in speech

One way in which disfluencies can guide listeners’ anticipations is via their distribution.

In Section 2.2, we discussed how one key property of filled pauses is that they occur in
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predictable patterns: They are more likely to precede certain lexical items over others e.g.,

those that are harder to retrieve such as low-frequency words (Hartsuiker & Notebaert,

2010). In line with this hypothesis, eye-tracking experiments employing the Visual World

Paradigm (VWP, see Section 2.3.1) have shown that comprehenders display anticipatory

eye movements towards discourse-new referents (Arnold et al., 2004), unfamiliar elements

(Arnold et al., 2007), or items with low-frequency labels (Bosker et al., 2014, Exp. 1)

following a filled pause.

A parallel stream of research has measured event-related potentials (ERPs) to

investigate the comprehension of disfluent speech without the confounding effect of visual

presentation. Corley et al. (2007) investigated the modulation of the N400 component,

an ERP component related to semantic processing and previously found to be elicited

by unpredictable words given their preceding contexts. In their study, participants were

presented with sentences such as Everyone’s got a bad habit and mine is biting my...

that could have a predictable (nails) or an unpredictable (tongue) continuation. Given

that filled pauses commonly precede unpredictable words, the authors hypothesized that

the presence of a filled pause should at least ease the integration of unpredictable words.

Indeed, they found that while fluent utterances with unpredictable endings did evoke an

N400 effect, the processing of disfluent utterances with unpredictable endings did not

elicit this response. Their results align with those findings from experiments employing

the VWP in that disfluencies affect the processing of otherwise harder-to-process words.

Additional evidence for the comprehension of filled pauses as a function of their

distributional patterns comes from developmental studies. Previous research has shown

that children are sensitive to the distributional patterns of the linguistic input (Romberg

& Saffran, 2010; Saffran et al., 1996), suggesting that they may be equally likely to predict

following filled pauses. Kidd et al. (2011) demonstrated that children as young as 20

months old display anticipatory eye movements towards unfamiliar and discourse-new

entities following a disfluent utterance. However, the fact that the predicted elements

were both unfamiliar and discourse-new (due to their experimental design) may have
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inflated the predictive utility of the disfluency: The salience of the referent could be

heightened because it meets two criteria (instead of one) to follow a disfluency. When

these two factors are disentangled, children appear to display anticipatory eye movements

towards discourse-new entities (Owens & Graham, 2016), but not for unfamiliar objects

(Owens et al., 2018). This latter finding aligns with research demonstrating that children

learn new labels equally well regardless of how they are produced in terms of manner of

delivery (White et al., 2020, Exp. 2; see also Libersky et al., 2022, Exp. 1 and 2 for

bilingual adults).

Overall, these findings indicate that disfluencies can affect predictive processes un-

derlying speech comprehension by virtue of their distributional patterns. Comprehenders

have learnt an association between disfluency and the elements that contextually co-occur

with them via exposure to speech. At face value, this statistical learning can be taken as a

‘blind’ association. However, as we will see in the next section, the distributional pattern

of a filled pause cannot fully account for all the evidence showing that filled pauses can

constrain listeners’ predictions.

The reasons for a speaker to produce a filled pause

The presence of a filled pause can be traced back to the speaker’s cognitive state. For

example, speakers are more likely to produce a disfluency when they experience cognitive

load (Bortfeld et al., 2001). When speakers produce a filled pause, listeners can predict

what the speaker will say next by reasoning about the causes for them to produce speech

in such a manner, i.e., they can learn due to a causal inference between disfluency and

what can cause it. Indeed, there is evidence supporting that there is a social aspect

to the effects of filled pauses on speech comprehension: Disfluencies in synthetic speech

do not show the same benefits in comprehension as those produced in vocoded speech,

arguably because the latter sounds more natural (Dall et al., 2014). Likewise, disfluencies

seem to orient comprehenders’ attention to the speaker (Huizeling et al., 2022; Yeo &

Alibali, 2017), suggesting that upon perceiving that the speaker struggles with speech



Chapter 3. Prediction in speech comprehension 37

production, listeners focus on them to improve communication by, for example, preparing

to take action (Eklund & Ingvar, 2016, Mårback et al., 2009).

One way whereby the perceived speaker’s mental state can impact the predictive

value of a filled pause is via comprehenders’ expectations of that speaker’s language use.

Arnold et al. (2007, Exp. 2) presented listeners with a visual array containing familiar

(e.g., ice cones) and unfamiliar (e.g., squiggly shapes) drawings. Half of the participants

were explicitly told that the speaker had a condition that made speech production difficult

(i.e., agnosia) and that therefore the speaker might be disfluent. While those listening

to an ‘unimpaired’ speaker displayed anticipatory eye movements towards unfamiliar

objects following a filled pause, because producing a new label is harder than producing

an already-used one, this pattern was attenuated for those listening to the speaker who

was introduced as having agnosia. This suggests that listeners’ a priori expectations about

a speaker’s production abilities were taken into consideration during comprehension and,

in turn, constrained the predictive value of disfluencies. A similar finding has been

reported when children are presented with a speaker who is introduced as ‘forgetful’

(and thus produces more filled pauses) and a ‘knowledgeable’ speaker. In contrast to a

knowledgeable speaker, the forgetful speaker’s disfluencies did not lead children to display

anticipatory eye movements towards unfamiliar items (Orena & White, 2015). Even when

listeners are not explicitly told about the potential struggles a speaker may experience

when producing speech, there is an attenuation in the predictive value of filled pauses

when the speaker’s identity entails a different pattern of disfluencies (e.g., if the speaker’s

accent indicates that they are producing speech in their second language, Bosker et al.,

2014, Exp. 2).

Yet not all a priori expectations about a speaker’s language use seem to modulate

predictive processing. Filled pauses produced by people who stutter (and thus should

be expected to produce more disfluencies) lead listeners’ eye movements towards unfa-

miliar objects in a similar way to typically-produced filled pauses even when listeners

are forewarned about the speaker’s condition (Leonard et al., 2016). This contrasts with
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Arnold et al.’s (2007, Exp. 2) results, where instructing participants that the speaker’s

speech will likely include filled pauses (i.e., the speaker had agnosia) led to a decrease

in anticipatory eye movements. Leonard et al. (2016) argue this lack of effect might be

attributable to listeners’ quick adaptation to the speaker’s distribution. Leonard et al.’s

(2016) findings align with other studies exploring how certain identities stereotyped as

producing disfluent speech still modulate listeners’ predictions. For example, disfluencies

produced by older adults bias eye movements towards discourse-new elements similarly

to disfluencies produced by younger adults, even when the former group is said to be

more disfluent and listeners report holding that belief (Saryazdi et al., 2021). Taken

these results together, it may be possible that in some scenarios, the stereotype about

the speaker’s ability to produce fluent speech may be not relevant - or, at least when it

comes to predicting what they will say next.

The studies described so far have used a static identity of the speaker (i.e., it

is a constant attribute). A stronger test of the idea that listeners consider the speaker

when comprehending disfluent speech involves exploring scenarios where the production

of a disfluency is context-specific (instead of speaker-specific). Barr and Seyfeddinipur

(2010) explored whether the preference for discourse-new entities following a disfluency

reflected listeners’ or speakers’ perspectives in an eye-tracking experiment. In practice

trials, participants listened to one speaker refer to elements in a visual scene, while in test

trials, participants could hear either the same speaker or be introduced to a new speaker.

By doing so, the authors manipulated the discourse status of the elements the speaker

could refer to: In the old-speaker condition, the discourse status of the elements on the

screen was the same for both parties. In the new-speaker condition, however, there was

a mismatch: All elements were discourse-new for the speaker, while only some were for

the listener. Barr and Seyfeddinipur (2010) found that disfluencies in the old-speaker

condition led to anticipatory eye movements towards discourse-new referents, similarly

to previous studies (Arnold et al., 2004). In contrast, those who were introduced to a

new speaker did not display anticipatory eye movements following a disfluency. This

suggests that listeners dynamically adapt to their interlocutor and predict according to
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their perspective, with children as young as four years old showing this ability (Yoon et

al., 2020, Exp. 2, but cf. Thacker et al., 2018, for a lack of effect in a similar task).

Heller et al. (2015) took Barr and Seyfeddinipur’s (2010) design one step further

by testing participants with an artificial language. Across two experiments, the authors

tested the degree of flexibility of comprehension of disfluent speech. By employing an

artificial lexicon, the authors aimed to disentangle whether anticipations following a dis-

fluency are modulated due to listeners’ prior experience, or by recently acquired knowl-

edge. In these experiments, participants saw scenes depicting objects for which they had

not learnt a label (and thus disfluency could be a cue for these referents, as disfluency is

associated with objects with unconventional names, that require longer descriptions, and

that have not been referred to previously), alongside objects with recently learnt labels

(and thus disfluency could be associated with these labels, because they might be per-

ceived as difficult to retrieve). Further, Heller et al. (2015) additionally manipulated the

speaker’s and the listener’s perspectives: Participants were informed about whether the

speaker knew all the labels or not. This manipulation explored whether comprehenders

anticipated based on their own perspective, or if they could consider their interlocutor’s

knowledge.

In two eye-tracking experiments, Heller et al. (2015) reported that disfluent ut-

terances modulated participants’ expectations. Specifically, the presence of a disfluency

biased participants’ fixations towards objects with newly acquired labels (instead of ob-

jects that require long descriptions or that lack a conventional name, Exp. 1). However,

when participants received a longer training session with the artificial lexicon (Exp. 2),

this preference for objects with newly acquired labels following a disfluency disappeared,

suggesting that the findings in Experiment 1 could be attributed to listeners’ inferences

of what is difficult to produce. However, in both experiments, the bias elicited by the

presence of a disfluency did not consider the speaker’s perspective: Regardless of whether

the speaker was said to know or not know the label, participants preferred to fixate on

elements that could pose problems in production given their own knowledge. This is at
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odds with Barr and Seyfeddinipur’s (2010) evidence of perspective-taking while compre-

hending disfluent speech, but aligns with a larger body of research pointing out that

there may be limits to the sources that can modulate the effects of disfluency on com-

prehension. For example, filled pauses that can be attributed to an external cause (e.g.,

environmental noises that can distract the speaker) still bias listeners’ eye movements

towards elements that contextually co-occur with disfluency such as unfamiliar objects

(Arnold et al., 2007, Exp. 3).

In line with Heller et al. (2015), further studies have shown that the properties

of the experiment itself can override listeners’ previous preferences. Bosker et al. (2014,

Exp. 2) reported that a non-native speaker’s disfluencies do not cue low-frequency items

for native listeners, which the authors attributed to listeners’ experience with non-native-

accented speech, which is riddled with disfluencies and is perceived as more disfluent than

its native counterpart (Pinget et al., 2014). Bosker et al. (2019) explored whether listen-

ers can update these prior expectations when there is evidence (or lack thereof) in the

signal that a filled pause is (or is not) a reliable cue of the target’s frequency. Across

three experiments, the authors manipulated the overall distribution of disfluencies in the

experiment: Half of the participants were presented with a speaker whose disfluency dis-

tribution was typical (i.e., the speaker was fluent when producing high-frequency targets,

and disfluent when producing low-frequency targets), and the other half encountered an

atypical distribution.

In Experiments 1 and 2, participants listened to instructions produced by a native

speaker. In these experiments, those in the typical-distribution condition displayed an-

ticipatory eye movements towards low-frequency items following a disfluency, replicating

previous findings (Bosker et al., 2014, Exp. 1). Those in the atypical-distribution condi-

tion showed an adaptation to the signal’s properties: Towards the end of the experiment,

filled pauses led to anticipatory fixations towards high-frequency items, suggesting that

listeners’ updated their expectations following the specific distribution in the signal. In-

terestingly, this updating of expectations was not seen to the same extent in Experiment
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3, where participants listened to a non-native speaker. In this case, those exposed to a

typical distribution adapted to the speaker, and displayed anticipatory eye movements

towards low-frequency items (in contrast to Bosker et al., 2014, Exp. 2). However, those

in the atypical distribution condition did not adapt to the signal’s properties and did not

display anticipatory eye-movements towards high-frequency items, in contrast to Exper-

iments 1 and 2. This suggests while that listeners’ expectations about the properties of

speech can be updated, it is a function of comprehenders’ a priori expectations about

speakers (see also Thacker et al., 2018, for a similar finding with children).

This stream of research suggests that the distribution of filled pauses itself cannot

fully account for how filled pauses guide prediction. Instead, there seems to be a social

factor, be it in the sense of listeners’ models about speakers, or in situ social reasoning,

that underlies the comprehension of disfluent speech. The results of Heller et al. (2015)

and Bosker et al. (2019) point out the fact that there is a close link between an association

(i.e., the distributional patterns of disfluencies) and an inference (i.e., the causes for the

speaker to be disfluent) account: While listeners can adapt to their interlocutor (Bosker

et al., 2019), this is still limited by listeners’ previous experience with language (Heller

et al., 2015).

To complicate matters further, it is possible that the benefits of disfluency arise

simply due to the interruption of the speech signal, in line with the properties discussed

in Section 2.1. A filled pause can affect speech comprehension by highlighting word

boundaries. Brennan and Schober (2001) found that listeners are faster at recognising

the intended word when speakers produce a repair disfluency if they include a filled or

a silent pause between the error and the repair(e.g., yel-uh-orange versus yel-orange).

The temporal delay hypothesis (Corley & Hartsuiker, 2011) suggests that the benefits

of filled pauses might be primarily explained by the temporal characteristics of filled

pauses: The interruption and delay they cause in the speech signal can subsequently

aid word segmentation (as sounds following the pause likely belong to another word),

and potentially, provide more time for any ongoing processes (e.g., lexical activation)
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(Corley & Hartsuiker, 2011). Indeed, Corley and Hartsuiker (2011) found that any break

in the speech signal speeded up word recognition: Listeners were faster at selecting the

appropriate target if it was preceded by a filled pause (Exp. 1), a silent pause (Exp. 2)

or a pause filled with a non-sound (i.e., a sine wave, Exp. 3). Follow-up studies have

shown that the time benefits of both filled and silent pauses enhance the processing of

nouns that surround them by influencing lexical activation (Baker & Love, 2022), and

silent pauses equally ease the integration of unpredictable words (MacGregor et al., 2009).

However, a different stream of research has suggested that delays themselves cannot fully

account for the differences associated with comprehending disfluent speech: For example,

pauses of the same length as a filled pause filled with sounds such as coughs do not

impact participants’ predictive processing (Barr, 2001; Barr & Seyfeddinipur, 2010), and

temporal delays introduced by discourse markers such as oh lead to faster recognition of

words than when the oh is excised and there is only a pause (Fox Tree & Schrock, 1999).

The interruption to the speech signal can also impact processes involved in speech

comprehension that are not prediction. It has been shown that changes in the speech

signal (e.g., stress) can lead listeners to notice changes that otherwise go unnoticed,

arguably because these changes attract listeners’ attention (Sanford et al., 2006). Fox

Tree (2001) found that participants were faster at responding to target words when they

were preceded by filled pauses compared to utterances where filled pauses had been

excised and thus were fluent, with a difference between uh and um: Participants were

faster responding to the former than to the latter, which showed no differences from

its fluent counterpart. Fox Tree (2001) argued that this difference was attributable to

the different lengths of uh and um: Short delays, signalled by uh, ‘heighten listeners’

attention for upcoming speech’ (Fox Tree, 2001, p. 325). This heightened attention

can also increase listeners’ ability to detect changes in the transcription of previously

encountered text that contained disfluencies (Bosker et al., 2015).

Online evidence for the attention-orienting effects of filled pauses comes from Col-

lard et al. (2008). In an ERP study, participants were presented with a speech stream
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where target words could be acoustically manipulated. Crucially, half of the time, these

manipulated words were preceded by a filled pause. The authors argued that, if filled

pauses act as ‘attention attractors’, then ERP components associated with increased at-

tention (due to novel stimuli, e.g., P300) should be diminished for manipulated words

if they are delivered disfluently because the disfluency would have already re-oriented

listeners’ attention to the speech signal. Collard et al. (2008) found that, while manipu-

lated words embedded in fluently delivered sentences elicited components associated with

the re-direction of attention to the speech signal, their disfluent counterparts showed a

reduction. In fact, Mårback et al. (2009) reported that filled pauses themselves elicited

a P300 response (yet cf. Agmon et al., 2022, for a lack of replication). Additional

evidence suggests that filled pauses increase activation in brain areas associated with

attention heightening (e.g., Primary Auditory Cortex, PAC; Eklund & Ingvar, 2006, yet

cf. Smirnova et al., 2020, for a lack of replication). Taking these results together, filled

pauses seem to increase listeners’ attention to the speech signal, and subsequently, the

comprehension of the following linguistic items could be facilitated by this heightened

attention.

This review of the evidence highlights how the presence of a filled pause can im-

pact comprehension. This discussion suggests that the ways in which filled pauses can

affect comprehension can be traced back to their properties; namely, their distribution,

the reasons for the speaker to be disfluent, and the interruption to the speech signal.

We have specifically argued that the presence of disfluencies can guide comprehenders’

anticipations of what the speaker will say next, which is influenced by the patterns of a

language (what we refer to as an association) as well as social reasoning (what we refer

to as an inference). These two mechanisms are akin to those proposed by several authors

as guiding predictive processing in speech comprehension (e.g., Pickering & Gambi, 2018;

Pickering & Garrod, 2004, 2014; Huettig, 2015; Dell & Chang, 2014; Federmeier, 2007)1.

1Our discussion concerns accounts with at least two mechanisms for prediction in language compre-
hension. However, some authors have proposed one-stage models (e.g., MacDonald et al., 1994; Altmann
& Mirkovic, 2009), where all sources of information (i.e., linguistic – rule-based – and non-linguistic
– world-knowledge) constrain predictions simultaneously (Metusalem et al., 2012). However, one-stage
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Let us thus explore how these mechanisms have been described in the literature to un-

derstand their implications and subsequently the factors that should be considered when

investigating the effects of disfluencies in language prediction.

3.2 Accounts of prediction in language comprehension

Most accounts of prediction in speech comprehension involve at least two stages. For

example, Pickering and Gambi (2018) propose two mechanisms to account for predic-

tive processes in language comprehension: prediction-by-association and prediction-by-

production, while Huettig (2015) argues for predictions based on associations and those

that rely on combinatorial mechanisms (alongside predictions that originate from the

comprehender’s own production system, and simulations). We will refer to these two

mechanisms as an associative and as an inference mechanism.

On the one hand, the associative mechanism accounts for predictions originating

from individuals’ experience with linguistic input, as a form of Hebbian learning (Huettig,

2015). For example, anticipations may originate via priming due to spreading activation

from encountered linguistic input. This spreading of activation can be due to learnt

associations in semantic networks (Anderson, 1983). Consequently, upcoming linguistic

input activates elements associated with it (e.g., chair activates to sit, Huettig et al.,

2022). This form of learning can also involve acquiring the statistical properties of the

input which can subsequently drive comprehension (MacDonald, 2013). For example,

probabilistic models of speech comprehension account for individuals’ experience with

linguistic input as a factor that can modulate anticipations about upcoming elements in

the speech signal (Christiansen & Chater, 2016; Kleinschmidt & Jaeger, 2015; Kuperberg

& Jaeger, 2015). This form of prediction is said to be automatic and thus is cost-free

and effortless, with its effects emerging rather soon after encountering the bottom-up

input that triggered the prediction. This mechanism can thus account for the evidence

discussed at the beginning of the chapter: For example, encountering eat in the speech

accounts are difficult to falsify (cf. Huettig, 2015) and thus the discussion here will not consider these
models.
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signal activates its representation in a semantic network, which propagates to related

concepts, such as cake (Altmann & Kamide, 1999).

On the other hand, the inference mechanism accounts for predictions that are

informed by non-linguistic information (Pickering & Garrod, 2004, 2014). For example,

anticipations might be further informed by individuals’ knowledge about the world. Van

Berkum et al. (2008) demonstrated that speaker identity can impact the integration of

upcoming linguistic input. In their EEG study, listeners were presented with sentences

where the event conveyed could match the stereotypes associated with the speaker (i.e.,

pragmatically consistent, e.g. (where italics signal the manipulation), ‘I speak to my son

a lot on the weekends’, said by an adult) or there could be a mismatch (i.e., pragmatically

inconsistent, e.g., ‘I speak to my son a lot on the weekends’, said by a child). Listeners’

responses were contrasted against semantically inconsistent sentences (e.g., ‘I speak to my

valley a lot on the weekends’). The authors found that pragmatically incongruent sen-

tences elicited similar responses to semantically incongruent sentences, but additionally,

pragmatically incongruent sentences elicited responses as early as 200-300 ms post-target

onset, which the authors took as evidence of listeners’ difficulty in integrating the linguis-

tic input with the model they had built of the speaker. Since this study, there has been an

increasing emphasis on the role of the speaker in guiding comprehension (Kleinschmidt

& Jaeger, 2016; Kuperberg & Jaeger, 2015). Predictions emerging from the inference

mechanism are described to be costly, effortful, and non-automatic due to the interaction

of different sources of information. Consequently, they emerge later compared to those

produced by the associative mechanism.

There is evidence supporting this proposed time course for the effects of infer-

ences emerging from associative and inference mechanisms. Corps et al. (2022) had

participants observe a scene depicting two (out of four) wearable objects, where each was

stereotypically associated with males or females (e.g., a tie and a dress), while listening

to male and female speakers. The authors found that listeners first displayed anticipatory

eye movements towards both wearable objects upon encountering the verb to wear, to
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shortly later fixate on the object that was associated with the speaker’s gender. This oc-

curred regardless of the participant’s gender, and whether the agent of the action was the

speaker (Exp. 1), the listener (Exp. 2), or a third character (Exp. 3). These pattern of

fixation supports the idea that predictions triggered by associative mechanisms (i.e., the

spreading activation of the verb semantics towards elements that are associated with this

information) precedes predictions triggered by inference mechanisms (i.e., the activation

of the object that is stereotypically associated with the speaker).

The properties of these proposed mechanisms present interesting consequences for

how prediction occurs during speech comprehension; specifically, with regard to whether

and how one can expect some degree of variability. Understanding prediction as an (at

least) dual process that can operate with stable representations (i.e., associations) while

adapting to variability in the signal (i.e., inferences) suggests that a cue that can be

associated with certain elements, and thus bias anticipations towards those, can see its

effect attenuated when an inference entails that such association is not representative in

the current context of comprehension.

In fact, this is similar to the evidence we discussed in Section 2.2 for the effects of

filled pauses in comprehension: Listeners’ anticipations seem to align with the distribu-

tional patterns of disfluencies, but can be overridden (in some contexts) by information

about the speaker that renders this association less reliable. Therefore, if the same mech-

anisms that support prediction in speech comprehension are the ones underlying the

effects of disfluency, then a potential way to examine how disfluencies affect predictive

processing is by exploring it under factors previously shown to modulate linguistic pre-

diction in general. In this thesis, the focus is on linguistic background (i.e., ‘nativeness’)

as an attribute of speakers and listeners that can have an effect on what comprehenders

anticipate. In what follows, we review the evidence supporting the idea that linguistic

background does affect prediction.
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3.2.1 Speaker’s linguistic background: Non-native speakers

The inference mechanism can be influenced by factors such as speaker identity. One

pertinent feature of a speaker’s identity is their linguistic background, which in speech

can be indexed by their accent. Non-native speakers of a language commonly produce

speech with an accent (Abrahamsson & Hyltenstam, 2009), which includes non-canonical

word pronunciations (Hanulíková & Weber, 2011). These speakers usually differ from

native speakers in terms of their lexical choices (Dewaele & Pavlenko, 2003) and their

likelihood to commit grammatical mistakes (Clahsen & Felser, 2006). These differences

in their speech patterns allow listeners to identify speakers’ nativeness as early as 100 ms

after being exposed to their speech (Jiang et al., 2019).

It is important to note that a speaker’s linguistic background may affect speech

comprehension solely due to their accent. Non-native-accented speech is harder to com-

prehend (Grey & van Hell, 2017). Following an intelligibility account, the effects reported

for non-native-accented speech comprehension are due to the decreased ease of processing

it (Lev-Ari, 2015). This decreased intelligibility can explain why accented speech elicits

negative attitudes (Dragojevic et al., 2017), as well as the fact that detecting grammatical

mistakes in non-native-accented speech is usually delayed (Gosselin et al., 2021; Sanders

& de Bruin, 2022).

Alternatively, but not exclusively, comprehenders’ a priori expectations about non-

native speakers’ speech can exert an effect by modulating different mechanisms underly-

ing comprehension. Non-native speakers’ accents may invoke stereotypes whereby these

speakers are believed to be less competent than native speakers (Lev-Ari, 2015). These

stereotypes cascade onto how their speech is comprehended: For example, non-native-

accented utterances containing grammatical mistakes are processed differently than their

native counterparts, arguably because listeners expect them to commit them: The partic-

ular model a comprehender has of these speakers affects how their speech is comprehended

(Hanuliková et al., 2012; Grey & van Hell, 2017; Caffarra & Martin, 2018; Grey et al.,
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2020). It is thus possible that nativeness affects other aspects of comprehension, including

prediction.

Lev-Ari (2015) proposes an expectation-based account for the comprehension of

non-native-accented speech. In her proposal, stereotypes of non-native speakers’ low

linguistic competence affect comprehension via an inference mechanism, which impacts

both the processing and the interpretation of their speech. A stereotype of non-native

speakers as less capable of conveying their intentions via language leads the comprehen-

sion system to be guided by other sources of information to compensate (i.e., they do

not consider the speaker). According to Lev-Ari (2015), predictions about upcoming ele-

ments in non-native-accented speech are more permissive and less detailed: For example,

a native listener is more likely to represent pie in a broader manner, including elements

like brownie, when they are listening to a non-native speaker.

Lev-Ari (2015) conducted a VWP experiment to explore whether native listeners’

comprehension of speech differed depending on the speaker’s linguistic background. In

her study, participants were presented with a series of scenes depicting several characters

and were warned that there was an underlying common theme to the characters the

speaker will refer to. For example, one set of instructions would refer to imaginary

creatures (e.g., the witch, the man on the magic carpet). This manipulation ensured

that the context itself could constrain listeners’ anticipations. At critical trials, the

visual scene included elements that could match an ambiguous speech signal e.g., fεri

can be taken as referring to a ferry and a fairy. Eye movements towards the ferry would

suggest listeners’ reliance on upcoming linguistic information, whilst the opposite would

be evidence of listeners’ reliance on discourse knowledge. When listening to a non-native

speaker, participants were more likely to fixate on the fairy (as opposed to the ferry),

suggesting that comprehension relied more heavily on discourse expectations than on

the bottom-up signal to resolve an ambiguity. Lev-Ari (2015) took this as evidence of

a compensatory mechanism due to listeners’ assumption that their interlocutor had less

competency in reliably producing speech.
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Alternatively, the perceived reduced reliability of non-native-accented speech can

halt all predictive mechanisms, or reduce the set of elements expected. Romero-Rivas

et al. (2016) conducted an ERP experiment to measure listeners’ responses to sentence

completions with varying degrees of semantic relatedness. For example, in the sentence

In the pirates’ map there was an X showing the location of the..., the word treasure is

the best completion, but chest is also acceptable, in contrast to semantically unrelated

words such as enemy. When attending to native-accented speech, participants showed

a gradient N400 response: Chest elicited an N400 higher than treasure, but smaller

than enemy (in line with previous findings, Federmeier & Kutas, 1999). However, for

non-native-accented speech, both semantically related and unrelated endings elicited a

similar N400 response. This difficulty in integrating semantically-related words in the

non-native speaker condition was taken by the authors as evidence of listeners’ reduced

set of expectations for upcoming elements in speech.

Romero-Rivas et al. (2016) measured responses after the linguistic input had

been encountered, and thus cannot explore whether fewer predictions were triggered. To

explore the pre-activation (or lack thereof) of linguistic elements, Schiller et al. (2020)

measured ERPs for articles preceding nouns that varied in the degree to which they were

the best sentence completion. The authors exploited the gender marking of Dutch, where

articles agree with the noun, by presenting participants with sentences where the expected

and unexpected sentence completions differed in gender. Consider the differences between

(2a) and (2b):

(2a) Mijn gelezen boeken staan op de onderste plank in de neuter kastneuter.

My read books stand on the lowest shelf in theneuter (book)shelf.

(2b) Mijn gelezen boeken staan op de onderste plank in hetnon-neuter bureaunon-neuter.

My read books stand on the lowest shelf in thenon-neuter desknon-neuter

Bookshelf is a predictable ending following the sentence context, while desk is not.

Since articles in Dutch agree with nouns in gender, encountering het when the listener
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anticipates bookshelf (and thus, de) should elicit an N400 response. While encountering

het when de was expected elicited an N400 response both for the native and non-native

accents, mismatching articles in the non-native speaker condition did not elicit any neural

response in an early time window. The authors interpret the lack of early modulation

for non-native-accented unexpected articles as aligning with Romero-Rivas et al. (2016),

in that non-native-accented speech reduced predictive processing. However, it is worth

querying whether Schiller et al.’s (2020) lack of effects for non-native-accented speech is

due to a halting of predictive processing or if, instead, they reflect less detailed predictions

(i.e., listeners do not activate morphosyntactical details of anticipated lexical items when

attending to a non-native speaker). When comprehending non-native-accented speech,

predictions about upcoming elements might not include its morphosyntactic details in

order to avoid “deal[ing] with conflicting information only at the levels where the input

might be most misaligned with one’s predicted features” (Schiller et al., 2020, p. 9).

Although the evidence presented here is mixed with respect to how a speaker’s

linguistic background affects predictive processing, it shows that it is a potential con-

straint, although the direction in which it can constrain prediction is unclear. These

findings support the notion that listeners’ beliefs about the communicative abilities of

non-native speakers, whereby these speakers are expected to be less reliable, guide their

comprehension. The fact that there is some evidence supporting the existence of predic-

tion suggests that difficulties in comprehending non-native-accented speech cannot fully

account for the differences in comprehending native and non-native speakers (Lev-Ari,

2015). An interesting consequence of these findings is the question of what areas non-

native speakers are expected to be less competent in. For example, a stereotype of low

linguistic competence may entail an expectation that non-native speakers’ speech is less

fluent. In what follows, we move on to what happens when it is the listener who is a

non-native.
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3.2.2 Listener’s linguistic background: Non-native comprehen-

ders

Conceptualising prediction as the outcome of mechanisms that depend on language ex-

posure and varying degrees of effort entails differences across individuals. One source of

variability between individuals is whether they are comprehending speech in their first or

second language (or native and non-native, respectively). Kaan (2014) posits that second-

language comprehension does not differ from first-language comprehension in terms of the

mechanisms that underlie it; rather, they are impacted by the same factors. She identifies

five factors that affect predictive processing: (1) the frequency information comprehen-

ders have, which is heavily associated with exposure to a language, (2) the presence of

competing information to create a prediction, (3) the reliability of the information com-

prehenders hold to guide their comprehension, (4) the processes and strategies induced

by the task at hand, and (5) the cognitive resources involved in comprehension, including

motivation and control; factors that are interrelated (Schlenter, 2022)2. Consequently,

the differences found between first- and second-language comprehension can be explained

by differences between comprehenders in these five factors.

Non-native comprehenders differ from their native counterparts in terms of their

exposure to the target language. Increasing exposure to a language can yield more stable

and stronger associative networks, which in turn increases both spreading activation

and lexical access, subsequently easing predictions based on associations. As non-native

comprehenders are less exposed to their non-native language, they have slower lexical

access due to weaker semantic networks (Gollan et al., 2008; Ivanova & Costa, 2008). For

example, the word frequency effect, whereby higher-frequency words are recognised faster

than low-frequency ones, is exacerbated in second-language comprehension arguably due

to a more dramatic division between these two categories in their lexicon (Duyck et

al., 2008). As lexical representations do not only include semantic information but also

2A complete review of non-native language comprehension is outside of the scope of this thesis (and
for that, we refer the reader to Kaan, 2014; Ito & Pickering, 2021; Kaan & Grueter, 2021; Schlenter,
2022), in this section we review how predictive processes in non-native language comprehension can be
understood in the light of the accounts previously described.
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morphosyntactic details (cf. Section 2.2.1), the increased difficulties in lexical retrieval

cascade into difficulties in morphosyntactic processing (Hopp, 2018).

Predictive processing may be thus attenuated in second-language comprehension

by virtue of weaker networks. Experiments using simple stimuli (akin to Altmann &

Kamide, 1999) have reported a similar time course of eye movements for predictions

triggered by semantic information (e.g., Corps, Liao, et al., 2022; Dijkgraaf et al., 2017;

Ito et al., 2018). However, when more complex stimuli are used (e.g., I know the friend

of the dance that will open/get the present, where the bold signals the manipulation,

and the underlined word is the target), the emergence of predictions triggered by verb

semantics were delayed for non-native listeners in comparison to native listeners (Chun

& Kaan, 2019; see also Dijkgraaf et al., 2019, for similar findings)

Weaker networks can also impact predictions following morphosyntactic informa-

tion. Lew-Williams and Fernald (2010) found that non-native Spanish (L1: English)

listeners did not employ gender marking to anticipate upcoming referents, contrary to

native Spanish listeners. Similarly, non-native Japanese speakers (L1: English) do not

show anticipatory eye movements towards elements cued by morphological case (Mitsugi

& MacWhinney, 2016; Mitsugi, 2017). However, when second-language listeners have

experience with these cues, be it because comparable cues exist in their first language

(Foucart et al., 2014, 2016), because of an increase in proficiency (Dussias et al., 2013;

Foucart & Frenck-Mestre, 2012) or because of their specific knowledge of the rule (Hopp,

2013, 2015, 2016), these listeners exhibit prediction towards referents marked by such

cues. Taking these findings together, the evidence suggests that predictions via an asso-

ciative mechanism can arise in second-language comprehension, although it is a function

of individuals’ exposure to the target language and the similarities with their own lan-

guage.

The mechanisms discussed in Section 3.2 posit that the amount of resources avail-

able can impact predictive processing. Anticipatory eye movements have been shown

to be impacted by individuals’ available working memory resources (Huettig & Janse,
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2016; Ito et al., 2018). This is particularly relevant for second-language comprehension,

which is assumed to be more cognitively taxing (Segalowitz & Hulstijn, 2005; Weber &

Broersma, 2012; although cf. Dijkgraaf et al., 2019). This may be because this population

seems to activate both their language systems and lexicons in parallel and thus experience

more lexical competition (Blumenfeld & Marian, 2013; Costa et al, 2006; Duyck, 2005;

Duyck et al., 2007; Weber & Cutler, 2004), with their second language experiencing more

cross-linguistic influence (Karaca et al., 2021). This, in turn, requires them to exercise

cognitive control to only employ the relevant knowledge for the task at hand and inhibit

incorrect predictions (Cunnings, 2016). The resource demands associated with second-

language comprehension render it less automatic (Ito & Pickering, 2021), subsequently

shaping how predictive mechanisms operate.

Additionally, predictions in second-language comprehension can be affected by

the paucity of resources available - which may be particularly salient for predictions

triggered by an inference mechanism as they are resource-intensive. In accordance with

this prediction, integrating semantic information that runs against world knowledge is

more costly when comprehending one’s second language, arguably because this entails an

extra cost (Foucart et al., 2016; Romero-Rivas et al., 2017 ). Corps et al. (2022) extended

Corps et al. (2022) to a sample of non-native listeners. In this study, participants’

predictive fixations towards elements that were associated with verb semantics (e.g., to

wear → a tie, a dress) had a time course similar to native listeners. However, anticipatory

fixations towards elements that were associated with the speaker’s gender stereotypes

(e.g., a tie for a male voice) were delayed in comparison to native listeners. This suggests

that, when it comes to predictions informed by inferences, there may be a delay in second-

language comprehension due to its increased cognitive load.

The evidence presented here suggests that second-language comprehension can

also be guided by predictive processing. The findings can be understood in the light of

the mechanisms proposed to underlie prediction in language comprehension, given the
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factors that can affect them. Specifically, predictions triggered by an associative mecha-

nism arise in second-language comprehension, but they seem to be weaker as non-native

comprehenders tend to have less exposure to the target language. Predictions via an

inference mechanism are effortful; since second-language comprehension is said to be cog-

nitively costly, these form of predictions are delayed in this population. Importantly, the

differences in how an associative and an inference mechanism operate in second-language

comprehension suggest that predictions guided by manner of delivery, and specifically,

by fluency, can differ in this population.

3.3 Conclusion and Chapter aims

In this chapter, we presented the evidence suggesting that comprehension of disfluent

speech affects predictive processes underlying speech comprehension. Specifically, we

reviewed how listeners seem to anticipate certain elements over others as likely continu-

ations of what the speaker would say. We evaluated this evidence against two properties

of filled pauses: their distribution, and the reasons for a speaker to be disfluent, what we

referred to as an associative and an inference mechanism. These two mechanisms were

contrasted with those put forward to account for predictive processing in speech com-

prehension in general. Elements can be pre-activated due to spreading activation from

linguistic input to elements that they are associated with or semantically related to (i.e.,

an associative mechanism), or due to a refinement of predictions thanks to the integra-

tion of non-linguistic information such as speaker identity (i.e., an inference mechanism).

These mechanisms differ in the costs they require and the flexibility of predictions. An

associative mechanism arises from priming effects, which are effortless yet require listen-

ers’ exposure to a language; and an inference mechanism arises from a refinement of those

initial predictions, which in turn require more cognitive effort.

These two mechanisms not only align with two properties of filled pauses, but can

also account for the effects found throughout the literature suggesting that the presence

of a filled pause in an utterance can guide listeners’ predictions about upcoming elements
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in the signal. We explored the circumstances under which these two mechanisms can give

rise to different predictions, by taking speakers’ and listeners’ backgrounds as proving

grounds. This discussion also highlighted the fact that comprehension of non-native-

accented speech differs from that of native-accented, due to an inference mechanism:

Listeners seem to hold a stereotype of non-native speakers as less competent, which

impacts comprehension in several ways, with most of them aligning with the idea that

they are less reliable speakers. Finally, predictions in second-language comprehension

seem to be attenuated, particularly when predictions involve an inference mechanism.

This literature review opens up several questions with regards to the processing

of disfluent speech. Would disfluent speech comprehension differ when it is produced by

a native speaker than when it is produced by a non-native speaker? And would there

be differences between first- and second-language comprehension of disfluent speech? In

the following chapter, we will argue that exploring these two questions can deepen our

understanding of how disfluent speech informs predictive processing. We will formalise

how these associative and inference accounts operate and their implications. Specifically,

we will discuss how they differ in terms of costs and flexibility. Experiments 1 and 2 were

designed with this conceptualisation in mind to explore under what circumstances either

mechanism might be more salient.
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Disfluency as Difficulty

In spontaneous speech, speakers produce more than just words: Excluding pauses, speak-

ers average around six disfluencies per every 100 words (Shriberg, 1996). Filled pauses

(e.g., uh or um in British English) are the disfluencies most widely attested to impact

language comprehension: For example, they can affect the comprehension of lexical units

(Beattie & Butterworth, 1979; Corley & Hartsuiker, 2011; Arnold et al., 2004, Arnold et

al., 2007), how a sentence is parsed (Lau & Ferreira, 2005), how a discourse is represented

(Cossavella & Cevasco, 2021), and can increase the recall of items that accompany them

(Corley et al., 2007, Diachek & Brown-Schmidt, 2022, Fraundorf & Watson, 2011). At

the lexical level, filled pauses have been shown to affect the comprehension of the linguis-

tic units that follow them, so that in some circumstances, the comprehension of otherwise

hard-to-process elements is eased - what we will refer to as the disfluency bias. Several

explanations have been put forward to account for this bias, implicating time, statistical

learning, and speaker modelling (Arnold et al., 2007, Bosker et al., 2014, Bosker et al.,

2019, Corley & Hartsuiker, 2011).

To date, the vast majority of research on the disfluency bias has focused on first

language comprehension, in which listeners are responding to utterances spoken in their

native language, commonly produced by a native speaker. What remains less clear is

what happens when a speaker is hearing their second, or non-native, language, in which
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they are presumably less proficient than in their native language. As we argue below,

investigating the disfluency-bias cross-linguistically allows us to form some conclusions

about the mechanisms which underlie it. The two experiments reported in this chapter

explore a previously reported bias whereby filled pauses lead comprehenders to anticipate

low-frequency words (versus high-frequency ones) if they are attending to a native speaker,

but not when the speaker is non-native (Bosker et al., 2014). Although due to the

nature of our auditory stimuli we cannot draw firm conclusions about the mechanisms

that underlie the disfluency bias, the evidence presented here is a first step towards

comprehending how this bias operates.

In what follows, we briefly review the accounts explaining the disfluency bias.

We will review the evidence supporting each account, and highlight their different pre-

dictions and the degree of specificity of what listeners can anticipate. We then present

Experiment 1, in which we replicate Bosker et al. (2014) in a sample of native English

listeners. Contrary to Bosker et al. (2014), we failed to find evidence for anticipatory eye

movements towards objects with low-frequency labels following a native’s filled pause.

Instead, we found that both native and non-native disfluencies aided in the recognition

of low-frequency words. After discussing the differences between Bosker et al. (2014) and

Experiment 1, we will present Experiment 2, where we extended Experiment 1 to a sample

of non-native English listeners. We will review how non-native listeners deal with disflu-

encies in speech, and explain how the characteristics of second language comprehension

can shed light on the mechanisms underlying the disfluency bias overall. In Experiment

2, we found similar effects to those found in Experiment 1 for a native listener: Filled

pauses aided in the recognition of low-frequency words. In contrast, non-native disfluen-

cies aided word recognition regardless of its frequency. We will then conclude this chapter

by comparing the findings of these two experiments against the mechanisms put forward

to account for the disfluency bias.
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4.1 The disfluency bias

Filled pauses introduce an interruption to the speech signal without adding propositional

content (Fox Tree, 1995). These interruptions follow a non-arbitrary distribution (Bailey

& Ferreira, 2007): Filled pauses are more likely to precede items without a conventional

label (Arnold et al., 2007) as well as items whose label is less accessible, such as low-

frequency words (Hartsuiker & Notebaert, 2009). This distribution can be partially

explained because speakers are more likely to be disfluent under circumstances of cognitive

load (Bortfeld et al., 2001): Deciding how to refer to an object or retrieving less accessible

lexical items is cognitively costly, and thus disfluencies commonly precede such items

(see Section 2.2). These three characteristics (i.e., an increase of time, distributional

patterns, and origins) of filled pauses’ production have been used to explain their effects

on comprehension, which fall into two broad camps: the fillers-as-time and the fillers-as-

tokens.

The fillers-as-time has its basis in the fact that filled pauses introduce extra time

without propositional content. This interruption and delay may benefit the comprehen-

sion of the linguistic units that follow a filled pause simply by virtue of highlighting word

boundaries and thus aid word recognition (Corley & Hartsuiker, 2011). Therefore, any

pause in speech should exert similar effects. In line with this prediction, the interruption

introduced by filled pauses, silent pauses and sine waves of the same length has been

shown to lead to faster word recognition (Corley & Hartsuiker, 2011) and both filled and

silent pauses ease the integration of words with low contextual probabilities (Corley et al.,

2007, MacGregor et al., 2010).

Additionally, these interruptions may affect attentional processes that in turn

impact word recognition (Fox Tree, 2002). Indeed, filled pauses have been shown to re-

orient attention to the speech signal (Collard et al., 2008) and to increase the activation

of brain areas associated with attention (Eklund & Ingvar, 2016). As increased attention

to an object can ease its processing (Posner, 1988), the processing of elements following a

filled pause can be enhanced simply because listeners are paying attention to it. Crucial
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for the fillers-as-time account, no new processes are triggered by filled pauses; rather, the

delay and increase in time may just provide a window for any processes that were already

underway, e.g., prediction about upcoming items.

One assumption of the fillers-as-time view is that listeners do not need to recognise

a filled pause as such. An alternative possibility is that for the disfluency bias to arise,

listeners need to first recognise that the speaker is being disfluent. For example, the

discourse marker like influences the activation of phonologically overlapping words (e.g.,

lightbulb, Bosker et al., 2021). At some point, this discourse marker must be distinguished

from these content words (and from its homonyms) for the listener to comprehend what

the speaker is referring to.

In opposition to the fillers-as-time view, according to the fillers-as-tokens account,

filled pauses are recognised as such and are processed by the language system. An influ-

ential version of this account was proposed by Clark and Fox Tree (2002), who argue that

fillers are collateral signals that allow speakers to signal their mental states (e..g, difficulty

finding a word), alongside the primary, contentful words they are uttering (cf. Section

2.2.2). Consequently, listeners are tuned to speakers’ displays, which can guide their com-

prehension of speech. For the fillers-as-tokens account, the recognition of filled pauses

can trigger additional processes underlying language comprehension: These signals allow

listeners to refine their predictions of what speakers might be about to say. Indeed, pre-

dictive processing has been put forward as a mechanism that accounts for the efficient

and rapid comprehension of speech (Pickering & Gambi, 2018; Pickering & Garrod, 2004,

2014) and thus it would be reasonable to expect listeners to form predictions from any

signal in the message, including filled pauses.

If fillers are tokens, a simple way in which a listener’s predictions might be updated

is via learnt associations between these tokens and the items which usually co-occur with

them. We will refer to this account as the tokens-associative account, which can be

seen as learning patterns. According to this view, there is nothing ‘special’ about fillers:

They are simply elements that follow distributional patterns that listeners can learn
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and this knowledge drives their comprehension. Arnold et al. (2007) argue that a simple

mechanism to account for the disfluency bias involves learning patterns between disfluency

and specific stimuli: Given filled pauses’ distribution (e.g., individuals are more likely to

have encountered a disfluency accompanying a discourse-new entity than a discourse-

old one; Arnold & Tanenhaus, 2007), they can be a probabilistic distributional cue that

can be learnt and consequently guide language comprehension in a relatively automatic

manner. In this sense, disfluency might be linked to different sets of objects. Therefore,

upon encountering a filled pause, listeners should reliably predict that the speaker will

produce language which is (contextually) associated with filled pauses. At this level, it

is important to note that this pre-learned association can either involve disfluencies and

the types of elements that co-occur with it, or an understanding of why certain sets of

elements follow a disfluency. In line with this view, Visual World eye-tracking studies have

shown that upon encountering a disfluency, listeners display anticipatory eye movements

towards harder-to-name objects (Arnold et al., 2007), low-frequency items (Bosker et

al., 2014), or discourse-new entities (Arnold et al., 2004) - all elements that are usually

preceded by disfluencies in spoken, spontaneous language.

A more complex way for a listener to predict via filled pauses is by considering the

speaker. Indeed, integration of what is said with who says it is common in language com-

prehension (Berkum et al., 2008), and listeners’ expectations appear to reflect stereotypes

about speakers (Corps, Brooke, et al., 2022). Following the fact that the distributional

pattern of filled pauses presumably has its origins in the speaker’s production system,

under the tokens-inference account, the disfluency-bias is explained as a paralinguistic,

rather than as a linguistic (i.e., dependent on the knowledge of a language’s distributional

patterns), process - what some authors have referred to as perspective-taking. Predictions

following a disfluency are based on listeners’ knowledge of the causes for the speaker to

be disfluent, such as difficulty in retrieving a low-frequency lemma. In this sense, what

drives the disfluency bias is a causal inference between disfluency and the reasons for a

speaker to be disfluent, which can be taken as a ‘crystallised’ form of learning, or as an in-

ference that emerges when listeners encounter a filled pause. Supporting this account, the
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disfluency-bias is attenuated when listeners believe the speaker has trouble with lexical

production (Arnold et al., 2007), for non-native-accented speech (Bosker et al., 2014), or

when the accessibility of candidate referents is low for the speaker (Barr & Seyfeddinipur,

2010).

Above we have outlined three main ways in which comprehension of spoken lan-

guage could be impacted by filled pauses. Under the fillers-as-time view, the language

comprehension system simply uses the time during which there is no propositional con-

tent to process to (continue to) predict upcoming items, as well as benefits from the

re-orientation of attention to the speech signal. Under the fillers-as-tokens view, fillers

are associated with contextually likely continuations; or, more radically, fillers act as sig-

nals to begin inferring what might have presented a cognitive load for the speaker. It is

important to note that these views do not need to be mutually exclusive: The associative

and the inference accounts can be seen as two ends of a continuum (Arnold et al., 2007).

As discussed in Chapter 3, prediction in speech comprehension can be understood

as at least involving two mechanisms, one associative and one inference. The formali-

sation of these mechanisms is parallel to the token-associative and token-inference here

described: The former involves associations arising from exposure to a language and

subsequent learning of the statistical properties of the linguistic input, whilst the latter

involves inferences following individuals’ non-linguistic knowledge. Therefore, we can as-

sume that the same properties of these two mechanisms apply to the ones here described.

Namely, we can describe the token-associative account as automatic and thus effortless

and cost-free, yet inflexible (inasmuch the system follows the learnt distribution without

any specification), while the tokens-inference account can be seen as a non-automatic,

effortful, and costly mechanism, but that in return allows the system to adapt to different

scenarios (i.e., it is flexible).

To explore whether and how these mechanisms operate, this chapter presents two

studies based on Bosker et al. (2014). To test the automaticity (in terms of processing

costs) and the flexibility of the disfluency bias following the fillers-as-tokens account, we
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use linguistic background as an attribute of speakers and listeners as a proving ground.

In Experiment 1, we attempted to replicate Bosker et al.’s (2014) findings that support

the idea that the disfluency bias can be flexible. In Experiment 2, we explored whether

the disfluency bias is resistant to cognitive load. We selected Bosker et al.’s (2014)

experiments because of the properties of the elements the authors found that a filled pause

could anticipate. As we discussed in Section 2.2, a three-stage Leveltonian architecture

of the speech production system presents three major points at which a speaker can

struggle with production: They can struggle with what to say (conceptualisation), with

what words to say it (formulation), or how to say it (articulation) (i.e., vulnerability

points, Segalowitz, 2010). Most research has shown that listeners can anticipate objects

that represent a struggle at the conceptualisation level (e.g., the difficulty in producing

speech is due to referring to an object without a conventional label or due to referring to

an object that has not been mentioned in the discourse, and the speaker has to decide

how to refer to it; Arnold et al., 2004, 2007). It is important to note that biases towards

discourse-new entities or objects without a conventional label do not require linguistic

knowledge from the listener, as the cause for the speaker to be disfluent does not depend

on language. In contrast, biases towards objects that can pose trouble at the formulation

level do require linguistic knowledge from the listener due to the detail of the anticipation

(cf. Corley & Hartsuiker, 2003). In this regard, Bosker et al. (2014) stands as the sole

study exploring whether a disfluency can cue elements that can yield disfluencies due to

problems at the formulation level (e.g., low-frequency words). Exploring Bosker et al.

(2014) while manipulating listeners’ linguistic background, as we will do in Experiment

2, allows us to understand whether the disfluency bias is also dependent on listeners’

knowledge of the language, and thus aligning with the predictions of the fillers-as-tokens

account, or if in these scenarios, the fillers-as-time account might be more accurate.
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4.2 Experiment 1: The role of speaker identity

There is now recent evidence suggesting that what is expected due to the disfluency bias

can also be reduced to difficulties in retrieving a lemma, i.e., at the formulation stage in

Levelt’s proposed architecture. Bosker et al. (2014) set out to explore the specificity and

flexibility of the disfluency bias. For example, a speaker may struggle to find the label

for an object because it has low accessibility (i.e., low-frequency words, Hartsuiker &

Notebaert, 2010), which arguably is even harder to retrieve when a speaker is producing

speech in their second language (Gollan et al., 2008). Bosker et al. (2014) explored

whether the anticipations triggered by disfluencies can be as specific as trouble at the

level of formulation by exploring the disfluency bias towards low-frequency words, and

whether listeners can take into consideration the cause for the speaker to be disfluent, by

presenting speech produced by a non-native speaker.

In their study, native Dutch listeners were visually presented high- and low-

frequency items while following a speaker’s instructions which could be fluent or disfluent

(e.g. “Klick op de [target]”; Click on the [target] or “Klik op uh de [target]”; Click on

uh the [target]). In their first experiment, instructions were produced by a native Dutch

speaker; instructions in the second experiment were produced by a non-native Dutch

speaker. Bosker et al. (2014) found that filled pauses produced by a native speaker

elicited anticipatory eye movements towards low-frequency items (i.e., a disfluency bias),

while this was absent for the non-native speaker counterpart. The authors attributed

their findings to listeners’ exposure to the distributional patterns of filled pauses in non-

native speech, in which filled pauses are more arbitrary (De Jong, 2016; Davies, 2003)

and thus reduces their value as predictive cues (an explanation that aligns with the

tokens-associative view).

In Experiment 1, we set out to investigate the degree of flexibility of the disfluency-

bias by replicating Bosker et al. (2014) in a different sample and language. In our

experiment, a sample of native English listeners followed instructions provided by either

a native or a non-native speaker (L1: Spanish), who would refer to one (out of two) items
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on a computer screen fluently or disfluently (Click on the [target] or Click on thee uh

[target]). Following Bosker et al. (2014), our participants should show anticipatory eye

movements (i.e., prior to target onset) for disfluent instructions provided for the native

speaker, but not for the non-native speaker.

4.2.1 Methods

All materials and data, including experimental and analysis scripts, can be found at

https://osf.io/ct2ja/.

Participants

106 self-reported British English monolingual speakers took part in the study. Partici-

pants were aged between 18-30 years old, had normal or corrected-to-normal vision, and

no hearing impairments. Participants were recruited from either the general popula-

tion or the University of Edinburgh student pool. All participants gave their informed

consent as approved by the University of Edinburgh PPLS Ethics Committee (reference

number: 249-1819/3). Participants were compensated for their participation (either with

an economic compensation - £5 - or with university credit) and were debriefed after the

experiment.

We exceeded our desired sample size by four because some participants took part

in exchange for university credit, and we did not want to prevent students from partici-

pating in experiments, as it is required for their degree. However, data from participants

recruited after the desired sample size was reached is not included in the analysis (but

data from all participants, including those not reported in the analysis, is reported online).

Additionally, participants who reported 1) the aim of the study, 2) the manipulation, or

3) that the naturalness of the audio was below 4 were not included in the analysis. We

identified six participants who were not included in the analysis. Our final sample size

was 96 participants (48 in the native speaker condition, 48 in the non-native speaker

condition, males = 19).

https://osf.io/ct2ja/
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Materials

128 black and white line drawings from Weldon & Roediger, 1987 were used as visual

stimuli. All pictures had high name agreement (H < 1; Weldon & Roediger, 1987). Draw-

ings were grouped into 64 pairs comprised of one low-frequency and one high-frequency

item. 32 pairs were selected as critical stimuli. Frequencies were obtained from the John-

ston et al. (2010) database for British English. Low-frequency items had a log frequency

of 0.41 (SD = 0.31) on average, and high-frequency items had a log frequency of 2.15

(SD = 0.31) on average (t(62) = 22.56, p < .001). Additionally, high-frequency words

differ from low-frequency words in age of acquisition (HF = 2.09 (0.56), LF = 3.38 (0.94),

t(50.3) = -6.67, p < .001), familiarity (HF = 6.2 (0.67), LF = 4.43 (1.15), t(49.86) = 7.53,

p < .001), and length (HF = 4.6 (1.66), LF = 6.72 (1.8), t(62) = -4.91, p <.0010). The

remaining 32 pairs were used for filler trials. The frequency of items mentioned (low- vs

high-frequency items) and manner of delivery (fluent vs disfluent) were counterbalanced

across four lists in a Latin Square design to ensure that all items were presented in all

conditions.

A native British English speaker and a Spanish-English bilingual speaker were

recorded for the auditory stimuli. Both speakers followed the script “Click on the [item]”.

As speakers were allowed to produce speech freely, they produced different types of hes-

itations. Following Bosker et al.’s (2014) procedure, we selected three fluent utterances

and three disfluent utterances as templates for the critical trials, and then placed be-

fore the item. As a consequence, these templates differed in length by speaker and by

template. Low- and high-frequency words differed in length in both the native (HF =

451.9 ms, LF = 576.1 ms, t(62) = -5, p < .001) and non-native speaker (HF = 452.4 ms,

LF = 563.2 ms, t(62) = -5.02, p <.001). These differences in length between low- and

high-frequency words were not statistically significant between speakers (t(62) = 0.11, p

= .91 and t(62) = 0.42, p = .68 for high- and low-frequency words, respectively). Table

4.1 describes the length and maximum pitch of each segment of the critical carriers by

speaker and manner of delivery. Each list included additional 32 filler utterances. Filler
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utterances were recorded in their entirety. We aimed for a proportion of fluent:disfluent

utterances of 3:1 for the low- and high-frequency items mentioned for filler trials similar

to Bosker et al. (2014). This ensured that the experiment resembled natural speech (Fox

Tree & Clark 1997).

Table 4.1

Duration (in ms) and pitch (in Hz) for each segment of the sentence templates employed
as critical stimuli, by speaker’s linguistic background and manner of delivery.

Duration (ms) Maximum pitch (Hz)

Native speaker

Fluent

Click 207, 204, 143 129, 113, 102

On 125, 107, 108 130, 108, 100

The 135, 99, 173 120, 100, 95

Disfluent

Click 202, 174, 187 144, 149, 151

On 115, 156, 164 144, 158, 145

The 135, 172, 174 131, 131, 133

Uh 602, 795, 578 120, 113, 125

Non-native speaker

Fluent

Click 385, 319, 415 282, 467, 304

On 196, 204, 205 193, 206, 190

The 125, 135, 129 175, 188, 160

Disfluent

Click 405, 308, 254 264, 349, 306

On 242, 216, 207 180, 210, 287

The 332, 379, 367 169, 183, 213

Uh 552, 575, 568 157, 157, 157
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Procedure

Stimuli were presented on a 21” CRT monitor screen at a viewing distance of approxi-

mately 80 cm using OpenSesame v.3.2.7. (Mathôt et al., 2012). Participants’ eye move-

ments were recorded using a Tower-mounted SR Research EyeLink 1000 eye-tracker, sam-

pling the right eye at 500 Hz. Mouse responses were collected with a standard computer

mouse.

Participants were given a cover story at the beginning of the experiment. The

experimenter explained that they would listen to a previously recorded participant who

had given instructions to another participant regarding what item to click on a computer

screen. They were told that the aim of the study was to investigate how visual and

auditory information are processed when we have to follow instructions. This cover story

was given to provide an explanation for the origin of the audio and why the speaker could

stutter at times. Participants were instructed to click on the item mentioned as fast as

possible and to move the mouse freely.

Eye-tracking began with a nine-point calibration and validation procedure, fol-

lowed by an eight-trials practice session. Trials began with a drift correction, followed

by a red fixation dot which lasted 500 ms at the centre of the screen. Items were then

presented vertically centred on the left and right sides of the screen, the position of the

item mentioned being counterbalanced across trials. After 1500 ms, audio was presented

at a comfortable loudness level from two loudspeakers. Participants had 5000 ms once

the audio was over to click on either object. If no response was recorded, the next trial

began. Critical and filler trials were presented at random. Figure 4.1 depicts the trial

sequence.

Afterwards, all participants filled in a post-experimental questionnaire to assess

if they had noticed the manipulation. Questions included a 9-point scale rating on the

audio’s naturalness (i.e. if the voice sounded natural and/or not edited; 1: extremely

unnatural, 9: extremely natural) and five open-ended questions about the experiment’s
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Figure 4.1. Trial sequence of Experiments 1 and 2.

stimuli and its aim. Participants who listened to the non-native speaker answered ad-

ditional questions about the auditory stimuli (i.e. two 9-point scale ratings on per-

ceived fluency and accentedness; 1: strongly disfluent, 9: strongly fluent; 1: strongly

accented, 9: strongly unaccented). Additionally, these participants rated their expo-

sure to foreign-accented English on two 9-point scales, measuring their daily interactions

with second-language English speakers (1: never, 9: always) and their daily exposure to

foreign-accented English (1: never, 9: always). Afterwards, participants were informed of

the actual aim of the experiment and further asked if they had noticed the manipulation.

4.2.2 Results

All analyses were carried out in R version 4.2.0 (R Core Team, 2020), using the lme4

(version 1.1.29., Bates et al., 2015) package. Data wrangling was done with the tidyverse

(version 1.3.1., Wickham et al., 2019) package, and data visualization with ggplot2 (ver-

sion 3.3.6., Wickham, 2016) and wesanderson (version 0.3.6., Ram & Wickham, 2018)

packages. Due to an error in presentation, data from three pairs had to be removed, as

they overlapped phonologically (9.07% of trials). Data where no click was recorded or

participants clicked on the wrong item were not included in the analysis (0.29% of trials).
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Answers to questionnaire

On average, participants rated the naturalness of the audio as 8.04 (SD = 1.05) for

the native speaker and 7.10 (1.26) for the non-native speaker (t(94) = 3.36, p < 0.001).

Additionally, they rated the non-native speaker on average 6.73 (1.18) for fluency and 7.10

(1.31) for accentedness. Participants reported being exposed daily to non-native accented

English at an average of 6.08 (2.34), and interacting daily with non-native speakers at

6.13 (2.36). These measures did not correlate with participants’ behaviours and are not

discussed any further.

Reaction time

On average, our participants’ accuracy at selecting the right target was quite high (99.5%

for the native, 99.67% for the non-native speaker). To investigate whether the presence of

a filled pause eased recognition of the target (following the fillers-as-time account, Corley

& Hartsuiker, 2011), we analysed participants’ reaction times. Trials with reaction times

that exceeded 2000 ms post-target offset were removed from analysis (0.07% of observa-

tions). Further, trials that exceeded 2 standard deviations by participant mean were not

included in the analysis (4.74% of observations).Table 4.2 depicts participants’ reaction

times by manner of delivery, speaker’s linguistic background, and referent frequency.

Table 4.2

Mean reaction times (ms) of participants’ click on the referent for both the native and non-
native speaker condition by manner of delivery and target’s frequency (standard deviation
in brackets).

Native speaker RT (ms) Non-native speaker RT (ms)

Fluent

High-frequency 898 (201) 906 (215)

Low-frequency 946 (193) 962 (221)

Disfluent

High-frequency 884 (182) 897 (200)

Low-frequency 940 (200) 936 (211)
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We modelled participants’ raw reaction times using a linear mixed model. The

model included fixed effects for manner of delivery (fluent coded as -0.5, disfluent as +0.5),

speaker’s linguistic background (native coded as -0.5, non-native as +0.5), referent fre-

quency (high-frequency coded as -0.5, low-frequency as +0.5) and their interactions. The

maximal model (Barr et al., 2013) included by-participant and by-item random intercepts,

with random slopes for manner of delivery, referent frequency, and their interaction by-

participant, and random slopes for manner of delivery, speaker’s linguistic background,

and their interaction by-item. The maximal model failed to converge and thus was sim-

plified by dropping the terms that explained the least variance. The final model included

a random slope for manner of delivery by-participant, and random slopes for manner of

delivery and speaker’s linguistic background by-item. Results were deemed significant at

|t| > 2 (Baayen, 2010).

The model showed that participants were faster at clicking on the referent when

this was high-frequency (β = 51.46, SE = 12.52, t = 4.11), in line with the word-frequency

effect (e.g., Howes & Solomon, 1951; Dahan et al., 2001). We found a not significant

effect of manner of delivery in the expected direction (β = 11.98, SE = 6.83, t = 1.75)

or speaker’s linguistic background (β = 8.61, SE = 29.56, t = 0.29). Importantly, there

was no interaction between frequency and manner of delivery (β = 8.46, SE = 13.51, t

= 0.63). The interaction between frequency, manner of delivery, and speaker’s linguistic

background was close to significance (β = 40.93, SE = 22.04, t = 1.86). This lack of effect

fails to replicate previous findings whereby the presence of a disfluency speeded up the

selection only of low-frequency words (Bosker et al., 2014). We turn to an explanation

as to why we did not replicate the effects of manner of delivery and speaker’s linguistic

background in the discussion.

Eye movements: Prediction Time window

Figures 4.2 and 4.3 depict participants’ pattern of fixations for fluent and disfluent ut-

terances respectively. The time course of fixations for fluent utterances does not seem to

differ between the low- and the high-frequency item, regardless of the speaker condition.
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In contrast, disfluent utterances present a contrasting pattern. Those listening to the

native speaker started to fixate on the low-frequency item shortly after the onset of the

filled pause, to then start fixating on the high-frequency item. In contrast, those in the

non-native speaker condition increased their fixations towards either item shortly after

encountering the. From um onset, fixations on the high-frequency item slightly decreased

over time. These figures thus suggest that non-native disfluencies biased participants

towards low-frequency items, while native disfluencies biased participants towards high-

frequency items.
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Figure 4.2. Mean proportion of fixations to high- (orange line) and low-frequency (red

line) items in fluent utterances by speaker’s linguistic background (native/non-native)

over time. Proportions were calculated out of the sum of fixations towards either object

for each 20-ms time bin. Shaded areas represent ± 1 standard error of the mean.

Figure 4.3. Mean proportion of fixations to high- (orange line) and low-frequency (red

line) items in disfluent utterances by speaker’s linguistic background (native/non-native)

over time. Proportions were calculated out of the sum of fixations towards either object

for each 20-ms time bin. Shaded areas represent ± 1 standard error of the mean.
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We first analysed eye movements following Bosker et al.’s (2014) analysis. In

two generalised linear mixed models (one per manner of delivery, due to the differences

in length between fluent and disfluent utterances, cf. Bosker et al., 2014), we analysed

participants’ fixations on the low-frequency item. The time window of analysis began

at ‘the’ onset and ended at target onset. Both fluent and disfluent time windows were

shifted by 200 ms post-target onset to account for the time it takes to launch a saccade

(Matin et al., 1993).

We modelled fixations to the low-frequency item over time as a function of the

speaker’s linguistic background. To explore dynamic changes in participants’ pattern of

fixations, we included two polynomials as linear and quadratic time components (Mirman

et al., 2008; Mirman, 2017). Both models included nativeness (native coded as 0, non-

native as 1), linear time, and quadratic time, as well as the interaction between nativeness

and each time component as fixed effects. For ease of convergence, we divided the linear

and quadratic terms by 200. The models included random intercepts by-participant,

by-item and by-sentence template.

Table 4.3 depicts the model estimates of each model. The first six parameters refer

to the fixations towards the low-frequency item in fluent utterances. The model showed

that participants were less likely to fixate on the low-frequency item at the ‘the’ onset

when listening to a native speaker (β = -0.93, SE = 0.19, z = -4.81, p <.001). This pattern

did not change linearly (B = 0.08, SE = 0.14, z = 0.58, p = .56) or quadratically (B =

0.0003, SE = 0.0004, z = 0.63, p = .53). This pattern did not differ in the non-native

speaker condition. Overall, this suggests that following fluent utterances, participants

were not likely to fixate on the low-frequency item.
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Table 4.3

Estimated parameters of two mixed effects logistic regression models (one per manner
of delivery) of the looks to low-frequency objects, with fixed effects of speaker’s linguistic
background (native coded as 0, non-native as 1), a linear and a quadratic time component,
and their interactions. Time window of analysis spanned from ‘the’ onset until 200 ms
post-target onset.

Estimate Std. Error z-value p-value

Fluent utterances

Intercept -0.93 0.19 -4.81 <.001

Linear Time 0.08 0.14 0.58 .56

Quadratic Time 0.0002 0.0004 0.63 .53

Non-native Speaker 0.10 0.26 0.37 .71

Linear Time * Non-native Speaker -0.10 0.18 -0.56 .58

Quadratic Time * Non-native Speaker 0.0001 0.0005 0.23 .82

Disfluent utterances

Intercept -0.83 0.16 -5.32 <.001

Linear Time 0.06 0.02 2.70 .007

Quadratic Time -0.00007 0.00002 -3.15 .002

Non-native Speaker 0.03 0.21 0.15 .88

Linear Time * Non-native Speaker 0.07 0.03 2.15 .03

Quadratic Time * Non-native Speaker -0.00002 0.00003 -0.58 .56

The next six parameters refer to fixations towards the low-frequency item in dis-

fluent utterances. In this case, at the onset of a lengthened ‘the’, participants in the

native speaker condition started off by not fixating on the low-frequency item (β = -0.83,

SE = 0.16, z = -5.32, p <.001), followed by a linear increase (β = 0.06, SE = 0.02, z

= 2.70, p = .007), followed by a quadratic decrease (β = -0.00007, SE = 0.00002, z =

-3.15, p = .002), i.e., it followed a ∩ shape. This linear increase was slightly bigger in

the non-native speaker condition (β = 0.02, SE = 0.21, z = 0.15, p = .03). This model

suggests that there was a weak increase in fixations on the low-frequency item following

a disfluency.
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Analysing the time course of fixations binomially partially supports Bosker et al.’s

(2014) findings. These results suggest that the presence of a disfluency, produced by

either a native or a non-native speaker, increased fixations on the low-frequency item.

It is important to note, however, that a binomial analysis only measures participants’

preference for the low-frequency item, without measuring if it comes at the cost of a

dispreference for the high-frequency item. While Bosker et al. (2014) took this measure

as reflective of participants’ update of predictions following a disfluency, modelling only

fixations to the low-frequency item might only depict half of the picture, as suggested

by Figure 4.3, given that their analysis does not compare participants’ preference for the

low-frequency item between fluent and disfluent items (because of the differences in time

between the two conditions). Further, coding fixations binomially may yield different

results when compared to analyses that consider instead the proportion of time fixating

on each item (Ito & Knoerfele, 2022).

A better conceptualisation of the disfluency bias, in a situation where fluent and

disfluent utterances cannot be compared, would be measuring the preference for the low-

frequency item over the high-frequency one, a pattern not captured by a binomial analysis.

Therefore, we conducted a separate analysis where we calculated the fixation proportions

towards either object per bin and transformed them into empirical logits (Barr, 2008)

to measure this preference (i.e., a low-frequency advantage): Positive numbers index a

preference for the low-frequency item, while negative numbers index a preference for the

high-frequency item. Figures 4.4 and 4.5 represent the low-frequency advantage modelled

to help mapping the model estimates. We analysed this preference to fixate on the low-

frequency item over the high-frequency one in two linear mixed models, one per manner

of delivery, in the same time windows as our previous analysis. Each model included

fixed effects for nativeness (native coded as 0, non-native as 1), linear and quadratic time

components, and the interaction between nativeness and each time component. Each

model included random intercepts by-participant, by-item and by-sentence template. We

considered effects significant at |t| > 2 (Baayen, 2008).
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Figure 4.4. Mean low-frequency advantage in empirical logits in fluent utterances by

speaker’s linguistic background from audio onset to 200 ms post-target onset. Positive

values index a preference to fixate on the low-frequency object, and negative values index

a preference to fixate on the high-frequency object. Shaded areas represent ± 1 standard

error of the mean.

Figure 4.5. Mean low-frequency advantage in empirical logits in disfluent utterances by

speaker’s linguistic background from audio onset to 200 ms post-target onset. Positive

values index a preference to fixate on the low-frequency object, and negative values index

a preference to fixate on the high-frequency object. Shaded areas represent ± 1 standard

error of the mean.
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Table 4.4 depicts the result of these two models. For fluent utterances, there was

no preference towards either item over time when listening to the native speaker, either

linearly (β = 0.02, SE = 0.09, t = 0.22) or quadratically (β = -0.00005, SE = 0.0003, t

= -0.20). This pattern did not differ in the non-native speaker condition (β = -0.02, SE

= 0.11, t = -0.15; β = 0.00006, SE = 0.0003, t = 0.19 respectively).

Table 4.4

Estimated parameters of two linear mixed effects regression models (one per manner of
delivery) on the preference to fixate on the low-frequency item via empirical logits, with
fixed effects of speaker’s linguistic background (native coded as 0, non-native as 1), a
linear and a quadratic time component, and their interactions. Time window of analysis
spanned from ‘the’ onset until 200 post-target onset.

Estimate Std. Error t-value

Fluent utterances

Intercept -0.04 0.09 -0.46

Linear Time 0.02 0.09 0.22

Quadratic Time -0.00005 0.0003 -0.20

Non-native Speaker 0.04 0.11 0.38

Linear Time * Non-native Speaker -0.02 0.11 -0.15

Quadratic Time * Non-native Speaker 0.00006 0.0003 0.19

Disfluent utterances

Intercept 0.11 0.06 1.95

Linear Time -1.22 0.02 -6.62

Quadratic Time 0.0001 0.00002 5.60

Non-native Speaker -0.08 0.07 -1.08

Linear Time * Non-native Speaker 0.11 0.02 4.44

Quadratic Time * Non-native Speaker -0.00007 0.00002 -3.34

Disfluent utterances produced by the native speaker were characterised by a linear

decrease in the low-frequency advantage (β = -1.22, SE = 0.02, t = -6.62), followed by

a quadratic increase (β = 0.0001, SE = 0.00002, t = 5.60). In contrast, in the non-

native speaker condition, the preference to fixate on the low-frequency item increased
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linearly (β = 0.11, SE = 0.02, t = 4.44) and decreased quadratically (β = -0.00007, SE =

0.00002, t = 3.34). This suggests that the low-frequency preference following a disfluency

increased quadratically for those attending to native-accented speech, and linearly for

those attending to non-native-accented speech.

The present analyses highlight how different conceptualisations of eye movements

yield different interpretations. Bosker et al. (2014) and the binomial analysis presented

here explored whether participants fixate on a low-frequency item depending of the ut-

terance’s manner of delivery. When coding fixations binomially, similarly to Bosker et al.

(2014), the results of our analysis replicate their results: The model suggests that there

was a linear increase, albeit weak, in fixations on the low-frequency item over time. As we

discussed, a more appropriate manner of measuring the potential bias exerted by a filled

pause is by modelling a preference for the low-frequency item over the high-frequency one

(via empirical logits). In this analysis, we failed to replicate Bosker et al.’s (2014) pattern

of fixations following a native disfluency: Our results suggest that fixations towards the

low-frequency item increased quadratically, instead of linearly.

Eye movements: Word recognition

Analysis of eye movements in our prediction window revealed two unexpected findings:

(1) that non-natives’ disfluencies (as opposed to natives’) increased the preference to

fixate on the low-frequency linearly, and (2) increased the preference to fixate on the high-

frequency linearly, with the preference for the low-frequency item emerging quadratically.

We decided to conduct a follow-up analysis to whether the presence of a filled pause

impacted word recognition, that is, in a time window when listeners had encountered

phonological information about the target. It could be possible that the presence of a

filled pause eased the recognition of the upcoming word (in line with the fillers-as-time

account), and that this benefit is larger for a low-frequency item (following a fillers-as-

tokens account).
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We thus conducted an analysis on the time window after target onset. Following

Bosker et al.’s (2014) supplementary analyses, we defined our window of analysis based

on visual inspection of participants’ fixations: We selected a time window elapsing from

target onset until participants’ fixations suggested that they had fixated on the target

(i.e., when fixations on the target reached an asymptote). In our case, this occurred within

760 ms post-target onset (see Figure A.1 for the target advantage, as defined below, and

Appendix A, section A.2.1 for a visualization of the raw fixation probabilities). This time

window covers the length of the longest word to produce: Reducing the interest period

prior to word offset may mask any effects of interest, and it may be preferable to analyze

longer time windows to capture delayed effects (Ito & Knoerfele, 2022).

The utterance’s target phonological information was available for participants in

this time window. As we are interested in the ease with which this information is recog-

nised, we modelled the preference to fixate on the target (as opposed to the preference

to fixate on the low-frequency item) using empirical logits (Barr, 2008), i.e., the target

advantage: Positive values indicate fixations on the target, and negative values indicate

fixations on the distractor. The model included factors of nativeness (native coded as

0, non-native as 1), manner of delivery (fluent coded as 0, disfluent as 1), frequency

(high-frequency coded as 0, low-frequency as 1), linear and quadratic time components,

and their interactions (bar interactions between time components themselves). For ease

of convergence, we divided the linear and quadratic terms by 200. We included random

intercepts by-participant, by-item and by-sentence template.

Due to the model’s complexity, we will describe the parameters of Table 4.5 in

relation to Figure 4.7. Starting with the native speaker condition (top panel of Figure

4.7), parameters A to C capture the preference to fixate on high-frequency targets pro-

duced fluently (orange, dashed line): In this case, the target advantage increased linearly

(parameter B), with a weak quadratic increase (parameter C ). When high-frequency

targets were produced disfluently, the target advantage increased less linearly and more

quadratically than its fluent counterparts (parameters H and I ; orange, solid line in



Chapter 4. Disfluency as Difficulty 80

Figure 4.7). This suggests a slight disadvantage in recognising high-frequency targets

when they were preceded by a disfluency, as can be seen in the comparison between the

solid (disfluent) and dashed (fluent) orange lines. The target advantage when it was a

low-frequency word produced fluently was characterised by a weaker linear increase and

a more quadratic increase than its high-frequency counterparts (parameters E and F,

dashed, red line), what likely reflects the word-frequency effect, whereby word frequency

affects the early stages of lexical access so that high-frequency words are recognised faster

(Brysbaert et al., 2011; Dahan et al., 2001). The preference to fixate on low-frequency

targets when produced disfluently, however, increased more linearly (parameter K, solid

red line). Visual inspection of Figure 4.7 suggests that the presence of filled pauses fa-

cilitated the recognition of these targets in contrast to when they were produced fluently

(comparison between the solid and the dashed red lines).

Moving on to the non-native speaker condition, the preference to fixate on high-

frequency targets produced fluently increased less linearly and more quadratically than

in the native condition (parameters N and O). Visual comparison between the top and

bottom panels of Figure 4.7 (depicting the native and non-native speaker conditions,

respectively) suggests that the overall recognition of targets produced by a non-native

speaker was characterised by a more quadratic increase, possibly attributable to reduced

intelligibility due to a non-native accent. The target advantage for high-frequency targets

produced disfluently did not differ from that of the native speaker (parameters S and

O, solid orange line): Visual exploration of Figure 4.7 suggests that the recognition of

high-frequency words after a disfluency was impaired (comparison between the solid and

the dashed orange lines). The preference to fixate on low-frequency targets produced

fluently increased slightly more linear and less quadratically than its native counterpart

(parameters Q and R). Importantly, participants were more likely to fixate at the offset on

the target when it was a low-frequency word produced disfluently (parameter V ), likely

a spillover of the effects found in the prediction time window. The growth of the target

advantage did not differ from that in the native speaker condition (parameters W and
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Z ), suggesting that the presence of a filled pause aided the recognition of low-frequency

words.
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Table 4.5

Estimated parameters of a mixed effects model for target preference measured as empirical
logits in a time window from target onset to 760 ms post-target onset, with speaker’s
linguistic background (native coded as 0, non-native as 1), target frequency (high-frequency
coded as 0, low-frequency as 1), manner of delivery (fluent coded as 0, disfluent as 1),
linear and quadratic time components, and their interaction as fixed effects.

Estimate Std. Error t value

A. Intercept -0.14 0.07 -2.05

B. Linear Time 0.17 0.04 4.01

C. Quadratic Time 0.0005 0.0001 9.23

D. Low-frequency 0.03 0.07 0.38

E. Low-frequency * Linear Time -0.20 0.06 -3.45

F. Low-frequency * Quadratic Time 0.0002 0.0001 3.22

G. Disfluent -0.02 0.08 -0.28

H. Disfluent * Linear Time -0.12 0.06 -2.03

I. Disfluent * Quadratic Time 0.0002 0.0001 2.72

J. Disfluent * Low-frequency -0.13 0.07 -1.95

K. Disfluent * Low-frequency * Linear Time 0.29 0.08 3.49

L. Disfluent * Low-frequency * Quadratic Time -0.0003 0.0001 -3.28

M. Non-native Speaker 0.16 0.09 1.80

N. Non-native Speaker * Linear Time -0.37 0.06 -6.29

O. Non-native Speaker * Quadratic Time 0.0004 0.0001 5.98

P. Non-native Speaker * Low-frequency 0.01 0.07 0.15

Q. Non-native Speaker * Low-frequency * Linear Time 0.20 0.08 2.47

R. Non-native Speaker * Low-frequency * Quadratic

Time

-0.0004 0.0001 -3.47

S. Non-native Speaker * Disfluent -0.01 0.11 -0.11

T. Non-native Speaker * Disfluent * Linear Time 0.04 0.08 0.53

U. Non-native Speaker * Disfluent * Quadratic Time -0.0001 0.0001 -1.00

V. Non-native Speaker * Disfluent * Low-frequency 0.21 0.09 2.24

W. Non-native Speaker * Disfluent * Low-frequency *

Linear Time

-0.17 0.12 -1.46

Z. Non-native Speaker * Disfluent * Low-frequency *

Quadratic Time

0.0002 0.0001 1.51
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Figure 4.6. Mean target advantage by target frequency (red: low-frequency, orange: high-

frequency) by manner of delivery and and speaker’s linguistic background (native/non-

native). Target advantage was calculated via empirical logits, where positive values in-

dicate a preference to fixate on the target, and negative values a preference to fixate on

the distractor. Time window of analysis spanned from target onset to 760 ms post-target

onset. Shaded areas represented ± 1 standard error of the mean.
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Figure 4.7. Growth Curve Analysis model fit of empirical logits to the low-frequency

(red) and high-frequency (orange) items as a function of manner of delivery (dashed line:

fluent, solid line: disfluent) and speaker’s linguistic background (native/non-native).

4.2.3 Discussion

The findings of Experiment 1 are partially at odds with previous findings suggesting that

native’s, but not non-native’s disfluencies, lead to anticipatory eye movements towards

objects with low-frequency labels (Bosker et al., 2014). When listeners encountered a

disfluency, we found evidence for anticipatory eye movements towards such objects if the

speaker was non-native, but not for the native speaker. Subsequent analysis in a time

window reflecting word recognition showed that the presence of a disfluency, regardless
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of the speaker’s linguistic background, facilitated the recognition of the low-frequency

words and negatively affected the recognition of high-frequency words. The results of

this secondary analysis partially align with those reported by Bosker et al. (2014), with

the difference that in Experiment 1, non-native disfluencies affected word recognition

similarly to native ones. However, we failed to find an effect of manner of delivery on

reaction times, in contrast to Bosker et al. (2014). In this discussion, we will first focus on

the differences between our results and Bosker et al.’s (2014) in the time window prior to

target onset (reflecting prediction), to then move our discussion to the effects of manner

of delivery once the target has been encountered.

The most striking finding of Experiment 1 is the lack of anticipatory eye move-

ments towards low-frequency items following a native disfluency. In fact, our analysis

suggests a dispreference to fixate on these items, which is not only at odds with Bosker

et al. (2014), but also with a large body of research suggesting that disfluencies bias

listeners’ anticipations towards elements that are contextually associated with disfluency

(e.g., harder to name objects, Arnold et al., 2004, Watanabe et al., 2008; discourse-new

elements, Arnold et al., 2007, Heller et al., 2015). There are two potential explanations

for this difference, implicating disparities between our analysis and that of Bosker et al.

(2014), as well as the qualities of the auditory stimuli employed.

The most direct argument revolves around how the disfluency bias was concep-

tualised. In the original study, Bosker et al. (2014) explored fixations on low-frequency

items prior to target onset binomially. As the authors themselves note ‘we interpret a

higher probability of fixations on low-frequency objects as a preference for low-frequency

references, without excluding the possibility that the same result may be accounted for

by a dispreference for high-frequency referents (Bosker et al., 2014, p. 108). In fact, when

the disfluency bias is conceptualised as Bosker et al. (2014) did, we also found a prefer-

ence to fixate on low-frequency targets following a native disfluency. Visual exploration

of participants’ pattern of fixations suggested that this approach might not be represen-

tative of the data: In fact, native disfluencies led to an increase in fixations towards the
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high-frequency item. We argued that a better conceptualisation of the disfluency bias

requires a dispreference towards high-frequency items because predicting a low-frequency

word should come at the expense of not expecting a high-frequency word. Analysing par-

ticipants’ patterns of fixations with this conceptualisation (via empirical logits) showed

that a native speaker’s disfluencies led to a linear low-frequency disadvantage. At face

value, this striking difference due to the disparity between the analyses casts some doubts

on the original claims put forward by Bosker et al. (2014).

The second explanation concerns the qualities of our native speaker’s filled pause.

Bosker et al. (2014) reported filled pauses of around 900 ms of duration, which is well

within the range of the duration of disfluencies employed in other studies (e.g., 1.3 s,

Arnold et al., 2004). Additionally, previous studies reported that disfluencies were char-

acterised by changes in length and prosody prior to the production of the filled pause

(Arnold et al., 2003). The combination of these features in disfluent utterances might

have made comprehenders notice that the speaker was about to be disfluent: Indeed, a

filled pause is the obvious sign of a disfluency, but its surroundings are affected by its

presence (cf. Section 2.1). In contrast, the length of the filled pause of our native speaker

was 658 ms on average, with the length of the prolonged article not differing from that

when the native speaker was fluent (160 ms and 135 ms on average, respectively). There-

fore, in Experiment 1, those listening to the native speaker may have had less evidence of

the speaker’s hesitation than those listening to the native speaker. The overall preference

to fixate on the high-frequency item might reflect listeners’ anticipations given the lack

of disfluency, with the quadratic increase reflecting the delayed effect of perceived disflu-

ency. Since in fluent utterances the target name immediately follows the words ‘Click on

the’, there is no obvious timeframe in which predictive looks to the high-frequency item

might be detected.

The next difference between Experiment 1 and Bosker et al. (2014) concerns

the effects of non-native disfluencies on prediction. Bosker et al. (2014) reported that

listeners did not display anticipatory eye movements towards low-frequency words when
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they encountered a filled pause produced by a non-native speaker. The authors took

this attenuation as reflecting listeners’ experience with non-native-accented speech, i.e.,

a more arbitrary pattern of disfluencies which reduced their predictive value, in line with

the fillers-as-tokens account; and, specifically,the tokens-associative account. In our case,

our participants did display anticipatory eye movements towards such elements. It is

interesting to note that if Bosker et al.’s (2014) findings are attributable to individuals’

learning of non-native-accented speech properties we should have found a similar effect

unless there is a qualitative difference between the non-native speakers that participants

in Bosker et al. (2014) are exposed to and the ones the participants in Experiment 1 are.

Indeed, Bosker et al.’s (2014) participants reported being exposed to non-native-accented

speech an average of 3.83 (SD = 2.13) on a 9-point scale; in contrast, our participants

reported being exposed to non-native-accented speech and interacting with non-native

speakers an average of 6.08 (SD = 2.34) and 6.13 (SD = 2.36). This suggests that a

tokens-associative account might not fully explain Bosker et al.’s (2014) findings. As

participants in Experiment 1 had more exposure than those in Bosker et al. (2014) to the

non-arbitrary distribution of filled pauses in non-native-accented speech, yet displayed

the disfluency bias, this entails that if the tokens-associative account can explain Bosker

et al. (2014) we should have found similar findings.

An alternative possibility involves the similarity between our findings and previous

studies exploring predictive processing upon encountering disfluent speech from individ-

uals stereotyped to produce more filled pauses. For example, disfluencies produced by

an old person still bias listeners’ fixations towards discourse-new elements in a pattern

similar to that arising following disfluencies produced by a young person, even when lis-

teners hold the belief that the elderly are more disfluent (Saryazdi et al., 2021). The

difference between our findings and Bosker et al.’s (2014) could lie in the amount of ex-

posure listeners had to non-native-accented speech in their daily lives. Speculatively, as

experience with a particular property of a signal increases (e.g., a foreign accent), the

system habituates to this ‘deviation’ and might rely more on associations - what could

also explain Saryazdi et al.’s (2021) findings. Indeed, research has shown that as listeners’
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experience with non-native-accented speech increases, the system is more likely to engage

in predictive processing (Porretta et al., 2017, Porretta et al., 2020). This explanation

suggests that one factor that can increase the reliance on an associative mechanism is

listeners’ experience with the properties of the signal. This would suggest that Bosker et

al. (2014) findings would actually align with a tokens-inference account: Listeners’ stereo-

types about non-native speakers’ linguistic competence renders the disfluency a useless

cue, because they are likely to experience more difficulties in speech production.

Analysis of a time window post-target onset demonstrated that both native and

non-native disfluencies affected speech comprehension. Specifically, and partially in line

with Bosker et al.’s (2014) supplementary analysis, we found that the presence of a filled

pause facilitated the recognition of a low-frequency word and that, in fact, it impaired

the recognition of high-frequency words. These patterns align with the fillers-as-tokens

account, as they suggest that the benefit induced by a filled pause (in the form of fa-

cilitated recognition of subsequent linguistic units) depends on the congruency between

manner of delivery and the properties of the element that follow. It is important to note,

however, that this benefit did not cascade onto participants’ reaction times as in Bosker

et al. (2014). Arguably, this might be due to the lack of anticipatory processes in the

native speaker condition, and the reduced intelligibility of our non-native speaker. It

is possible that the reduced reaction time in selecting low-frequency items following a

disfluency in Bosker et al. (2014) is due to the pre-activation of these elements.

The results of Experiment 1 suggest that disfluencies can affect speech compre-

hension, at least at the level of word recognition. The fact that disfluencies produced

in non-native-accented speech led to similar effects to those in native-accented speech,

contrary to Bosker et al. (2014), fails to support an association account for the disfluency

bias in the form of learning probabilistic cues, as non-native-accented speech is more dis-

fluent. This pattern of results opens the possibility of whether the association is not about

the distributional properties of filled pauses themselves, but a crystallization of a causal

inference: Listeners learn that disfluencies are commonly associated with difficulties in
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speech production, and automatically attribute the origin of the problem when the set of

potential referents is available to them. This possibility is supported by the speed with

which the effects of disfluency constrained word recognition. A potential explanation for

the differences between our results and those of Bosker et al. (2014) has to do with listen-

ers’ exposure to different signals: The system might follow this learnt association unless

something in the speech signal triggers novelty (e.g., an accent) and thus considers the

speaker’s identity, and possibly resorts to an inference. However, these two possibilities

cannot be answered by the present experiments. In what follows, we explore whether

the bias towards low-frequency words can emerge in a scenario where listeners have less

experience with the linguistic input, and arguably fewer cognitive resources to engage in

inferences, but who may be more sensitive to speaker identity: non-native listeners.

4.3 Experiment 2: The role of listener identity

Non-native listeners also have to face disfluent speech, produced by both native and non-

native speakers. Most research exploring how disfluent speech affects second-language

comprehension has relied on offline measures, where non-native listeners are asked to

transcribe disfluent speech and the number of errors (or lack thereof) is taken as an

index of comprehension. Voss (1979) reported that speech including a range of hesitation

phenomena, including filled pauses, led to perceptual problems in non-native listeners as

reflected in the increase of errors in their transcriptions: A filled pause was taken as part

of a word, or words were taken as hesitation phenomena (see Freedle & Kostin, 1999;

Griffiths, 1991, for similar findings) - suggesting that, if anything, disfluencies impair

second-language comprehension.

In contrast, other studies have found that disfluencies are beneficial in second-

language comprehension, as long as non-native listeners recognise filled pauses as such.

Blau (1991) found that speech peppered with hesitation phenomena, such as discourse

markers and filled pauses, improved non-native listeners’ comprehension of speech, as

evidenced by their answers to questions about the content of the discourse (see also



Chapter 4. Disfluency as Difficulty 90

Buck, 2001; Carney, 2022; for similar findings). Overall, this line of research suggests that

filled pauses can aid comprehension following the predictions of the fillers-as-time account

(Bloomfield et al., 2010): Non-native listeners may benefit from an interruption to the

speech signal due to the increased difficulties associated with comprehending a non-native

language. However, due to the methodologies employed, it is difficult to explain whether

these effects are due to facilitated word segmentation or to the attention-orientating

effects of filled pauses.

Alternatively, filled pauses could also guide comprehension by informing listeners’

anticipations of what will follow, in line with the fillers-as-tokens account. There is,

however, little evidence regarding the effects of disfluencies on the online processing of

second-language comprehension. Watanabe et al.’s (2008) experiments stand as the sole

study that partially tackles this question. In their study, the authors investigated whether

filled pauses affected native and non-native listeners’ anticipations about the complexity

of upcoming elements, as measured by their reaction times in selecting the appropriate

target. In a paradigm similar to that of Arnold et al. (2007), participants saw pairs

of items consisting of a simple shape (e.g., a triangle) and a compound shape (e.g., a

triangle with two arrows attached). Following Arnold et al.’s (2007) reasoning, a filled

pause should lead listeners to anticipate a compound shape, because it is harder to refer

to these objects in comparison to a simple shape.

Watanabe et al. (2008) found that native Japanese listeners were faster at selecting

compound shapes when the speaker was disfluent. Non-native Japanese listeners (L1:

Chinese) displayed different patterns depending on their proficiency. Proficient listeners’

behaviours were similar to their native counterparts, while novice listeners’ reaction times

were not impacted in any direction by the presence of a disfluency. Intermediate listeners,

however, showed a mixed pattern: They were faster at selecting the compound shape if

the speaker was disfluent, but the presence of a disfluency before the speaker referred to

a simple shape increased their reaction times.
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These findings are consistent with the fillers-as-tokens account. If a delay itself fa-

cilitates object recognition, according to the fillers-as-time account, novice listeners would

have shown faster reaction times following disfluent utterances. The differences between

proficient and intermediate listeners can be understood in terms of prediction error: Filled

pauses cued the wrong expectations when they preceded simple constituents, and recov-

ery from this prediction error was harder for intermediate than for proficient listeners.

Watanabe et al.’s (2008) explained their findings in terms of the tokens-associative ac-

count: The more exposed non-native listeners had been to the target language, the more

likely it was for the disfluency bias to arise. This would be in line with theories where

non-native comprehenders’ use of cues to guide their comprehension is not as dependent

on proficiency as it is on exposure (Dussias & Sagarra, 2007): In Watanabe et al. (2008),

non-native participants’ proficiency was measured by their length of residence in Japan.

Watanabe et al.’s (2008) findings speak to the fact that non-natives’ expectations follow-

ing a disfluency are sensitive to language-extrinsic causes for the presence of a disfluency

(i.e., describing an object that requires a longer description).

This leaves the question open of whether non-native listeners can anticipate objects

whose labels are difficult to produce due to their accessibility (i.e., language-intrinsic). It

is possible that this finer-detailed expectation is not available in second-language compre-

hension. Indeed, the word-frequency effect is exacerbated in non-native comprehension.

Diependaele et al. (2013) showed that non-native comprehenders’ reduced exposure to

the target languages maximises the frequency differences between lemmas, so that the

representation of low-frequency words is weaker and thus non-native comprehenders take

longer to identify them (see also Gollan et al., 2008; Whitford & Titone, 2012). This

opens the question of whether non-native comprehenders’ associations (or inferences)

about disfluencies can be this specific. Answering this question not only can inform our

understanding of how disfluencies can impact the online processing of second-language

comprehension, but more generally, it can shed light on the general mechanisms under-

lying the disfluency bias: Particularly, it can show whether the specificity reported in

Bosker et al. (2014) depends on the amount of exposure to a language.
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It is important to note that the characteristics of second-language comprehension

can shed light on how effortless it can be to follow this association. In Section 3.2.2, we

argued that predictions in second-language comprehension due to associations can emerge

in patterns similar to those of first-language while inferences may be delayed due to re-

duced cognitive resources and automaticity (Ito & Pickering, 2021; Pickering & Gambi,

2018). This would translate into time courses for the disfluency bias differing between

first- and second-language comprehension, depending on what mechanism underlies it.

We further argued that non-native listeners tend to rely more on cues they have mas-

tered well: While following an association can be automatic, non-native comprehenders

may be also more sensitive to the speaker’s identity (Futrell & Gibson, 2017). In turn,

comprehending one’s second language riddled with disfluencies may differ depending on

who produces the filled pause.

In Experiment 2, we extended Experiment 1 to a sample of non-native English

listeners. Participants heard instructions provided by either a native or a non-native

English speaker who would refer to one (out of two) objects either fluently or disfluently.

Contrary to previous studies on second-language comprehension, we did not test a homo-

geneous sample of non-native listeners. While homogeneity in participants’ first language

is desirable when the predictive cue in the non-native language is language-specific (e.g.,

gender marking), filled pauses are ubiquitous to all languages. Secondly, and most im-

portantly, previous studies have shown that the different phonetic realisations of filled

pauses across language do not impact their potential as a cue for upcoming items for

bilinguals (Morin-Lessard & Byers-Heinlein, 2019). Finally, what is of relevance to us

is our participants’ proficiency in English (following Watanabe et al., 2008). Here, we

tested a sample of bilinguals immersed in an English-speaking environment and gathered

additional measures of their proficiency. We additionally measured daily interactions and

exposure to native and non-native-accented speech to control for the role of experience.
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4.3.1 Methods

All materials and data, including experimental and analysis scripts, can be found at

https://osf.io/ct2ja/.

Participants

109 self-reported L2 English speakers took part in the study. Participants were aged

between 18-30 years old, had normal or corrected-to-normal vision, and had no hear-

ing impairments. Participants were recruited from either the general population or the

University of Edinburgh student pool. All participants gave their informed consent as

approved by the University of Edinburgh PPLS Ethics Committee (reference number:

249-1819/3). Participants were compensated for their participation (either with economic

reimbursement - £5 - or with university credit) and were debriefed after the experiment.

Similarly to Experiment 1, our recruitment method led to a larger sample size than de-

sired (we tested one participant more than necessary): In the reported analysis, we only

included participants who met our criteria up to our planned sample size.

To determine participants’ eligibility, we included responses to the Language Ex-

perience and Proficiency Questionnaire (LEAP-Q, Marian et al., 2007). Participants were

excluded if they listed English as their first acquired language. Previous studies have used

6 years old as a cutoff for age of acquisition; in our case, we excluded participants if their

usage of English was higher than 20% during childhood in comparison to their other lan-

guages. This was chosen to compensate for the fact that in many countries children are

exposed to English in kindergarten. Based on these criteria, we identified and excluded

five participants.

Additionally, we excluded participants if they reported 1) the aim of the study,

2) the manipulation, or 3) that the naturalness of the audio was rated lower than 4 in

the post-experimental questionnaire. We further removed data from three participants

due to their ratings. This resulted in a sample size of 96 participants (48 per speaker

condition, males = 20) (see 4.6 and Appendix A, Section A.1).

https://osf.io/ct2ja/


Chapter 4. Disfluency as Difficulty 94

Table 4.6

Participants’ mean proficiency (and standard deviation) as measured by the LexTale as
well as the number of participants in each CPF level of proficiency following their LexTale
score, self-reported English proficiency (1 = not good at all, 10 = native-like) mean (and
standard deviations), alongside participants’ first language and country of origin, and
length of residency in the United Kingdom.

Native speaker conditon Non-native speaker condi-

tion

LexTale score

Mean score = 74 (13.6)

C1 - C2: 19

B2: 19 B1: 10

Mean score = 76.3 (11.7)

C1 - C2: 23

B2: 21 B1: 4

Self-reported English profi-

ciency in speaking

7.84 (1.44) 8.10 (1.51)

Self-reported English profi-

ciency in reading

8.67 (1.15) 8.73 (1.23)

Self-reported English profi-

ciency in listening

8.44 (1.29) 8.62 (1.23)

Self-reported English profi-

ciency in writing

7.99 (1.47) 8 (1.52)

Length of stay in the UK
Range = 1 month - 19 years

Mode = 2 months

Range = 1 month - 9 years

Mode = 5 months

First language Chinese (21), Polish (5),

Spanish (3), Cantonese (2),

Dutch (2), Greek (2), Man-

darin (2), Czech (1), Danish

(1), Farci (1), German (1),

Latvian (1), Norwegian (1),

Punjabi (1), Romanian (1),

Slovak (1), Thai (1), Turk-

ish (1)

Chinese (11), Dutch (3),

French (3), Polish (3), Can-

tonese (2), Finnish (2),

Hungarian (2), Greek (2),

Malay (2), Mandarin (2),

Slovene (2) Spanish (2),

Arabic (1), Bulgarian (1),

Croatian (1), Czech (1),

Danish (1), Estonian (1),

Indonesian (1), Italian (1),

Lithuanian (1), Portuguese

(1), Shona (1), Turkish (1).
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Materials

Experiment 2 employed the same materials reported in Experiment 1, with the addition

of post-experimental measures to control for participants’ linguistic backgrounds.

The present study utilized a version of the English LexTale (Lemhöfer & Broersma,

2012) implemented using OpenSesame (Mathôt et al., 2012) to measure participants’

English proficiency. In order to assess participants’ eligibility, we employed a pen-and-

paper adapted version of the Language Experience and Proficiency Questionnaire (LEAP-

Q, Marian et al., 2007). Participants were asked to list all the languages they spoke in the

order of acquisition and rate their proficiency in speaking, writing, reading, and listening

on a 10-point scale. For each language, participants reported the age of acquisition,

age of fluency, age when the language was first used for communicative purposes (i.e.

outside of a classroom setting), length of time spent learning the language, and mode of

acquisition (i.e. classroom, interaction with other people, media, or mixed). Participants

were also asked to rate their current exposure to each language on a 10-point scale in

various contexts (e.g. interactions with relatives, classmates, or media) and indicate if

they switched between languages. We included additional questions on language use

(de Bruin, 2019) and was similar to those employed in prior research on second language

(L2) speakers (Foucart et al., 2014; Ito et al., 2018): Participants reported the percentage

of exposure to each language during childhood, adolescence, and currently. Finally, we

collected demographic information such as country of origin, length of residency in the

United Kingdom and any other English-speaking country. Completing these tasks took

no longer than twenty minutes.

Procedure

The procedure was identical to that reported in Experiment 1 with the following excep-

tions. After the experiment, participants performed a version of the English LexTale

(Lemhöfer & Broersma, 2012), implemented using OpenSesame (Mathôt et al., 2012).

Afterwards, besides filling in the same post-experimental questionnaire as participants in
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Experiment 1, participants filled in the adapted version of the LEAP-Q (Marian et al.,

2007).

4.3.2 Results

As in Experiment 1, trials where no click was recorded or participants clicked on the

distractor were discarded from analysis (1% of trials). Additionally, 9.38% of trials were

not included in the analysis due to an error in presentation, as the experimental pairs

overlapped phonologically.

Answers to questionnaire

Participants rated the naturalness of the audio an average of 8.04 (1.29) for the na-

tive speaker and 6.57 (1.62) for the non-native speaker (t(94) = 5.24, p <.001). They

rated the non-native speaker’s fluency as 5.84 (1.77) and the audio’s accentedness as 7.04

(1.59). Non-native participants reported being exposed to non-native accented English

at an average of 7.11 (1.74) daily and interacting daily with non-native speakers at 7.54

(1.73) on a 9-point scale. Additionally, participants reported interacting with British

English speakers an average of 6.45 (2.14). These measures did not impact participants’

behaviours and are not discussed any further in the results.

Reaction time

On average, participants were highly accurate in selecting the right target (99.32% for

the native speaker, 98.66% for the non-native speaker). Table 4.7 depicts participants’

average reaction times by manner of delivery, speaker’s linguistic background and target

frequency. Prior to analysis, we removed observations where reaction time exceeded 2000

ms from target offset (0.94 %) and reaction times above or below 2 standard deviations

from the participant’s mean (4.91 % data lost).
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Table 4.7

Mean reaction times (ms) of participants’ click on the referent for both the native and non-
native speaker condition by manner of delivery and target’s frequency (standard deviation
in brackets).

Native speaker RT (ms) Non-native speaker RT (ms)

Fluent

High-frequency 921 (214) 946 (231)

Low-frequency 1026 (241) 1028 (243)

Disfluent

High-frequency 916 (197) 939 (225)

Low-frequency 1008 (236) 992 (230)

We modelled participants’ raw reaction times via a linear mixed model with fixed

effects for manner of delivery (fluent coded as -0.5, disfluent as +0.5), speaker’s linguistic

background (native coded as -0.5, non-native as +0.5), target frequency (high-frequency

coded as -0.5, low-frequency as +0.5), and their interactions. The maximal model with

by-participant and by-item random intercepts, and random slopes for fluency, frequency

and their interaction by-participant, and random slopes for fluency, speaker’s linguistic

background and their interaction by-target failed to converge. The model was thus sim-

plified by dropping hierarchically the parameters that explained the least variance. The

final model’s random effect structure included random slopes for frequency and fluency

by-participant, and random slopes for speaker’s linguistic background by-target.

The model showed a main effect of frequency, whereby low-frequency words lead

to slower reaction times (β = 90.94, SE = 18.76, t = 4.85). We failed to find any effect

for manner of delivery (β = 13.64, SE = 7.66, t = 1.78), speaker’s linguistic background

(β = 9.52, SE = 30.84, t = 0.31), or the interactions between these factors. Due to the

variability in our participants’ length of stay in the United Kingdom (see Table 4.6), we

did not conduct any further analyses exploring the effects of proficiency.
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Eye movements: Prediction Time window

Eye movements prior to target onset (i.e., a time window reflecting prediction) were anal-

ysed via two linear mixed models. As in Experiment 1, we conducted two analysis for

fluent and disfluent utterances, covering the time window from ‘the’ onset to word onset.

Following our discussion in Section 4.2.2, we analysed eye movements via empirical logits

to measure the preference to fixate on the low-frequency item over the high-frequency

one (i.e., the low-frequency advantage): Positive values reflect a preference to fixate on

the low-frequency item, while negative values reflect a preference to fixate on the high-

frequency item. Each model included speaker’s linguistic background (native coded as 0,

non-native as 1), two time components (a linear and a quadratic component), and the

interaction of nativeness with each time component as fixed effects. For ease of conver-

gence, we divided the linear and quadratic terms by 200. We included random slopes

by-participant, by-item and by-sentence template. Values were considered significant at

|t| > 2 (Baayen, 2008).

Figures 4.8 and 4.9 depict the low-frequency advantage for fluent and disfluent

utterances respectively (participants’ raw probabilities of fixations are depicted in figures

A.2 and A.3 in Appendix A, section A.2.2). Figure 4.8 suggests that participants did not

show any preference towards the low-frequency item (red line) over the high-frequency

item (orange line), for both speaker conditions. In disfluent utterances (Fig. 4.9), the

pattern of fixations towards either item did not differ over the time window where the

phonological information about the disfluency was available. Figure 4.9 suggests that our

non-native listeners’ fixations were not influenced by the presence of a disfluency.
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Figure 4.8. Mean low-frequency advantage in empirical logits in fluent utterances by

speaker’s linguistic background from audio onset to 200 ms post-target onset. Positive

values index a preference to fixate on the low-frequency object, and negative values index

a preference to fixate on the high-frequency object. Shaded areas represent ± 1 standard

error of the mean.

Figure 4.9. Mean low-frequency advantage in empirical logits in disfluent utterances by

speaker’s linguistic background from audio onset to 200 ms post-target onset. Positive

values index a preference to fixate on the low-frequency object, and negative values index

a preference to fixate on the high-frequency object. Shaded areas represent ± 1 standard

error of the mean.
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Table 4.8

Estimated parameters of two linear mixed effects regression models (one per manner of
delivery) on the preference to fixate on the low-frequency item via empirical logits, with
fixed effects of speaker’s linguistic background (native coded as 0, non-native as 1), a
linear and a quadratic time components, and their interactions. Time window of analysis
spanned from ‘the’ onset until 200 post-target onset.

Estimate Std. Error t-value

Fluent utterances

Intercept 0.04 0.11 0.55

Linear Time -0.006 0.09 -0.07

Quadratic Time 0.000008 0.0002 0.03

Non-native Speaker -0.14 0.14 -1

Linear Time * Non-native Speaker 0.24 0.13 1.85

Quadratic Time * Non-native Speaker -0.0006 0.0004 -1.50

Disfluent utterances

Intercept 1.92 0.07 0.30

Linear Time 0.006 0.02 0.35

Quadratic Time -0.00002 0.00002 -1.08

Non-native Speaker 0.07 0.08 0.82

Linear Time * Non-native Speaker -0.08 0.03 -3.06

Quadratic Time * Non-native Speaker 0.00007 0.00002 3.15

Table 4.8 depicts the results of both models. Fluent utterances by the native

speaker showed no preference towards either item over time (β = -0.006, SE = 0.09, t =

-0.07; β = 0.000008, SE = 0.0002, t = 0.03). This lack of preference did not differ for

fluent utterances produced by the non-native speaker. In line with Figure A.3, disfluent

utterances produced by the native speaker did not lead to a preference towards either

item (β = 0.006, SE = 0.02, t = 0.35; β = -0.00002, SE = 0.00002, t = -1.08). In contrast,

disfluent utterances by the non-native speaker were characterised by a linear decrease in

preference to look towards the low-frequency item (β = -0.08, SE = 0.03, t = -3.06),

followed by a weak quadratic increase (β = 0.00007, SE = 0.00002, t = 3.15). This time
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course contrasts with that of our participants in Experiment 1, in that filled pauses led

to a low-frequency disadvantage, to what we will return in the discussion.

Eye movements: Word recognition

Following Experiment 1, we analysed whether manner of delivery affected the recognition

of the target, especially given previous research suggesting that prediction in second-

language comprehension may be delayed.

Following the approach taken in Experiment 1, we modelled the preference to fixate

on the target (as opposed to the low-frequency item), because phonological information

was available in this time window. We analysed in a linear mixed model the preference

to fixate on the target via empirical logits (Barr, 2008) over a time window from target

onset to 760 ms post-target onset, where positive values mean fixations on the target, and

negative values reflect fixations on the distractor. The model included nativeness (native

coded as 0, non-native as 1), frequency (high-frequency coded as 0, low-frequency coded as

1), manner of delivery (fluent coded as 0, disfluent coded as 1), their interactions, a linear

and a quadratic time component, as well as the interactions between our variables with

the time components. For ease of convergence, we divided the linear and quadratic terms

by 200. We included random slopes by-participant, by-item and by-sentence template.

Table 4.9 reports the model’s results, which are depicted in Figure 4.11 (but also

see A.4 for the target advantage, and Appendix A, section A.2.3 for a visualization of

the raw fixation probabilities). The discussion of this analysis is reported by referring to

both the model’s estimates and their visualisation for ease of reading.
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Table 4.9

Estimated parameters of a mixed effects model for target preference measured as empirical
logits in a time window from target onset to 760 ms post-target onset, with speaker’s
linguistic background (native coded as 0, non-native as 1), target frequency (high-frequency
coded as 0, low-frequency as 1), manner of delivery (fluent coded as 0, disfluent as 1),
linear and quadratic time components, and their interaction as fixed effects.

Estimate Std. Error t value

A. Intercept -0.22 0.07 -3.08

B. Linear Time 0.11 0.04 2.45

C. Quadratic Time 0.001 0.00001 10.67

D. Low-frequency 0.34 0.07 4.65

E. Low-frequency * Linear Time -0.41 0.06 -6.78

F. Low-frequency * Quadratic Time 0.0003 0.0001 3.98

G. Disfluent 0.39 0.07 5.31

H. Disfluent * Linear Time -0.31 0.06 -5.11

I. Disfluent * Quadratic Time 0.0003 0.0001 3.61

J. Disfluent * Low-frequency -0.33 0.07 -4.66

K. Disfluent * Low-frequency * Linear Time 0.42 0.09 4.90

L. Disfluent * Low-frequency * Quadratic Time -0.0005 0.0001 -4.11

M. Non-native Speaker 0.27 0.08 3.23

N. Non-native Speaker * Linear Time -0.36 0.06 -5.85

O. Non-native Speaker * Quadratic Time 0.0003 0.0001 3.67

P. Non-native Speaker * Low-frequency -0.34 0.07 -4.82

Q. Non-native Speaker * Low-frequency * Linear Time 0.43 0.09 4.94

R. Non-native Speaker * Low-frequency * Quadratic

Time

-0.0004 0.0001 -3.50

S. Non-native Speaker * Disfluent -0.46 0.10 -4.47

T. Non-native Speaker * Disfluent * Linear Time 0.41 0.09 4.70

U. Non-native Speaker * Disfluent * Quadratic Time -0.0003 0.0001 -3.10

V. Non-native Speaker * Disfluent * Low-frequency 0.30 0.10 2.95

W. Non-native Speaker * Disfluent * Low-frequency *

Linear Time

-0.33 0.12 -2.67

Z. Non-native Speaker * Disfluent * Low-frequency *

Quadratic Time

0.0003 0.0002 2.23
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Figure 4.10. Mean target advantage by target frequency (red: low-frequency, or-

ange: high-frequency) by manner of delivery and and speaker’s linguistic background

(native/non-native). Target advantage was calculated via empirical logits, where posi-

tive values indicate a preference to fixate on the target, and negative values a preference

to fixate on the distractor. Time window of analysis spanned from target onset to 760

ms post-target onset. Shaded areas represented ± 1 standard error of the mean.
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Figure 4.11. Growth Curve Analysis model fit of empirical logits to the low-frequency

(red) and high-frequency (orange) fixations as a function of manner of delivery (dashed

lines: fluent, solid lines: disfluent) and speaker’s linguistic background (native/non-

native).

The top panel of Figure 4.11 depicts participants’ preference to fixate on high-

(orange) and low-frequency (red) targets in the native speaker condition. Parameters A

to C refer to the dashed, orange line: The target advantage when it was a high-frequency

target produced fluently. The model showed that in this condition, the target advantage

increased linearly and quadratically. A filled pause increased the preference to fixate

on these targets at the offset (parameter G), although the target advantage decreased

linearly in comparison to its fluent counterpart (parameter H ). Visual inspection of Figure
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4.11 suggests that this is due to the differences at the offset: From 400 ms, both the solid

(disfluent) and dashed (fluent) lines appear to follow a similar trajectory. Moving to

participants’ preference to fixate on low-frequency targets when produced fluently, we

find that the increase of the target advantage was less linear and more quadratic than

their high-frequency counterparts (parameters E and F ). Indeed, Figure 4.11 suggests

that the preference to fixate on the target when it was low-frequency, regardless of manner

of delivery, increased quadratically, possibly due to an increased word-frequency effect in

second-language comprehension (Diependaele et al., 2013). When low-frequency targets

were produced disfluently, the target advantage increased more linearly (parameter K ).

In fact, the comparison of the solid and dashed red lines in Figure 4.11 shows a larger

increase in the preference to fixate on low-frequency targets when they were preceded

by a disfluency (solid line), which disappears towards the end of the time window. This

suggests that the presence of a filled pause aided the recognition of low-frequency targets.

The bottom panel of Figure 4.11 depicts the pattern of fixations in the non-

native speaker condition. In this case, we find that the preference to fixate on high-

frequency targets produced fluently (parameters M to O, solid orange line) increased

less linearly and more quadratically than their native counterparts. Visual inspection

of Figure 4.11 suggests that, overall, the recognition of targets produced by the non-

native speaker was characterised by a more quadratic, rather than linear, increase -

possibly as a consequence of attending to non-native-accented speech and subsequent

reduced intelligibility. The preference to fixate on the high-frequency item following a

disfluency increased more linearly than its native counterpart (parameters S to U ). This is

illustrated by comparing the differences between the solid (disfluent) and dashed (fluent)

orange lines in the right and left panels of Figure 4.11. The target advantage for low-

frequency targets produced fluently was characterised by a decreased preference at the

offset (parameter P), followed by a linear increase (parameter Q). The target advantage

for low-frequency targets produced disfluency was characterised by an increase at the

offset (parameter V ), followed by a linear decrease in the target advantage in contrast to

the native counterpart (parameter W ). Visual inspection of Figure 4.11 suggests that the
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presence of a disfluency still increased the preference to fixate on low-frequency targets,

i.e., the difference between the solid and dashed red lines, depicting the preference to

fixate on low-frequency targets in the disfluent and fluent conditions respectively. In

sum, this pattern suggests that disfluencies produced by a non-native speaker led to an

increase in the preference to fixate on the target, regardless of its frequency.

4.3.3 Discussion

Experiment 2 extended Experiment 1 to a sample of non-native listeners who followed

instructions provided by either a native or a non-native speaker who referred fluently

or disfluently to one item out of low- and high-frequency pairs. We failed to find any

anticipatory eye-movements towards low-frequency items upon encountering a native dis-

fluency, while a non-native disfluency led to fewer fixations on the low-frequency target.

Analysis of fixations post-target onset, which we take as reflecting word recognition, sug-

gests that native disfluencies facilitated the recognition of low-frequency targets, while

non-native disfluencies facilitated all targets, regardless of their frequency. However, this

facilitation did not translate into participants’ reaction times, where we only found an

effect of target frequency. These patterns are at odds with those of Watanabe et al.

(2008), who reported an effect of manner of delivery in the identification of harder-to-

name objects in non-native listeners. We divide the discussion of results into those prior

to target onset, reflecting predictive processes, and those after listeners had encountered

phonological information about the target, reflecting word recognition.

In Experiment 2, we failed to find any anticipatory eye-movements towards low-

frequency items in either speaker condition. Following the results of Experiment 1, it

is possible that only non-native disfluencies could yield anticipatory eye-movements to-

wards objects whose labels are low-frequency: Non-native listeners, just like our native

participants, did not have enough evidence about the upcoming filled pause in the native

speaker’s instructions. The lack of expectations towards low-frequency items following a

non-native disfluency (and, in fact, a slight dispreference to fixate on these items) could be
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attributed to a general delay in predictive processing in second language comprehension

(Chun & Kaan, 2019; Dijkgraaf et al., 2019).

Kaan (2014) argued that previously reported differences in prediction between

first- and second-language comprehension can be attributed to disparities between native

and non-native comprehenders with regard to the target language, such as the exposure

to it. In the present study, the property of the targets that was associated with a filled

pause (and that the presence of the latter leads to an anticipation of the former) was

word frequency. It has been shown that the word-frequency effect is larger in non-native

comprehenders due to their reduced exposure to the language (Gollan et al., 2008; see also

Diependaele et al., 2013; Whitford and Titone, 2012). Consequently, the pre-activation

of these words may require more evidence and will be slower, explaining the lack of

anticipatory eye-movements in Experiment 2.

To the best of our knowledge, this is the first experiment directly exploring the

effects of filled pauses on predictive processing in second language comprehension. While

Watanabe et al. (2008) framed their results as reflecting listeners’ anticipations following

how the speaker delivered the instructions (i.e., fluently or disfluently), we refrain from

taking their results as such due to the measurement employed (see Section 3.2). However,

we do take their results as partially demonstrating that non-native listeners’ comprehen-

sion can be guided by manner of delivery: Specifically, comprehension of one’s second

language can be benefited by cues that have been mastered (Clahsen & Felser, 2006;

Futrell & Gibson, 2017). If the disfluency bias is a learnt inference between disfluencies

and trouble in speech production, then it is a transferable cue between languages. In the

case of Watanabe et al. (2008), listeners are aware of the correlations between disfluency

and referring to objects that might lead to filled pauses due to problems at the level of

conceptualising the message (i.e., due to language-extrinsic problems). For example, a

filled pause is likely to precede a harder-to-name object. In contrast, the present study

manipulated a language-intrinsic property: The accessibility of the label to refer to the
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object, as filled pauses are likely to precede low-frequency words (see Corley & Hart-

suiker, 2003, for a similar discussion). Our results suggest that anticipations informed

by (dis)fluency in second-language comprehension may not be as specific as previously

reported for native listeners (Bosker et al., 2014), or may be delayed, potentially sug-

gesting that these latter types of predictions are more heavily tied to listeners’ linguistic

knowledge.

The pattern of fixations on the target once listeners encountered phonological

information shows differences depending on the speaker’s linguistic background. For

the native speaker, we found that disfluencies aided in the recognition of low-frequency

words. In contrast to Experiment 1, the presence of a filled pause led to a preference

to fixate on high-frequency words at the beginning, which then decreased. This pattern

aligns with both the fillers-as-time and the fillers-as-tokens accounts. Firstly, the initial

increase in fixations on high-frequency targets preceded by a filled pause can be taken as

evidence of disfluencies easing word recognition (Corley & Hartsuiker, 2011) and possibly

re-orienting listeners’ attention to the speech signal (Fox Tree, 2002). The fact that the

benefit of disfluency was larger for low-frequency targets can be explained by listeners’

awareness of the correlation between disfluencies and low-frequency words, facilitating

their lexical access. This thus suggests that the disfluency bias towards low-frequency

words in second-language comprehension may arise, but is likely delayed due to non-

natives’ lexical access disadvantage. However, whether this awareness is due to listeners’

learning of the distributional properties of the linguistic input (i.e., following the tokens-

associative account) or their tuning to the speaker’s trouble in production (i.e., following

the tokens-inference account) is unclear.

The effects of non-native disfluencies on word recognition fully align with the

fillers-as-time account. In this case, disfluencies eased the recognition of both low- and

high-frequency targets, suggesting that listeners did not have any expectations about any

specific linguistic unit upon encountering a disfluency (or that there was no benefit of
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encountering an element that is associated with disfluency). Filled pauses may aid second-

language comprehension by virtue of delimiting word boundaries. These properties may

be beneficial when listeners are attending to speech produced in a non-native accent,

which may have reduced intelligibility. For example, non-native listeners are better at

recognising previously heard words when they are produced with a native versus a non-

native accent, although accuracy improves as non-native listeners’ proficiency in the target

language does (Lev-Ari et al., 2017; Weber et al., 2014).

An interesting possibility is that the perception that a non-native speaker strug-

gles with language production may have re-oriented non-native listeners’ attention. Fox

Tree (2002) argues that listeners might attribute a filled pause to problems in speech

production, and subsequently, listeners re-orient their attention to the speech signal. We

previously argued that listeners’ awareness of what may pose trouble in production leads

them to anticipate certain elements over others upon encountering a filled pause (e.g., a

low-frequency word over a high-frequency word), and that when this expectation is not

met (i.e., a filled pause precedes a high-frequency word), there is a prediction cost. Spec-

ulatively, non-native comprehenders’ increased awareness of their interlocutor’s linguistic

background (Rubio-Fernández & Glucksberg, 2012) might have halted all predictive pro-

cesses, or at least those triggered by perceptions of difficulty, because non-native listeners

are more aware of the general difficulties of word-finding in second-language comprehen-

sion (cf. Lev-Ari, 2015, for similar arguments). However, the present study does not allow

us to answer this question and thus leaves the door open to whether the comprehension

of one’s second language produced with disfluencies by a non-native speaker relies on an

inference mechanism.

In fact, previous research has suggested that non-native listeners’ disfluencies can

orient listeners’ attention to the speech signal. Bosker et al. (2015) reported that native

listeners were more accurate at detecting changes in the transcription of a previously

listened recording if the words changed had been accompanied by a disfluency, regardless

of whether it was produced by a native or a non-native speaker. These findings align with
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the idea that disfluencies re-orient listeners’ attention to the speech signal. It is possible

that for disfluencies to benefit the recognition of low-frequency words, listeners need to

have some form of expectation (as in Experiment 1 and the native speaker condition of

Experiment 2). Given that processes underlying second-language comprehension appear

to be delayed when speech is produced by a non-native speaker (e.g., Grey et al., 2019),

the lack of interaction between manner of delivery and target frequency in word recogni-

tion can be putatively put down to a lack of resources to engage in predictive processing

(even in the forms of associations), and non-native listeners’ increased reliance on the

bottom-up signal.

To sum up, the results of Experiment 2 speak to both the fillers-as-time and

the fillers-as-tokens account. We interpret participants’ word recognition as supporting

the idea that the fillers-as-tokens account may scaffold on listeners’ re-oriented attention

to the speech signal. In scenarios where listeners are not in a cognitively demanding

situation (i.e., attending to native-accented speech as opposed to non-native-accented

speech), there can be further effects of disfluency following the fillers-as-tokens view:

Listeners’ word recognition is eased when these words are congruent with manner of

delivery.

Whether this benefit can be accounted for by a tokens-associative or a tokens-

inference account cannot be disentangled by Experiment 2, due to the lack of interaction

between manner of delivery and word frequency in the non-native speaker condition.

However, we proposed that investigating the differences between native and non-native

listeners can shed light on the mechanisms that underlie the disfluency bias. Specifically,

exploring whether participants’ pattern of fixations differs depending on the speaker’s

linguistic background is a first step towards disentangling the tokens-associative and

the tokens-inference account. While both native and non-native listeners might have

experienced a benefit from a disfluency to recognise low-frequency words, this benefit

might have taken different forms between listeners.
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4.4 Comparison across populations

The findings from the identification task suggest that native and non-native listeners

may have perceived fluency differently. To statistically assess whether the findings in

Experiment 1 and Experiment 2 differed, we combined data from Experiment 1 and 2 to

investigate the patterns of results in the prediction and integration time windows.

4.4.1 Eye movements: Prediction Time window

We conducted two linear mixed models for the preference to fixate on the low-frequency

target via empirical logits (Barr, 2008) for fluent and disfluent utterances. As in Ex-

periments 1 and 2, the time window of analysis covered from ‘the’ onset to 200 ms

post-target onset. Both models included a speaker’s linguistic background (native coded

as 0, non-native as 1) and experiment (Experiment 1 coded, i.e., native listeners, coded as

0, Experiment 2 coded as 1), their interaction, a linear and a quadratic time component,

and the interactions with the factors of interest. For ease of convergence, we divided

the linear and quadratic terms by 200. We included random intercepts by-participant,

by-item and by-sentence template. We considered results significant at |t| > 2 (Baayen,

2008). The full depiction of the results of these models can be found in Appendix A,

Section A.3.1.

Analysis of fluent utterances showed that native participants’ fixations showed no

preference towards either item, regardless of the speaker’s background. This pattern did

not differ for participants in Experiment 2. The low-frequency advantage in disfluent

utterances increased linearly for non-native disfluencies in Experiment 1 (β = 0.11, SE

= 0.03, t = 4.22), while in Experiment 2 it decreased (β = -0.18, SE = 0.04, t = -5.12)

4.4.2 Eye movements: Word recognition

To explore whether participants in Experiment 1 and 2 differed in the ease with which

they recognised upcoming elements in speech following a disfluency, we conducted a

linear mixed model for the preference to fixate on the target via empirical logits (Barr,
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2008), where positive values index a preference to fixate on the target, and negative values

reflect a preference to fixate on the distractor. The time window of analysis spanned from

target onset to 760 ms post-target onset, and included fixed effects of speaker’s linguistic

background (native coded as 0, non-native as 1), manner of delivery (fluent coded as 0,

disfluent as 1), frequency (high-frequency coded as 0, low-frequency as 1), experiment

(Experiment 1 coded as 0, Experiment 2 as 1), a linear and a quadratic time component,

the interactions between the variables of interest, and their interactions with the time

components. For ease of convergence, we divided the linear and quadratic terms by 200.

The model included random intercepts by-participant, by-item and by-sentence template.

Due to the model’s complexity, we will focus on the differences between Experiment 1

and 2, but the model’s results are reported in Appendix A, Section A.3.2. We considered

results significant at |t| > 2 (Baayen, 2008).

Starting with those who listened to the native speaker, the model showed that the

growth of the target advantage increased similarly between participants in Experiment 1

and 2 when the target was a high-frequency word produced fluently. The target advantage

for these words when they were produced disfluently showed that while in Experiment

1 the pattern did not differ from the fluent counterpart, the trajectory in Experiment

2 was characterised by a preference to fixate on the target at the offset and a decrease

in the target advantage over time. This aligns with the idea that initially, disfluencies

attracted non-native listeners’ attention, but in the case of disfluencies produced by a

native speaker, the presence of a filled pause impaired the recognition of high-frequency

words. In contrast, the target advantage for low-frequency words was characterised by a

reduced linear increase in Experiment 2, likely reflecting the exacerbated word-frequency

effect in one’s second language (Gollan et al., 2008). However, the linear and quadratic

growth of the target advantage for low-frequency targets produced disfluently followed a

similar pattern in Experiments 1 and 2.

Moving to the target advantage for those listening to the non-native speaker, the

results showed that disfluencies by the non-native speaker led to different trajectories
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in Experiments 1 and 2. In Experiment 1, we find that disfluencies preceding a high-

frequency target led to a linear decrease and a quadratic increase of the target advantage,

while in Experiment 2 the presence of a disfluency led to a linear increase of the target

advantage. For low-frequency targets, the model showed that fluent utterances led to a

linear increase in the target advantage, which differs from the results of Experiment 1.

There was a target advantage at the offset in Experiment 1: for disfluencies preceding

a low-frequency target which did not differ in Experiment 2. The linear increase of the

target advantage did not differ between experiments. Overall, this corroborates the idea

that while disfluencies produced by a native speaker benefited word recognition when

filled pauses were a congruent cue (i.e., they preceded a low-frequency word), disfluencies

produced by a non-native speaker led to different benefits depending on the listeners’

linguistic background: For native listeners, they benefited when they were a congruent

cue, while for non-native listeners, they increased the recognition of words regardless of

their frequency.

4.5 Identification task

One possibility for the results reported here has to do with the auditory stimuli. In studies

that have reported a disfluency bias, the differences between fluent and disfluent auditory

materials commonly go beyond the presence of a filled pause itself: For example, the

prosody of the segment prior to the disfluency differs from its fluent counterpart (Arnold

et al., 2003). In fact, Arnold et al. (2003) posited that the disfluency bias might not be

solely due to the presence (or absence) of a filled pause, but the combination of a series of

factors that make up the perception of disfluency. In a post-experimental identification

task, Bosker et al. (2014) showed a new set of participants the auditory stimuli of the

experiment minus the disfluency (i.e., ‘Click on’) and asked them to categorize segments to

belonging either to a fluent or a disfluent utterance. The authors found that participants

were 50% and 51% (for the native and non-native speaker, respectively) accurate in

identifying disfluent segments as such, suggesting that participants’ ability to detect
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disfluency in their materials was not above chance. Participants’ ability to detect a

disfluent segment, even when they have been explained the manipulation, contrasts with

Bosker et al. (2014) reported pattern of eye movements, where participants were already

looking at the low-frequency item before it was uttered (i.e., while listening to ‘Click

on’). We previously argued that a potential explanation for the lack of anticipatory eye

movements could be put down to the qualities of our auditory stimuli. It could be possible

that a filled pause is the most overt mark of a speaker’s hesitation, but for the disfluency

bias to emerge (at least, prior to encountering the predicted linguistic item), the system

requires more cues associated with disfluency.

In order to explore this possibility, we conducted an online two-choice forced iden-

tification task similar to that of Bosker et al. (2014). In this task, participants were

presented excerpts of our auditory stimuli prior to encountering a filled pause (i.e., ‘Click

on’) and were asked to discriminate each as belonging to a fluent or disfluent utterance.

We tested 100 self-reported native English listeners (50 by speaker condition) and

100 self-reported non-native listeners (50 by speaker condition) from both the University

of Edinburgh student pool and the portal Prolific. All participants gave their informed

consent, as approved by the University of Edinburgh PPLS Ethics Committee (reference

number: 314-2122/2). To ensure that participants were similar to those in Experiments

1 and 2, native English listeners had to be born and raised in the United Kingdom. Non-

native listeners had to report whether English was their first language, and their country

of origin. All participants had to be currently residing in the United Kingdom to take

part in the study. Participants were reimbursed, either with an economic reimbursement

(£1) or with university credit.

We employed the 12 sentence templates of Experiments 1 and 2 (six per manner

of delivery, six per speaker’s linguistic background) as auditory stimuli. We cut the

recordings for both fluent and disfluent utterances to only include “Click on”. Following

Bosker et al.’s (2014) design, we presented each version of the stimuli produced by one



Chapter 4. Disfluency as Difficulty 115

speaker 5 times. Participants only heard the native or the non-native speaker, thus each

session only included 30 items, presented in a random order.

At the beginning of the session, participants were informed about the manipulation

of the audio. They were told they would listen to a previously recorded native or non-

native speaker who produced fluent and disfluent utterances. Participants were explained

that the audio they would listen to was edited, in that we had removed the filled pause,

and that their task was to identify whether the audio belonged to a fluent or a disfluent

utterance. Prior to the task, participants listened to a fluent and a disfluent utterance

produced by the speaker, to ensure that participants knew how (dis)fluency sounded like

in that particular speaker. After the task, participants reported demographic information,

including their country of origin, first language, and self-reported proficiencies in English,

to ensure that they met the participation criteria.

Table 4.10 depicts participants’ accuracy as a function of their linguistic back-

ground, manner of delivery, and speaker condition. The data showed that, in general,

native listeners performed at chance, although they were slightly better at recognising

fluent excerpts as such when they belonged to a native speaker. In contrast, non-native

listeners seemed to have a fluency bias, whereby disfluent excerpts were likely to be

categorised as fluent.

Table 4.10

Mean accuracy of participants’ recognition task by manner of delivery and speaker condi-
tion.

Native speaker Non-native speaker

Native participants

Fluent 65% 54%

Disfluent 52% 41%

Non-native participants

Fluent 68% 66%

Disfluent 42% 34%
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We investigated whether participants had correctly identified whether the stimuli

belonged to a fluent or disfluent utterance in a logistic mixed effects model. We included

speaker’s linguistic background (native coded as 0, non-native as 1), manner of deliv-

ery (fluent coded as 0, disfluent coded as 1), participant’s linguistic background (native

coded as 0, non-native as 1) and their interactions as fixed effects. We included ran-

dom intercepts by-participant and by-audio, and a random slope for manner of delivery

by-participant.

The model showed that native participants were more likely to miscategorise a

disfluent utterance (β = -0.72, SE = 0.20, z = -3.59, p <.001), regardless of the speaker’s

linguistic background (β = 0.28, SE = 0.26, z = 1.06, p = .29). This suggests that

disfluent utterances produced by the native and the non-native speaker were more likely

to be misidentified as fluent. Additionally, the model showed an interaction between

manner of delivery, speaker identity, and listeners’ linguistic background. Specifically,

native participants were more likely to miscategorise fluent utterances produced by the

non-native speaker (β = -0.47, SE = 0.18, z = -2.55, p = .01), suggesting a tendency to

perceive this speaker as disfluent. In contrast, non-native participants were slightly more

likely to miscategorise disfluent recordings of the native-speaker (β = -0.59, SE = 0.26,

z = -3.29, p < .001), suggesting a fluency bias. Overall, this pattern of results that there

may have been a bias towards perceived fluency in the segments prior to the filled pause.

4.6 General Discussion

Disfluencies have been shown to affect language comprehension. For example, upon

encountering a filled pause, comprehenders seem to prefer certain elements over others

(Arnold et al., 2004; Arnold et al., 2007; Bosker et al., 2014; Heller et al., 2015) and

to integrate them more easily (Corley et al., 2007), what we have referred to as the

disfluency bias. Three accounts were put forward to account for this reported bias, based

on three properties of filled pauses, namely (1) the benefits of the addition of time in the

signal (i.e., the fillers-as-time account, Corley & Hartsuiker, 2011), (2) the distributional
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properties of disfluencies (i.e., the token-associative account), and (3) the reasons for a

speaker to be disfluent (i.e., the token-inference account, Arnold et al., 2004).

In this chapter, we argued that exploring this bias cross-linguistically would not

only inform our understanding of second language comprehension in more naturalistic

settings but also shed some light on the mechanisms underlying the disfluency bias.

Watanabe et al. (2008) demonstrated that non-native listeners can anticipate upcoming

elements in the speech signal when a disfluency cues an element that is hard to de-

scribe (i.e., the speaker struggles with conceptualizing speech). In this chapter, we tested

whether the disfluency bias can also lead to expectations about trouble at the formu-

lation stage of speech production and cue elements whose label is less accessible (e.g.,

low-frequency words), and if these anticipatory eye-movements are dependent on individ-

uals’ knowledge of and exposure to a language and their cognitive resources. Therefore,

we replicated and extended Bosker et al.’s (2014) eye-tracking experiments to a sample

of native and non-native English listeners. In the original study, native Dutch listeners

followed instructions provided by either a native or a non-native Dutch speaker regarding

one out of two items that had opposing frequencies (i.e., a high- and a low-frequency

item) on a screen. In their study, participants displayed anticipatory eye movements to-

wards the low-frequency word when the native but not the non-native speaker produced

a filled pause.

In Experiment 1, we replicated Bosker et al. (2014) in a sample of native English

listeners. Contrary to Bosker et al. (2014), we failed to find an effect of filled pauses in

listeners’ fixations towards a low-frequency item for native-accented speech, but instead,

we found anticipatory eye movements for non-native-accented disfluencies. Further, filled

pauses produced by either speaker eased the recognition of low-frequency items, and

arguably impaired the recognition of the high-frequency target. In Experiment 2, we

extended the paradigm to a sample of non-native English listeners. We found no effects of

prediction for either speaker, but the native speaker’s disfluencies aided in the recognition

of the low-frequency item, whilst the non-native’s aided in the recognition of both items.
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A follow-up analysis comparing the results of Experiments 1 and 2 indeed showed that

disfluencies produced by a native speaker led to similar eye-movements patterns in native

and non-native listeners; in contrast, non-native listeners preferred to fixate more on

high-frequency targets when they were produced disfluently by a non-native speaker in

comparison to native listeners. A post-experimental identification task showed that native

and non-native listeners were more likely to take the segment right before a filled pause

as belonging to a fluent instruction for native and non-native speakers, suggesting that

participants in Experiments 1 and 2 did not have evidence of an upcoming disfluency

until they encountered it.

The discussion of this chapter is organised as follows. We will first review the

disfluency bias and the proposed mechanisms, in light of the findings of our two ex-

periments. We will then discuss the findings reported here with regard to the auditory

stimuli employed in this study and in comparison to the qualities of disfluencies employed

in previous studies. We will conclude this chapter by highlighting how future experiments

could address the issues of the ones presented here.

4.6.1 The disfluency bias

At the beginning of this chapter, we put forward three mechanisms that could account

for the effects previously reported of disfluencies in the face of prediction and integra-

tion: the fillers-as-time and the fillers-as-tokens views, with the latter subdivided into

tokens-associative and tokens-inference. We argued that under a fillers-as-time account,

disfluencies should always benefit the comprehension of subsequent items. In contrast,

for the fillers-as-tokens account, the comprehension of upcoming items in speech should

be benefited inasmuch they align with what the system anticipates. Specifically, for the

tokens-associative account, anticipations are made on the basis of comprehenders’ previ-

ous experiences of elements that contextually co-occur with disfluency. For the tokens-

inference account, the disfluency bias is the outcome of reasoning about the presence of

a filled pause. We further argued that while most of the literature suggests that the

presence of a disfluency can lead the system to anticipate elements that co-occur with
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disfluency due to the problems they pose at the conceptualisation level (e.g., harder-to-

name entities), the only evidence for more detailed anticipations (i.e., problems at the

formulation level, e.g., retrieving low-frequency lemmas) is that of Bosker et al. (2014).

The pattern of fixations prior to target onset, reflecting predictive processes, par-

tially aligns with the fillers-as-tokens account. We argued that the lack of effects for

disfluencies produced by a native speaker could be attributable to the characteristics

of our stimuli, which was further corroborated by our identification task (what we will

discuss in Section 4.6.1). The pattern of eye movements of our participants suggests

that non-natives’ disfluencies cued low-frequency items for native listeners, while we did

not find such a pattern in non-native listeners. We take this as potentially reflecting

native listeners’ exposure to non-native-accented speech: While they may still hold the

belief that non-native speakers are more disfluent, their experience with this property

of speech (i.e., an accent), the predictions are still triggered, in line with a large body

of research suggesting that whether individuals predict when attending to non-native-

accented speech is partially influenced by their previous exposure to it (e.g., Porretta et

al., 2017). In the case of non-native listeners, albeit they can be equally exposed to non-

native-accented speech, the combination of a foreign accent with comprehending their

non-native language may have prevented any predictive processing from emerging.

The time course of fixations, once participants had encountered phonological in-

formation about the target, supports an interplay between the fillers-as-time and the

fillers-as-tokens views. Firstly, the results of our experiments do not fully support the

fillers-as-time account as the only mechanism underlying the disfluency bias. Were this

to be the case, disfluency should have aided in the recognition of the target, regardless

of its frequency and the speaker’s linguistic background. Crucially, listeners for whom

comprehension is more difficult, such as non-native listeners, should have benefited more

from the presence of a pause, and the identification of either object should have been

faster (Corley & Hartsuiker, 2011). The fact that, for native disfluencies, item recogni-

tion was impacted by whether the item’s frequency matched manner of delivery, i.e., the
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signal was congruent (e.g., a low-frequency item produced disfluently, a high-frequency

item produced fluently) aligns with the predictions of the fillers-as-tokens account. Non-

native disfluencies aided in the recognition of either item regardless of its frequency for

non-native listeners, what we take as evidence for the fillers-as-time account. However,

it is important to note that for native disfluencies, non-native listeners benefited when

low-frequency words were preceded by a filled pause. This suggests that the different

effects of disfluencies in non-native-accented speech cannot be put down to a lack of asso-

ciation between disfluencies and low-frequency words. This opens the question of whether

increased recognition of either item is solely due to increased attention to the signal.

The results described here also highlight an important point of the conceptuali-

sation of the tokens-associative account: That of the nature of these links. Elsewhere in

the literature, this account has been described as the outcome of learning the distribu-

tional properties of filled pauses. As filled pauses tend to occur with specific items (e.g.,

discourse-new elements, difficult-to-name objects, low-frequency words), they become a

probabilistic cue that guides comprehension (Arnold et al., 2007). This opens up the

question of whether disfluency is linked to several different sets of objects or to a more

general set where all these objects align (namely, difficulty in production). As Arnold et

al. (2007) state, conceptualising an association in such a manner requires considering in

situ what is hard to produce, thus blurring the divide between the tokens-associative and

the tokens-inference accounts.

One likely reason for the tokens-associative account to be conceptualised as such is

because previous studies (1) have only contrasted elements that differed in one property

(e.g., given versus new discourse elements, easy versus hard to name objects, high- versus

low-frequency words) and (2) had visually presented these minimal pairs to participants.

These designs likely give the perception that individuals have associations between dis-

fluency and specific sets of properties. Specifically, without any visual presentation, a

listener can expect any of these sets upon encountering a disfluency. Arnold et al. (2007)
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argue that it is unlikely that listeners generate possible descriptions of objects in situ to

then attribute disfluency and anticipate accordingly.

An alternative possibility is that, in real speech comprehension, disfluency halts

predictive processing - because the filled pause signals difficulty in speech production,

regardless of the reason, and this may entail that what comes is also difficult to compre-

hend - and thus facilitates comprehension by facilitating the integration of what follows

the filled pause. This possibility allows for the tokens-associative account to describe a

link between disfluency and a broad set of difficulties in speech production, as disfluencies

would not trigger any prediction (and thus avoiding the question of what is predicted).

The only study conducted without the presentation of visual stimuli is that of Corley et

al. (2007). In an EEG study, the authors found that unpredictable words were easier

to integrate if they were preceded by a filled pause, as reflected in a decreased N400 in

comparison to the same words when produced fluently. Although due to the nature of

their stimuli statistical comparisons where not possible (because of a lack of an appropri-

ate baseline), visual exploration of their data suggested that predictable words preceded

by a filled pause elicited a negative response compared to their fluent counterparts. This

pattern could be explained by the halting of predictive processes: A predictable word

is harder to integrate because it was not predicted. Due to the experimental design of

Experiments 1 and 2, we cannot argue whether our pattern of results can be explained

by similar mechanisms.

In sum, the results reported here provide partial support for both the fillers-as-

time and the fillers-as-tokens account. Particularly, our findings suggest that one feature

that can give more relevance to the tokens-associative view (in contrast to the tokens-

inference) is listeners’ previous exposure to certain signals, in a way that can override

their beliefs about speakers. However, in cognitively demanding situations or in adverse

listening situations, fillers may just aid the system by segmenting the speech signal.
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Characteristics of the signal

It is important to note that the auditory stimuli of studies where predictive processes

were impacted by filled pauses diverge in substantial ways from ours (cf. discussion of

Experiment 1). The results of the identification experiment partially supports this idea.

Participants in the present experiments, whether native or non-native listeners, may not

have been aware that the native speaker was being disfluent before they encountered the

filled pause itself. Previous experiments have employed disfluencies ranging from 900 ms

(Bosker et al., 2014) to 1.3 s (Arnold et al., 2004), where the segment prior to the filled

pause was characterized by changes in length and prosody prior to the production of the

filled pause (e.g., Arnold et al., 2004; Bosker et al., 2014). In contrast, the filled pauses

in the present study were relatively shorter (see Table 4.1), particularly, for the native

speaker. Further, the characteristics of the disfluent segments were more likely to be

taken as belonging to fluent utterances. In consequence, the availability of information

about the speaker’s hesitation might have been bigger in the non-native speaker condition,

explaining why in this latter case, Experiment 1 did find evidence for a preference towards

the low-frequency item prior to target onset.

This highlights the importance of the prosodic environment in which a disfluency

occurs. In most previous work the stimuli prior to the filled pause differed in terms of

prosody and length from that embedded in fluent utterances. For example, Bosker et

al. (2014) reported that listeners’ fixations on the low-frequency item increased prior to

encountering the filled pause. Notably, in their study, participants had encountered a

lengthened ‘the’ prior to the filled pause, which already can trigger the perception that

the speaker is experiencing trouble in speech production by changing the prosody of the

utterance just before the filled pause. Arnold et al. (2003) proposed that, in fact, the

disfluency bias could be due to something beyond the filled pause itself, e.g., the prosody

of the utterance.

This proposal opens up two venues. Firstly, it is possible that the prosodic infor-

mation listeners encounter before a filled pause impacts how easy it is for them to expect
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a disfluency. Secondly, the effects reported in these studies are not attributed only to a

filled pause itself, but rather, to the perception of (un)confidence on the speaker’s end:

The properties of unconfident voices are akin to the characteristics of utterances that

contain a disfluency. Confident voices are characterised by a faster rate and are lower

in pitch than those perceived as unconfident (Brennan & Williams, 1995) and listeners

identify doubtful voices as soon as 100 ms (Jiang & Pell, 2017, Jiang et al., 2019), and

experience cue conflict when vocal confidence is accompanied with unconfident hedges

(e.g., ‘maybe’, Jiang & Pell, 2017). In fact, there are prosodic contours that also co-occur

with cognitive effort (Goupil et al., 2021). Taking this into consideration entails that a

filled pause is the overt signal of a speaker’s potential difficulties in speech production,

but that the prosody of a disfluent utterance in itself could likewise trigger similar predic-

tions to those attributed to filled pauses. This suggests that a better conceptualization of

the disfluency bias is not rooted in the presence or absence of a filled pause, but rather,

as reflective of listeners’ tracking of the speaker’s confidence, akin to epistemic vigilance

(Sperber et al., 2010). The variability in stimuli employed in experiments exploring the

effects of disfluency in speech comprehension points out that further investigation where

the properties of stimuli are explored is warranted.

4.7 Conclusion

Speech comprehension is scaffolded on comprehenders’ anticipations of what the speaker

would say next. Most research on what guides anticipations has placed a large focus

on the content of speech; in this chapter, we explored the modulation of anticipations

depending on how the speaker talks: Do filled pauses constrain predictions? What are

the likely mechanisms underlying the biases exerted by filled pauses? Across two experi-

ments, we found evidence of filled pauses affecting the recognition of upcoming linguistic

elements, although listeners for whom comprehension is more difficult (i.e., non-native

listeners) did not exhibit a benefit in the same way as native listeners. While our stimuli’s

characteristics prevent us from drawing firm conclusions about the disfluency bias, our
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findings suggest that whether a disfluency exerts an effect on comprehension depends on

listeners’ experience with the characteristics of the signal (e.g., accents). In the case of

non-native comprehenders, disfluencies might be a more difficult cue to guide comprehen-

sion. These results partially support the idea that associations between disfluency and

elements that contextually co-occur with it may drive the effects previously reported,

which is potentially scaffolded by the attention-grabbing effects of disfluencies.

We present these results as a first step towards a more comprehensive understand-

ing of how disfluencies might affect predictive processes underlying speech comprehension.

Future studies should explore what properties of disfluent speech itself can guide listeners’

anticipations (e.g., prosody).



Part II:

Interpretation in speech comprehension



In Part I, we discussed how disfluent speech affects one mechanism put forward

to aid the efficient comprehension of speech: prediction. The results of Experiment 1

and 2 suggest that comprehenders benefit from the presence of a filled pause, particularly

when it appears with elements that contextually co-occur with filled pauses, such as

low-frequency words. However, this benefit depends on the speaker’s and the listener’s

linguistic background: The benefit of a filled pause produced by a non-native speaker

simply aids recognition of the upcoming linguistic item, regardless of its frequency, for

non-native listeners. However, speech comprehension entails more than the processing

of the words uttered: Communication involves interpreting the meaning of what we, as

listeners, are told.

Experience tells us that interpreting an utterance’s meaning may not be as straight-

forward as simply comprehending the actual meaning of a word. Imagine a friend saying

‘Such lovely weather today’ on a summer day when you live in Scotland, i.e., it is likely

to be pouring with rain. Unless it is a rare occasion and the sun is out, it is likely that

you would make the interpretation that the weather is in fact awful and our friend is

frustrated by that: They were being ironic. This difference between what is said and

what is interpreted is an example of a distinction between literal and non-literal mean-

ings. In brief, the literal meaning of an utterance refers to the conventional significance of

words (i.e., their semantics), and thus is bounded. Non-literal meanings, in contrast, are

unbounded: There are many interpretations of the same utterance. They arise from an

interaction between the utterance’s conventional meaning, the listener’s knowledge of a

language and language use, the wider context, and even perhaps the listener’s reasoning

about the utterance. In a sense, non-literal meanings are what could have been meant

but were not said.

Part II explores the non-literal interpretations listeners can derive from an ut-

terance. Specifically, it asks the question: Can disfluent speech yield an interpretation

different from that triggered by fluent speech? If so, what are the factors that can bias

listeners’ interpretations?



Chapter 5

Meaning interpretation in speech

comprehension

Grice (1975) postulated that individuals share a tacit agreement on how communication

ought to be: They have knowledge about the conventions of a conversation and expect

others to adhere to them. This overarching agreement is captured in the Cooperative

Principle: “Make your conversational contribution such as is required, at the stage in

which it occurs, by the accepted purpose or direction of the talk exchange in which you

are engaged” (Grice, 1975, p. 45). When a message fails to adhere to these norms, it

is said to convey an implicature, which listeners interpret via Gricean reasoning. This

inference leads to an enrichment of the utterance’s meaning, possibly by leading the

comprehender to derive a non-literal interpretation. Consider the case of some, with its

literal meaning said to be some-and-possibly-all. When asked by my family how come I

am not done yet with my studies, I may explain that ‘some students submit on time’. As

my family allegedly expects me to be as honest and as informative as I can be (because of

the Cooperative Principle), they would expect me to say that all students submit their

thesis on time if that were the case. Therefore, they very kindly understand that some,

but not all, students submit on time.
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The case of the scalar term some is an example of how speakers’ linguistic choices

influence the meaning that a comprehender interprets. There is now a wealth of research

suggesting that how something is said (i.e., manner of delivery) has consequences for

listeners’ interpretations. Consider these two examples, where the capital letter denotes

emphasis:

(1a) it looks like a ZEbra

(1b) it LOOKS like a zebra

Sentence (1a) places the emphasis on the noun, while in (1b) the emphasis is on

the verb. Kurumada et al. (2012) investigated whether differences in stress placement

would lead listeners to different interpretations of the speaker’s intended referent. In their

study, participants were shown a scene with a set of four potential elements the speaker

could refer to. Crucially, the element the speaker would refer to (i.e., the referent, for

example, a zebra) was similar to another element in the display (i.e., the distractor, e.g.,

an okapi). In sentences like (1a), participants were more likely to click on the target as

the speaker’s intended referent. In contrast, sentences like (1b) were more likely to bias

participants to click on the distractor as they interpret that the speaker meant something

that looks like a zebra, but is not one. In a follow-up Visual World Paradigm (VWP) eye-

tracking experiment, Kurumada et al. (2014) reported that utterances with a prosodic

contour like (1b) were more likely to bias participants’ fixations towards the distractor

before the noun was encountered, suggesting an early constraining effect of prosody in

meaning interpretation. This sensitivity to prosody as a disambiguating factor of speak-

ers’ intended meaning has even been reported when listening to non-words (Hellbern

& Sammler, 2016). Overall, these results suggest that comprehenders’ interpretation of

meaning can be guided by factors beyond what is said, such as prosody.

In Part I, we explored how filled pauses can affect speech comprehension by guiding

listeners’ anticipations of what the speaker might say next. We speculated that these

effects may reflect listeners’ interpretations of perceived difficulty in speech production

on the speaker’s behalf. In Part II, we are interested in whether this perception can affect
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the pragmatic comprehension of a message. To this end, in this chapter we review the

evidence suggesting that, indeed, (dis)fluency can bias listeners’ interpretations, with a

focus on deception - a form of non-literal meaning where monitoring speakers’ mental

states may play a crucial role in its interpretation. To explore how disfluent speech

can give rise to this interpretation, the chapter will consider theories put forward for

how comprehenders interpret an utterance’s meaning. Specifically, we will discuss how

interpretations may be the outcome of considering different factors. In our case, we will

focus on the listeners’ and speakers’ linguistic backgrounds. This discussion will suggest

that individuals’ expectations about a non-native speaker’s speech and the difficulties

associated with second-language comprehension offer a window to explore how disfluent

speech might be taken as deceptive. This will set the scene for Chapter 6, where we will

explore the interpretation of deceit as a function of these two factors in Experiments 3

and 4 respectively.

5.1 Meaning interpretation in spoken language: The

role of manner of delivery as (dis)fluency

Disfluent speech has been shown to impact how a speaker is evaluated. Disfluent speak-

ers are perceived as less intelligent (Christenfeld, 1995), less competent (Norton-Ford &

Hogan, 1980) and less assertive (Schleef, 2019). Brennan and Williams (1995) demon-

strated that filled pauses are taken as indices of speakers’ confidence in their own knowl-

edge. In Experiments 2 and 3, participants listened to previously recorded answers and

non-answers to trivia questions, and were asked to rate how likely they thought the an-

swer was correct (in case of answers) and how likely a given speaker was to recognise

the correct answer to each question (in the case of non-answers), i.e., what the authors

coined as feeling of another’s knowing (FOAK). Answers riddled with disfluencies were

more likely to receive lower FOAK ratings, suggesting that filled pauses were taken as

reflective of speakers’ reduced certainty about their knowledge; in contrast, non-answers

(i.e., I don’t know) were more likely to receive a higher rating if the speaker filled their
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pause, i.e., listeners interpreted that the speaker was sure they did not know the an-

swer. The authors took this as evidence that listeners are sensitive to the surface form

of delivery, and in particular, to the cues displayed by speakers when they do not know

(or cannot remember at the moment of being asked) the answer to a question. In fact,

listeners are attentive to speakers’ displays in both the visual and auditory modalities

(Swerts & Kramer, 2005), and this sensitivity to cues associated with a speaker’s cer-

tainty seems to arise from an early age (Hübscher et al., 2017; Krahmer & Swerts, 2005;

Mori & Pell, 2019). Importantly, Brennan and Williams (1995) demonstrated that lis-

teners’ sensitivity to speakers’ displays of (un)certainty were rather accurate: Listeners’

evaluations were closely associated with speakers’ ratings of their own feeling of knowing

(FOK). This aligns with the idea that speakers may want to display their metacognitive

states via paralinguistic cues such as manner of delivery (Smith & Clark, 1993, cf. Section

2.2.1).

If manner of delivery in the form of fluency is taken as reflective of the speaker’s

mental state, then disfluent speech may impact listeners’ subsequent behaviours. For

example, children prefer to learn new labels from fluent speakers (White et al., 2020, Exp

1., although labels are learnt equally well when they are produced fluently and disfluently,

Exp. 2; see also Libersky et al., 2022). Similarly, Barr (2003) demonstrated that adults’

learning of new labels, as well as object categorisation, was improved when a speaker’s

display of uncertainty was a good indicator of the prototypicality of the item.

A more extreme case would be when the speaker’s perceived metacognitive state

biases listeners’ interpretation of their intended meaning. One example is when a speaker

may want to ‘save face’, i.e., they want to preserve a sense of positive identity and public

self-esteem (Brown & Levinson, 1987). Imagine you find your snack box open and your

flatmate standing next to it with crumbs all over them. If your flatmate were to admit

that they ate all of the crackers, they would lose face (e.g., perceptions of greediness). To

avoid this undesirable outcome, they have at their disposal a set of strategies involving

ambiguous language such as the use of some (Bonnefon & Villejoubert, 2005): Upon being
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asked what happened, they may reply ‘I ate some crackers’, to invoke the ambiguity that

some may entail some, and possibly all (its literal meaning) or some, but not all (its

non-literal meaning). In the face of these speaker strategies, you may be more likely

to interpret some literally (some and in fact all), because admitting that they ate all

the crackers would make them lose face. Bonnefon et al. (2015) found that producing

a silent pause before uttering some increased the likelihood of an interpretation where

the ambiguity helped soften a negative event. In the utterance ‘Some people hated your

idea’, listeners were more likely to take it as ‘All people hated your idea’; in contrast,

‘Some people loved your idea’ was more likely to be interpreted as ‘Not all people loved

your idea’.

Loy et al. (2019) took Bonnefon et al.’s (2015) findings one step further by investi-

gating the online interpretation of some as a function of disfluency. In their eye-tracking

study, participants were first shown a set of snack items (i.e., several plates, each with

seven snacks) to establish the number of snacks that there were available to be eaten.

Participants then heard a speaker refer either fluently or disfluently to the snacks they

had eaten (e.g., ‘I ate uh some cookies’) while looking at a scene where the meaning of

some could be ambiguous (i.e., an empty plate, compatible with some and possibly all,

and a plate with a number of snacks compatible with some but not all, that is, fewer than

seven snacks) or where it could only mean some but not all (i.e., two plates only compat-

ible with some but not all, that is, fewer than seven, but not empty). Participants’ task

was to select the image that best matched the event described by the utterance. Fluent

utterances led to more non-literal interpretations (i.e., in ambiguous scenes, participants

were more likely to click on the plate with a few snacks); in contrast, disfluent utterances

yielded more clicks on the plate conveying some and possibly all (i.e., the empty plate).

This click distribution suggests that disfluencies were taken as indices of the speaker’s

attempt to save face. In fact, the presence of the disfluency constrained the utterance’s

interpretation very quickly: Participants fixated on the corresponding plate shortly after

encountering some.
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This line of research suggests that disfluency is a cue that listeners can take into

consideration when interpreting the meaning of an utterance. Across the board, the

results map onto an idea where disfluencies may signal a speaker’s difficulty in production,

which in turn is interpreted by listeners as evidence of limited knowledge (Brennan &

Williams, 1995), or even as concealment of the truth. In the next section, we turn to the

most blatant case of a speaker hiding their knowledge: deception.

5.1.1 The case of deception

Deception involves the intention of making the interlocutor believe something known to

be false by the speaker (Hala et al., 1991). On the listener’s end, interpreting deceit and

accurately interpreting a message’s meaning involves recognising speakers’ intentions,

including reasoning about whether the speaker is being cooperative, their goals, and the

conversational context (Franke et al., 2012) and then re-adjusting to negate the literal

meaning of the sentence.

Detecting deception is a challenging task. Firstly, because listeners tend to believe

speakers (Vrij & Baxter, 1999). Meta-analyses of individuals’ reported abilities to accu-

rately detect when they are being deceived demonstrate performance only slightly better

than chance (Bond & DePaulo, 2006), with individual studies reporting accuracy rates

between 40% and 60% (DePaulo & Pfeifer, 1986; Kraut, 1980; Vrij et al., 2000). Indeed,

even individuals whose profession involves some form of deception detection (e.g., police

officers) are no better than unskilled individuals (Vrij, 2004). These findings may par-

tially reflect individuals’ truth heuristic, whereby they tend to interpret information as

truthful following the Cooperative Principle (Grice, 1975). Further, the lack of increased

accuracy for those said to receive appropriate training may be due to the instructions

they are given (Colwell et al., 2006; Frank & Feeley, 2003). Most training programmes

designed to improve accuracy in deception detection assume that there is a set of be-

haviours (verbal and nonverbal) that liars exhibit and that individuals can learn and

subsequently look for. However, some of the behaviours said to be signals of deception
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have been shown to have a low correspondence to the behaviours liars actually display

(DePaulo, Lindsay, et al., 2003).

Although it is hard to find reliable indicators of deception, this thesis relies on a

perhaps surprising corollary: Listeners are remarkably consistent in the cues they asso-

ciate with deception, whether or not those cues facilitate accurate detection. Among the

common elements consistently reported to trigger interpretations of deceit are disfluen-

cies. For example, disfluent speakers are rated as less honest (Fox Tree, 2002). Indeed,

filled pauses are amongst the elements that individuals commonly reported as evidence

of speakers being deceptive (Arciuli et al., 2010).

Disfluency has been shown to constrain interpretations of deceit shortly after it

is encountered. Loy et al. (2017) explored the time course of the interpretation of de-

ceit triggered by filled pauses in two Visual World Paradigm eye-tracking experiments.

Participants were confronted with a potentially deceptive speaker who referred, either

fluently or disfluently, to the location of a treasure as one image (out of two) on a screen.

Participants’ task was to select the object they believed actually concealed the treasure.

Disfluent utterances were more likely to be interpreted as deceptive, as reflected in par-

ticipants’ preference to click on the unmentioned item, regardless of whether the filled

pause was utterance-initial (Exp. 1) or utterance-medial (Exp. 2). Crucially, partici-

pants’ fixations were biased towards unmentioned elements following a disfluency shortly

after the target was produced, suggesting that disfluency constrained the interpretation

of an utterance in the early stages of comprehension. Follow-up studies have consistently

replicated this finding (King et al., 2018, Li et al., 2022), supporting the idea that the

interpretation of disfluent speech seems to reflect a form of social reasoning. For example,

King et al. (2018) reported a delay in listeners’ fixations towards the unmentioned element

(i.e., reflecting an interpretation of deceit) when there was an alternative explanation for

the speaker to produce a filled pause (e.g., a car horn). Likewise, individual differences in

theory of mind seem to impact the emergence of the interpretation of deceit, with those

who score higher in the Autistic Spectrum Quotient (i.e., individuals with more traits
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associated with autism) showing a delay in their fixations towards unmentioned elements

following a disfluency (Li et al., 2022).

One naturally arising question is whether this social reasoning occurs every time

a listener encounters a disfluency or if it reflects a heuristic. The former mechanism

entails a slow and cognitively-demanding process, specific to each instance when a filled

pause is encountered. The latter represents a faster and relatively cost-free mechanism

that is applied indiscriminately (i.e., context insensitive). To understand how this bias in

the interpretation of deceit operates, we review the accounts put forward to explain how

comprehenders interpret meaning. Although these accounts are not typically applied to

deception as a form of non-literal meaning, and have not been developed for disfluency,

they propose specific properties for the emergence of non-literal meaning that may guide

our understanding. In particular, they highlight how different factors can modulate what

comprehenders interpret: For example, comprehenders may weigh different cues avail-

able in a conversation to interpret a speaker’s intended meaning. Specifically, we will

review how differences in speakers’ linguistic backgrounds can lead listeners to interpret

a message differently, arguably due to stereotypes about speakers’ abilities to produce

speech. Given that interpreting a message is the outcome of the consideration of different

cues, we will review how differences in listeners’ linguistic backgrounds may lead them

to consider different cues. Overall, this discussion will yield contrasting predictions for

the emergence of the interpretation of deceit, and importantly, it predicts different time

courses when additional factors are included in the communicative context.

5.2 Accounts of meaning interpretation in language com-

prehension

One way in which we can approach how meanings are interpreted is by assuming that there

is a meaning that takes precedence. The standard pragmatic model (Grice, 1975) posits

that comprehenders first interpret the literal meaning of a sentence. If the comprehender

recognises that there is a violation of a Gricean maxim, they compute the non-literal
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meaning. Consequently, non-literal meaning arises as a secondary step in comprehension.

In this sense, pragmatic meanings occur in a secondary step. In sharp contrast, some

authors have proposed that non-literal meanings are immediately available for compre-

henders i.e., there is only one step. Each approach makes contrasting predictions about

the emergence and costs associated with inferring meaning: Specifically, two-step models

expect non-literal meanings to arise later and to be costly, while one-step models predict

that non-literal meanings can arise as quickly as literal ones, without necessarily incurring

cognitive costs.

There is experimental evidence supporting both approaches. Bott and Noveck

(2004) had participants rate sentences’ felicity. In sentences like ‘Some elephants are

mammals’, a non-literal interpretation (i.e., some but not all) is false, while its literal

interpretation is true (because all elephants are mammals). In line with the standard

pragmatic model account, the authors found that accurately responding to sentences

whose non-literal meaning was false led to longer reaction times. This delay, compared to

those sentences where the literal meaning was sufficient to respond accurately, is taken to

be reflective of the additional computation associated with processing non-literal meaning

(see also Bott et al., 2012; Tomlinson et al., 2013).

It is important to note that these studies confounded non-literal meanings with

violations of world knowledge: The delays and costs found could instead mirror partici-

pants’ understanding that the non-literal meaning does not match their knowledge about

the world, and thus they take longer to respond to these sentences. Nonetheless, in sce-

narios where the interpretation of some is not confounded with world knowledge, listeners

still take longer to respond when an appropriate response involves a non-literal meaning.

In a series of eye-tracking experiments, Huang and Snedeker (2009) had participants se-

lect, from a set, the scene that best match a description. For example, for the utterance

‘Point to the girl that has some of the socks’, participants saw a display with a girl that

had two out of four socks (and thus matched both a literal and a non-literal interpretation

of some) and a girl with three of three socks (and thus matched the literal interpretation
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of some). Until participants encountered the noun (i.e., socks), the appropriate scene

was ambiguous in that either girl could be the referent: Disambiguation depended on

how the listeners interpreted some. Huang and Snedeker (2009) found listeners showed

delays in choosing scenes representing a non-literal interpretation of some when a literal

(all) scene was also available.

The evidence supporting the standard pragmatic model falls short to explain the

effects reported by Loy et al. (2017, see also King et al, 2018; Li et al., 2022). Bott and

Noveck’s (2004) and Huang and Snedeker’s (2009) findings would predict that the inter-

pretation of deceit should be costly following a disfluency. In Loy et al.’s (2017) measures,

this should be reflected in participants’ delayed preference to fixate on the unnamed ob-

ject as the location of the treasure - a more fine-grained measure than reaction times.

However, the authors reported that participants’ time course of eye movements were bi-

ased towards the element on screen that reflects an interpretation of deceit shortly after

encountering a disfluency - specifically, visual inspection suggests that this bias emerged

400 ms post-noun onset. The speed with which the constraining effect of disfluency

emerged runs against the predictions of the standard pragmatic model.

In contrast, Grodner et al.’s (2010) findings support a one-step model of deriving

pragmatic meaning. In a VWP study, participants were first introduced to the total

number of available objects (e.g., four balloons, four balls, four planets). Participants

were then presented a visual display depicting six figures, three males and three females:

Per gender, each character could have all the tokens of an object (e.g., all the balloons),

another could have a subset (e.g., two out of four balloons), and another had no items.

Participants were asked to click on the appropriate referent following the instructions,

which could direct them to click on a character summa (replacing some of ), alla (replacing

all), or nunna (replacing none). Upon encountering summa, participants fixated shortly

after on the character representing a some but not all interpretation. The speed with

which non-literal meaning emerged in Grodner et al. (2010) parallels that reported by
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Loy et al. (2017), supporting the idea that non-literal meanings can be quickly computed,

without the necessity of deriving the literal meaning first, in line with one-step models.

In line with one-step models, the speed with which a meaning is derived is sensitive

to the factors present that support either. Breheny et al. (2006) manipulated the salience

of either meaning of some. For example, when the sentence ‘John replied that he intended

to host some of his relatives’ is used as an explanation as to why John is cleaning his

apartment, the non-literal meaning of some is enough to form an informative argument:

Only one guest is needed for someone to decide to clean. In contrast, when John says

the same sentence as a reply to a question about whether he intends to host all of his

relatives in his apartment, some and possible all is also a possibility. Breheny et al. (2006)

found that contexts where the interpretation of some but not all was informative (‘host

all?’), participants were faster at computing the non-literal interpretation. Conversely,

in scenarios where some and possibly all was more informative (reason for cleaning),

interpreting some literally was faster.

The notion that context, and in particular, the cues available in context to support

an interpretation, can explain what meaning is interpreted first is best exemplified by

constraint-based models (Degen & Tanenhaus, 2015, 2019). In this account, a context

provides a certain set of factors that are considered when interpreting meaning. Each

factor receives a different weight as a function of its relevance and usefulness in context.

As a consequence, the probability of a particular interpretation arising, as well as the

speed with which it is computed, are dependent on the support from the multiple cues

that are considered. Constraint-based models predict that costs associated with meaning

interpretation are not dependent on what meaning is interpreted. Rather, costs arise in

situations of cue conflict, or for scenarios of unbounded inferences (Degen & Tanenhaus,

2019). In this way, constraint-based models offer an elegant solution to how both literal

and non-literal meanings can be computed, although identifying the constraints that are

involved in meaning interpretation is one of the challenges of constraint-based models

(cf. Degen & Tanenhaus, 2019). There is now an incipient body of research exploring
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different factors that can bias what meaning is interpreted, ranging from the salience

of the alternative meaning (Bott & Frisson, 2022) and its relevance to the discourse

(Politzer-Ahles & Fiorentino, 2013), to the role of task instructions (Degen & Goodman,

2014).

Thus far, we have paralleled interpreting deception with quantity implicature (i.e.,

interpreting some). It is worth noting that, as discussed in section 5.1.1, interpreting

deceit is a special case because the interpreted meaning is the opposite of what the

speaker says and thus requires recognising the speaker’s deceitful intentions, which are

not intentionally communicated. This differs from scenarios where interpretation meaning

requires disambiguating between two options (e.g., the literal and non-literal meanings

of some) and, specifically, scenarios where speakers’ intended meaning is communicated.

However, the literature reviewed can serve as an anchor for us to understand whether and

how deceit is interpreted. Specifically, Loy et al.’s (2017) findings align with a large body

of research suggesting that non-literal meanings are rapidly computed, and in particular,

that manner of delivery (in the form of disfluency) can be easily integrated to infer a

speaker’s intentions.

In the case of interpreting deceit, we have only considered one source of informa-

tion: disfluency. However, understanding language usually requires combining different

sources of information. A constraint-based model can also shed light on studies explor-

ing the combination of disfluency with additional sources of information. In King et al.

(2018), the presence of an alternative cause for a speaker to be disfluent (i.e., a car horn)

led to a delay in the emergence of the interpretation of deceit, as reflected in partici-

pants’ fixations. This aligns with findings suggesting that linguistic elements (or choices)

are contrasted against other cues to interpret meaning, including speaker identity. For

example, Bergen and Grodner (2012) reported that the perceived knowledgeability of a

given speaker impacted the interpretation of some. Specifically, a knowledgeable speaker

uttering some, when expected to say all (because they arguably know), was harder for

listeners to process. Further studies have shown that other properties of the speaker, such
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as their perceived reliability (Grodner & Sevidy, 2011) or their particular uses of language

(Kurumada et al., 2014a; Yildirim et al., 2016), can affect meaning interpretation.

Across the board, this review suggests that interpreting pragmatic meanings is

neither necessarily costly nor relegated to a second step. We have discussed how Loy

et al.’s (2017) findings align with a broader body of research suggesting that contextual

cues can be rapidly integrated to constrain meaning. However, few studies have explored

how different sources of information can interact to interpret meaning. Constraint-based

models make an interesting prediction regarding the combination of different cues: In

scenarios involving cognitive costs, cue conflict may yield processing difficulty that leads

to more interpretations of the meaning supported by the context (Degen & Tanenhaus,

2019). Therefore, one way of exploring what underlies the biases in interpretation exerted

by disfluent speech is to investigate the effects that speaker and listener attributes may

have.

5.2.1 Speaker’s linguistic background: Non-native speakers

In Section 3.2.1, we discussed how speaker identity in terms of linguistic background (i.e.,

native versus non-native) can have consequences for how speech is processed. Specifically,

we reviewed Lev-Ari’s (2015) proposal that non-native speakers are stereotyped as having

lower linguistic competence, and thus listeners have certain expectations of how these

speakers will use language. This a priori attitude was put forward as an explanation of a

wealth of research suggesting shallower processing of non-native-accented speech by native

comprehenders (e.g., less syntactic revision, Hanulíková et al., 2012; more acceptability

of ungrammatical sentences, Brehm et al., 2019; Gibson et al., 2017).

The perceived lower competence of non-native speakers may map onto a perception

of unreliability, which has been shown to affect how comprehenders interpret speech. In

line with this hypothesis, Caffarra et al. (2018) investigated the perception of ironic

statements depending on the speaker’s linguistic background. Arguably, different types

of irony require more or less linguistic competence: Ironic criticism (e.g., ‘You’re such a
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great chef ’ after an individual has burnt a meal) is a much more common construction

than ironic praise (‘You’re such a horrible chef ’ after an individual has won a Michelin

star). Consequently, the former form of irony requires less linguistic competence than

the latter, as it is more frequent and easier to learn. While ironic criticism was perceived

similarly when produced in a native or a non-native accent, ironic praise produced by

a non-native speaker was rated as less ironic than its native counterpart (see also Bazzi

et al., 2022, for similar findings).

The stereotype of non-native speakers as less skilled can also explain the differences

in the interpretation of underinformative sentences. Fairchild et al. (2020) presented

participants with a written story where the main character, who could be a native or a

non-native speaker, failed to give all the information to another character. Participants

were then asked to say why they believed the speaker did not provide all the information.

Native speakers who provided less information than necessary were more likely to be

rated as unwilling to share the information. The same pragmatic failure by a non-native

speaker, however, was taken as a sign of inability to produce the necessary information

(Exp. 1), even when participants are not explicitly informed that the non-native speaker

could experience language difficulties (Exp. 2). Further, this ‘forgiveness’ for underin-

formative statements had consequences for participants’ subsequent behaviours: They

were more likely to learn new information from a previously encountered underinforma-

tive non-native speaker than from a native speaker (Exp. 3 and 4). Similarly, written

underinformative statements are more likely to be accepted and rated as trustworthy

when reported to have been produced by a non-native speaker (Lorenzoni et al., 2022).

As the experimental stimuli in these studies were written materials, these findings can-

not be attributed to shallower processing of non-natives’ statements due to difficulties in

non-native-accented speech comprehension (e.g., Bent & Bradlow, 2003; Munro & Der-

wing, 1995), and in fact, similar findings are reported when using auditory stimuli (Ip &

Papafragou, 2022). These results have been interpreted as showing how social expecta-

tions about non-native speakers’ linguistic abilities can affect sentence interpretation and

subsequently impact comprehenders’ behaviours (Fairchild & Papafragou, 2018).
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These findings support the hypothesis that speaker identity as conceptualised in

their linguistic background is a constraint that can guide meaning interpretation. The

evidence reviewed here suggests that a stereotype about non-natives’ reduced linguistic

abilities modulates the interpretations drawn for their speech. A perception of reduced

linguistic competence might encompass how capable non-native speakers are of producing

speech fluently, so that their speech is stereotyped to contain more filled pauses. If this

is the case, then this perception is a potential factor that could interact with manner of

delivery and subsequently yield different interpretations of disfluent speech: Specifically,

listeners may be more lenient with disfluent non-native speakers and thus be less likely

to take their filled pauses as indicators of deceit.

5.2.2 Listener’s linguistic background: Non-native comprehen-

ders

In Section 3.2.2, we saw how second-language comprehension may differ from first-

language comprehension in terms of predictive processing. Specifically, we argued that

previously found differences in speech comprehension are not due to divergent mecha-

nisms; instead, they arise as a consequence of particular characteristics of non-native

comprehenders that tap into factors that can affect predictive processing in general (e.g.,

experience with and exposure to the target language, cognitive load; see Kaan, 2014).

Meaning interpretation is also said to tap into factors such as theory of mind, working

memory (Fairchild & Papafragou, 2021), and individuals’ ability to handle cognitive load

(De Neys & Schaeken, 2007) - characteristics said to differ between native and non-native

comprehenders. For example, non-natives are said to have higher theory of mind abilities

(Schroeder, 2018; yet cf. Feng et al., 2023), to be more socially aware of their interlocu-

tor (Fernández-Rubio & Glucksberg, 2012) and to display higher executive functioning

(Bialystok, 2015; Wu & Thierry, 2013; yet cf. Grundy, 2020). Likewise, second-language

comprehension is likely to impose a cognitive load on individuals (Ito & Pickering, 2021).

Under a constraint-based account, meaning interpretation in second-language compre-

hension may thus differ from that of first-language comprehension since these properties
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impact the cues considered to interpret meaning, as well as the weight given to each of

them.

One way in which non-native comprehenders may differ in how they interpret

meaning is whether they show a preference for interpreting either literal or non-literal

meanings. Research exploring the interpretation of some has reported conflicting results:

While some authors have reported that non-native comprehenders are more likely to

interpret some non-literally (Lin, 2016, Slabakova, 2010), other studies have found no

differences in how it is interpreted between native and non-native comprehenders (An-

toniou et al., 2018; Dupuy et al., 2019; Snape & Hosoi, 2018). Mazzaggio et al. (2021)

argued that the differences between these studies may lie in participants’ experienced

cognitive load: Slabakova’s (2010) participants were immersed in the country of their

second language, which may have decreased their experience of cognitive load. To coun-

teract this, Mazzaggio et al. (2021) tested the interpretation of some in underinformative

statements in a sample of non-native English and Spanish (L1: Italian) listeners, who

were residing in the country of their native language (Italy). Additionally, the authors

increased task demands by imposing a time limit, to ensure that participants were in

a cognitively demanding scenario. Across two experiments, the authors reported that

non-native listeners were more likely to interpret some literally as they were more likely

to accept underinformative statements.

Schulz (2021) points out the fact that the difference between studies that found

an effect of listeners’ non-nativeness (regardless of the direction) and those that did not

is the presence of visual context. The former experiments employed visual contexts,

while the latter did not. It is possible that this factor can partially account for the

contrasting findings. Additionally, stimuli in both Slabakova (2010) and Mazzaggio et

al. (2021) employed sentences that also violated world knowledge, while Snape and

Hosoi (2018), Antoniou et al. (2018) and Dupuy et al. (2019) used stimuli in which

underinformativeness referred to a context set by the experiment (e.g., how many cars

are hidden in a visual scene, Dupuy et al., 2019). Therefore, a priori differences may
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have more likely been attributed to processing costs associated with violations of world

knowledge in second-language comprehension (cf. Foucart et al., 2016; Romero-Rivas,

2017). In contrast, studies investigating other kinds of non-literal meanings such as irony

have found that native and non-native comprehenders interpret meaning similarly, and

at similar speeds (Bromberek-Dyzman et al., 2021, Tiv et al., 2021).

Another manner in which second-language comprehension can yield different in-

terpretations from first-language comprehension is in what cues are considered, as well as

the probabilities attached to them. Indeed, an interesting proposal of constraint-based

models is the possibility that a factor can be assigned different weights, which may be

comprehender-specific. The associated cognitive costs to second-language comprehension

may influence comprehenders’ strategy (Clahsen & Felser, 2006) so that their processing

is guided by cues that do not impose an additional cost (Futrell & Gibson, 2017).

Starr and Cho (2022) investigated how the Question Under Discussion (QUD)

affected the interpretation of some in native and non-native comprehenders. In an ac-

ceptability judgement task, where participants had to evaluate the answer to a question

given a scene, native comprehenders’ judgements depended on how the question was for-

mulated: The use of some for questions including all when all targets met a condition

led to lower acceptability ratings than when the question included any. In contrast,

non-native speakers did not show any effects of QUD. One potential explanation for this

is that non-native comprehenders do not show the same degree of sensitivity to struc-

tural factors (e.g., differences in how the QUD was posed). In contrast, factors that

are well-mastered and language-independent, such as speaker identity, seem to constrain

interpretations alike in native and non-native comprehenders. Zhang and Wu (2022)

followed Bergen and Grodner’s (2012) study where participants read narratives that set

expectations about the speaker’s knowledgeability. The authors found that native and

non-native speakers behaved similarly, depending on the speaker’s ascribed knowledge in

how they interpreted some. This aligns with findings whereby non-native listeners display
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earlier responses than native listeners to utterances where the content mismatches the

speaker’s stereotypes (Foucart et al., 2015).

The research reviewed here suggests that non-literal interpretation in second-

language comprehension may differ as a function of what cues are preferred by these

listeners, following a constraint-based account. Specifically, they may have a preference to

interpret meaning following cues that they have already mastered (e.g., speaker identity),

arguably to compensate for the cognitive costs associated with second-language compre-

hension. In the case of deception, the evidence presented here suggests that non-native

listeners are likely to develop interpretations in a fashion similar to natives as disfluency

is arguably a contextual cue. However, the fact that they are more interlocutor-oriented

may entail that in the presence of alternative reasons for the speaker to be disfluent (e.g.,

a non-native speaker), the consideration of these two cues (disfluency and speaker iden-

tity) not only may lead to a delay in the emergence of the interpretation, but also they

may be more likely to prompt a consideration of the speaker’s identity.

5.3 Conclusion and Chapter aims

In this chapter, we have discussed how disfluent speech may not only affect predictive

processing but also the interpretations that listeners derive from an utterance. There

is evidence suggesting that the presence of a filled pause leads comprehenders to derive

different interpretations than those that arise for fluent speech: For example, a disfluent

utterance is more likely to be taken as evidence of the speaker’s attempt to save face (Loy

et al., 2019) or as the speaker’s attempt to deceive (Loy et al., 2017; King et al., 2018;

Li et al., 2022).

In this thesis, we have taken the interpretation of deceit following disfluent speech

as a test bed to investigate how disfluent speech is interpreted. The evidence thus far

suggests that it can be explained by listeners’ social reasoning about the causes for the

speaker to be disfluent. In the face of potential deceit, listeners attribute the disflu-

ency to the cognitive costs associated with producing a lie. The speed with which these



Chapter 5. Meaning interpretation in speech comprehension 145

effects emerge supports accounts where non-literal meaning is readily available for com-

prehenders as a function of the context, such as constraint-based models. As a speaker’s

perceived intention is a possible constraining cue (Degen & Tanenhaus, 2019), it can

interact with the presence of a disfluency to yield an interpretation of deceit - suggesting

that this interpretation reflects social reasoning on the listeners’ end.

One interesting property of constraint-based models is their probabilistic stance

on meaning interpretation. In this chapter, we have reviewed two potential factors that

can impact the interpretation listeners derive: The speaker’s and the listener’s identity

as a function of their linguistic background. This review showed that comprehenders

interpret speech produced by a second-language speaker differently, and commonly under

the light of a stereotype where these speakers are believed to be less competent. We also

discussed how non-native comprehenders seem to weigh factors differently, depending on

their dexterity with specific cues in their second language.

Understanding the interpretation of disfluent speech as deceitful under a constraint-

based model offers a window to explore how it occurs. If listeners take into consideration

relevant cues to interpret meaning, then the perception of a speaker who may produce

more disfluencies by virtue of who they are (i.e., a non-native speaker) may interact with

the interpretation of deceit. The presence of conflicting cues (i.e., speaker identity, disflu-

ency) may have an effect on how listeners who are in a cognitively demanding situation

(i.e., non-native listeners) interpret disfluent speech. Exploring these parameters is par-

ticularly relevant because the social reasoning account for this interpretation relies on a

form of mentalising (Goodman & Stuhmüller, 2013) that is bounded by the conversa-

tional context in the experiments described (i.e., the expectation that the speaker may

lie at some point, in Loy et al., 2017).

In Chapter 6, we explore how disfluent speech can be interpreted as deceiving

when there are multiple sources of information. Chapter 6 describes two eye-tracking
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experiments set up following Loy et al. (2017), where non-native speaker identity and non-

native language comprehension were used to investigate the flexibility of the interpretation

of disfluent speech as deceitful.



Chapter 6

Disfluency as Deception

Not every word we utter is truthful. In fact, most people admit to lying more than

once a day (Serota et al., 2010; Serota & Levine, 2014). As we discussed in Section

5.1.1, comprehenders are not particularly good at detecting deceit (Bond & DePaulo,

2006). Their no-better-than-chance ability to distinguish the truth from deception can

be partially explained by pre-determined biases: For example, listeners tend to assume

that their interlocutor is truthful (Grice, 1975; Vrij et al., 2000), while at the same time,

they hold mistaken beliefs about what deception sounds and looks like (DePaulo & Pfeifer,

1986; Henningsen et al., 2005; Nahari & Ben-Shakhar, 2013; Zuckerman, Koestner, et al.,

1981). One relevant feature ascribed to deceptive behaviour that can decrease listeners’

accuracy in identifying deception is the stereotype of deception leading to ‘flawed speech’,

what we will refer to as the disfluency-as-deception bias. Liars are expected to use filled

pauses such as uh, stutter more, and produce longer pauses (Global Deception Research

Team, 2016), although, in actuality, this feature is not strongly associated with deceit

(DePaulo, Lindsay, et al., 2003; Loy et al., 2018; Sporer & Schwandt, 2006).

In scenarios where deceit is expected, there are two ways in which cues might trig-

ger inferences of deception. On the one hand, the presence of a cue such as a filled pause

could immediately trigger an interpretation of deceit: For example, if a speaker hesitates,

a listener may just rely on a stereotype whereby liars are disfluent and interpret that
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the speaker is lying. We will refer to this as an associative account. On the other hand,

because the interpretation of a speaker’s intention requires social reasoning, the presence

of a cue might be compared against listeners’ expectations, and lead them to reason

about the presence of said cue. In the case of disfluencies, a listener might believe that

disfluency is the outcome of language production under cognitive load, and if the speaker

is experiencing trouble in speech production, then a possible explanation is that they are

trying to be deceptive. We will refer to this as an inference account. Importantly, these

two accounts have consequences regarding the emergence of the disfluency-as-deception

bias across contexts.

In this chapter, these two accounts are explored in two eye-tracking experiments,

in which speakers name treasure locations, possibly deceptively and possibly disfluently.

Each of them exploits a difference in the two accounts that should yield different time

courses; namely, the flexibility of the disfluency-as-deception bias (Exp. 3) and the cogni-

tive costs associated with its emergence (Exp. 4). In Experiment 3, we will test whether

the disfluency-as-deception bias is flexible by manipulating the speaker’s linguistic back-

ground (i.e., whether they are producing speech in their first or second language). In

Experiment 4, we will test whether the disfluency-as-deception bias is a cognitively costly

interpretation by testing participants who are comprehending speech in their second lan-

guage and thus are expected to be in a cognitively demanding task (Segalowitz & Hulstijn,

2005). Across the board, these studies will show that in situations where deceit is ex-

pected, interpretations of deceit in the presence of disfluency are pervasive - even in the

face of alternative reasons for its occurrence and increasing task demands, in line with

an associative account. It is important to note that in the experiments presented here,

participants are not only forewarned that the speaker will be deceitful, but they expect

them to do so at least half of the time, and thus this expectation might have influenced

how they relied on the cues available to inform their decisions.

The structure of this chapter is as follows. In the first section, we will review the

evidence for the disfluency-as-deception bias. Of particular interest is its time course:
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When do listeners integrate an interpretation of deceit in the face of disfluency? From

there, we will discuss how an associative and an inferential account can account for the

disfluency-as-deception bias and discuss how these two accounts differ in terms of the

flexibility of the bias, and present Experiment 3. From these findings, we will discuss

a second factor in the bias: that of cognitive resources, and present Experiment 4. To

further explore the disfluency-as-deception bias, we will compare the results of these two

experiments as well as present an exploratory analysis of the precise time course of the

bias.

6.1 The disfluency-as-deception bias

The evidence that filled pauses can bias listeners to believe the speaker is being deceptive

can be found throughout the literature (cf. Section 5.1.1). Most of these studies involve

asking comprehenders to rate a speaker’s honesty or deceit after listening to pre-recorded

audio. Fox Tree (2002) reported that recordings of disfluent speakers were rated as less

reflective of what the speaker truly thought. Research done on deceit interpretation and

detection shows that filled pauses have been consistently reported as the elements that

bias individuals towards interpretations of deceit (Arciuli et al., 2010), which is partic-

ularly salient when listeners expect deceit (Akehurst et al., 1996; Sporer & Schwandt,

2006; Zuckerman, Koestner, et al., 1981).

A growing body of research is turning its attention to the real-time emergence

of interpretations triggered by filled pauses. Notably, Loy et al. (2017) explored the

real-time processing of disfluent speech when it is interpreted as deceitful. In their eye-

tracking study, participants were instructed to select one out of two items depicted on a

screen as the location of some hidden treasure. Importantly, the only information partici-

pants had to inform their decision came from a potentially deceitful speaker who referred

either fluently or disfluently to one of the two items as the location of said treasure.

Upon encountering a disfluent utterance, participants were less likely to select the named

location as the actual location of the treasure, regardless of whether the disfluency was
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utterance-initial (e.g., Uh, the treasure is behind the [item], Exp. 1) or utterance-medial

(e.g., The treasure is behind thee uh [item], Exp. 2). Eye-movement analyses showed

that, compared to fluent instructions, disfluent ones were promptly followed by fewer

fixations to the named location. The fact that the effect was closely time-locked to the

disfluency suggests that it was that specific aspect of the speech which caused listeners to

doubt the speaker’s truthfulness, rather than a more general difficulty in understanding

disfluent speech.

6.1.1 Deception bias as an association

One explanation for the effects of manner of delivery relies on the fast application of

associations. In Section 3.1.1, we discussed that when predicting upcoming linguistic

units, the presence of a filled pause constrains the set of expectations for upcoming

elements in the linguistic signal: Shortly after encountering a filled pause in speech,

listeners display anticipatory eye movements towards harder-to-name objects (Arnold et

al., 2007), discourse-new entities (Arnold et al., 2004), and low-frequency items (Bosker

et al., 2014). Under an associative account, these biases are explained as the outcome

of individuals’ learning of what co-occurs with disfluency (e.g., harder-to-name objects,

discourse-new entities, low-frequency words) via exposure to the distributional pattern of

a language.

The disfluency-as-deception bias reported by Loy et al. (2017) can likewise be

explained by this mechanism. Individuals hold a priori theories on how deception sounds,

whereby filled pauses are to be expected in deceptive speech. The origins of this stereotype

are unclear (interlocutors rarely get to learn whether they were being deceived or not),

but a potential explanation involves individuals’ experience with speakers’ filled pauses

and difficulty in production. As deception is believed to be cognitively costly (Vrij et

al., 2000; Vrij et al., 2008), one can expect that a speaker’s increased cognitive load

leaks onto their behaviours (Ekman & Friesen, 1969). As a consequence, individuals

stereotype disfluent speech as deceptive. In experimental designs such as that of Loy et
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al. (2017), where deceit is expected, this interpretation is computed automatically when

encountering a filled pause.

Understanding the disfluency-as-deception bias as the outcome of an association

has important consequences for its emergence. It entails an automatic computation,

in that manner of delivery is the sole cue that the system considers when interpreting

deceit. As no other cues are considered, the computation is relatively fast and thus

the interpretation emerges quickly shortly after encountering a filled pause, and without

requiring cognitive resources from the system. Further, understood as the by-product of

a stereotyped association, it is technically inflexible: Upon encountering a disfluency in a

context where deceit is expected, individuals should always exhibit this interpretation; in

this regard, the associative account posits that manner of delivery occupies a privileged

position for the interpretation of deceit.

6.1.2 Deception bias as an inference

The effects of filled pauses in deriving an interpretation can be alternatively seen as the

outcome of social reasoning (cf. Goodman & Stuhlmüller, 2013). In the case of predictive

disfluencies, in Section 3.1.1 we reviewed how the constraints exerted by the presence of

a filled pause are subject to contextual factors; specifically, the question of who produces

the disfluency has consequences for what is (or is not) expected. Anticipatory eye move-

ments towards harder-to-name entities following disfluencies are attenuated when there

are alternative explanations for the speaker to be disfluent (Arnold et al., 2007, Exp. 2;

Bosker et al., 2014, Exp. 2). These modulations can be understood under an inference

account: Listeners combine speakers’ identity (or perspective) with manner of delivery

to guide their comprehension. This account highlights the role of speaker identity in

language comprehension (e.g., Berkum et al., 2008; Kleinschmidt and Jaeger, 2015).

Inferences about the speaker could equally explain the disfluency-as-deception

bias. This mechanism, prima facie, would be similar to that underlying the associative

account. Listeners’ awareness of the correlation between problems in language production
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and filled pauses in a context where cognitive load can be explained by speakers’ deceitful

intentions leads them to reason that the presence of a disfluency is reflective of speakers’

deceptive intentions. In contrast to the associative account, an inferential one proposes

that, all things being equal, disfluency will be a cue favouring the interpretation of deceit

when it is the only cue present in the context to support this interpretation. However,

because listeners are expected to reason about the speaker, one important prediction of

this account is that the disfluency-as-deception bias can be modulated.

In Loy et al. (2017), listeners only had to reason about why the disfluency was

there against a context of expected deceit. Take, however, a situation in which there is

another explanation for the speaker to produce a disfluency: Under an inference account,

manner of delivery would be considered alongside the perceived cause for the speaker

to produce speech in such way. A by-product of this consideration of different cues is

an increase in cognitive demands, because the set of alternatives that can be activated

requires working memory resources (Chierchia et al., 2001; Gotzner & Spalek, 2017).

Consequently, the emergence of the bias in the time course of speech comprehension may

be delayed, reflecting the system’s consideration of different, opposing cues at the same

time.

We have reviewed two potential mechanisms for the disfluency-as-deception bias

emergence. These two accounts represent two contrasting ways in which cues would

be weighed to interpret deceit in disfluent speech (Degen & Tanenhaus, 2015, 2019).

Under an associative account, manner of delivery heavily influences the interpretation

of disfluent speech and overrides the influence of any other potential cues because it is

rapidly available for listeners as it is the output of a stereotyped association. Under an

inference account, manner of delivery influences the disfluency-as-deception bias because

listeners reason about why the speaker was disfluent. Consequently, it may not override

other cues available in the signal from the early stages of comprehension. It is important

to note that it is likely that disfluent speech will be interpreted as indexing deceit. What is

of interest for us is the underlying processes i.e., the timing of an emerging interpretation:
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The associative and inference accounts herein described entail that this emergence will

differ depending on whether listeners are solely relying on a stereotyped association or

are considering different cues equally.

6.2 Experiment 3: The role of speaker identity

Experiment 3 was designed to test one of the key distinctions between the two proposed

mechanisms: their flexibility. Specifically, we were interested in the emergence of the

disfluency-as-deception bias depending on the presence of alternative cues (beyond the

possibility of deceit on the speaker’s behalf) for the speaker to produce disfluent speech.

Of course, speakers can produce ums and ers for many reasons which have nothing

to do with deception. One reason for a speaker to be disfluent is if they are producing

speech in their second language (i.e., they are non-native speakers). Speaking a sec-

ond language is cognitively demanding (Gregersen, 2005) and many of the difficulties

associated with language production in a second language (e.g., word-finding difficulties,

Pivneva et al., 2012) can be associated with disfluency (e.g., Beattie & Butterworth, 1979;

Schachter et al., 1991). Indeed, non-native-accented speech is associated with increased

disfluency rates overall (Davies, 2003), and is perceived as such by first-language listeners

(Pinget et al., 2014).

In Section 5.2.1, we discussed how speech produced by a non-native speaker can be

interpreted differently from that produced by a native speaker. The literature reviewed

suggests that these differences can be accounted for by a stereotype of non-native speakers

as being linguistically less competent than native speakers, so their speech is interpreted

through this lens (Lev-Ari, 2015). Disfluency can be taken as evidence of lower linguistic

competence and, consequently, disfluent speech would align with listeners’ expectations

of non-native speakers as being less linguistically skilled and thus influence the disfluency-

as-deception bias.
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It is also important to note that a speaker’s linguistic background in itself can

bias veracity assessments. The deception literature consistently reports a bias against

non-native speakers: Some authors have reported a lie-bias against non-native speakers

(Da Silva & Leach, 2013; Elliot & Leach, 2016; Leach & da Silva, 2013; Leach, Da Silva,

et al., 2017; Leach et al., 2020), while others report a truth-bias towards native speakers

that non-native speakers do not benefit from (Castillo et al., 2014; Cheng & Broadhurst,

2005; Evans & Michael, 2013; Evans, Michael, et al., 2013; Evans & Michael, 2014; Evans,

et al., 2017). These biases have been explained in terms of processing fluency (i.e., the

ease with which a stimulus is processed, Oppenheimer, 2008; see Dragojevic et al., 2017,

Lev-Ari & Keysar, 2010), group membership (Turner et al., 1979), and a combination of

both factors (Mai & Hoffmann, 2013; see also Foucart & Hartsuiker, 2021). Importantly,

these biases might just reflect the fact that non-native speech happens to contain more

elements that listeners attribute to deception (Castillo et al., 2014).

In order to explore these issues, Experiment 3 replicates and extends Loy et al.’s

(2017) eye-tracking treasure-hunt paradigm, in which participants had to guess the lo-

cations of treasure based on the instructions provided by a potentially deceitful speaker.

As in Loy et al. (2017), manner of delivery was manipulated by presenting half of the

critical utterances fluently (The treasure is behind the...) and the other half disfluently

(The treasure is behind thee uh...) within (listening) participants. In addition, we ma-

nipulated the nativeness of the speaker between-participants: Half of the participants

heard a native English speaker, while the other half heard a non-native (L1: Spanish)

speaker of English. In each trial, participants were instructed to click on the location

(out of two) that they thought concealed the treasure, and their eye movements were

recorded throughout.

To the extent that judgements are driven by the specific cue of disfluency, disfluent

utterances should be more likely to be judged as deceitful than their fluent counterparts,

regardless of who the speaker is. In this case, the disfluency-as-deception bias can be
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attributed to associations that listeners hold between disfluency and deceit: Although al-

ternative causes of disfluencies have been shown to exert an influence on prediction (e.g.,

Arnold et al., 2007; Bosker et al., 2014), it may be that they are not of much consequence

in the context of deception because the bias emerges as a consequence of an association.

Alternatively, it may be the case that listeners model the speaker more closely: If lis-

teners attribute non-native speakers’ disfluencies to general production difficulties rather

than any cognitive effort associated with lying, then disfluency-driven evaluations of de-

ceit should be less evident for speech from non-native than that from native speakers.

Specifically, if the disfluency-as-deception bias emerges due to the fast application of an

association, there should be no differences in the time course depending on the speaker’s

linguistic background. However, if listeners are reasoning about why a speaker is dis-

fluent, then the time course of the emergence of this bias should differ between speaker

conditions, with a delay for the non-native speaker (cf. Roettger & Franke, 2019).

6.2.1 Methods

All materials, including experimental script and analysis can be found at https://osf.io/

9s6jv/.

Participants

Eighty-three self-reportedly monolingual speakers of British English, born and raised in

the United Kingdom, took part in the study. Participants were recruited from either the

general population or from the University of Edinburgh student pool. Participants were

aged between 18 and 30 years, had no hearing impairments and had normal or corrected-

to-normal vision. All participants gave their informed consent, as approved by the PPLS

Ethics Committee (ref no. 294-1718/9). Participants were reimbursed with either £5 or

university credit, and debriefed after the experiment.

Participants were excluded from the analysis if they did not meet the participation

criteria (e.g., disclosed not being from the UK, N = 6). A further 13 participants were

removed because they rated the auditory stimuli as unnatural (N = 11), or guessed the

https://osf.io/9s6jv/
https://osf.io/9s6jv/
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study’s aim (N = 2). These participants were removed to reduce the likelihood that

any findings might be affected because participants noticed something unusual about the

auditory stimuli. The final sample comprised 64 participants (males = 22).

Materials

120 black and white line drawings (Weldon & Roediger, 1987) were selected as visual

stimuli. These images were grouped into 60 pairs, with no phonological overlap within

pairs. Each pair included an image consistent with the item named by the speaker (the

referent) and an alternative possibility (the distractor). 20 pairs were used as critical

stimuli and the remaining 40 pairs were used for filler trials. All referent names had a

log frequency higher than 3.5 in the SUBTLEX-UK database (Van Heuven et al., 2014).

Pairs were matched for ease of naming (H < 1) and familiarity (F > 3; Griffin & Huitema,

1999) to avoid biases toward unfamiliar items which have been shown to arise in response

to disfluent speech (Arnold et al., 2007).

A native British English speaker and a non-native English speaker (Spanish-

English accent) recorded the auditory stimuli. Sentences were recorded in their entirety

by both speakers. To create the critical stimuli, we followed Loy et al. (2017): A pro-

longed article followed by a filled pause from a disfluent utterance was cross-spliced into

the fluent utterances, before the mention of the referent. This manipulation ensured that

participants reacted to the same utterance across conditions, with only the substitution

of “thee, uh” in the disfluent condition (Loy et al., 2017). To ensure that the auditory

stimuli resembled natural speech, we presented the materials to two raters blind to the

manipulation and who did not take part in the study. These raters heard the stimuli and

were asked to report whether there was anything unnatural in the audio; if they reported

anything odd, they were asked to elaborate. Neither of the raters reported noting the

manipulation or considered the stimuli unnatural. The native and non-native speakers’

filled pauses were each approximately 800 ms in duration.
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Critical referents were counterbalanced across two lists, such that they were pre-

sented in both fluent and disfluent contexts across the experiment. Each list contained

40 additional filler utterances. These filler trials included 19 fluent and 21 ‘disfluent’

recordings, with disfluent trials including several different indicators of uncertainty. Each

speaker produced similar filler items. Table 6.1 below shows a breakdown of filler stimuli.

Table 6.1

Breakdown of sentence types for filler trials for the native and non-native speaker condi-
tion.

Filler type Description No. of

utterances

Example

Fluent None 19 The treasure is behind the

Disfluent Filled pause 3 Um, the treasure is behind the

Elongation 5 The treasure is behind thee

Repetition 2 The treasure is behind thee-

thee

Other Discourse

marker

5 Ok, the treasure is behind the

Modal verbs 4 The treasure might be behind

the

Combination 2 Now the treasure could be be-

hind the

Procedure

The stimuli were presented using OpenSesame v.3.2.7. (Mathôt et al., 2012) on a 21”

CRT monitor screen, with the participant seated at a viewing distance of approximately

80 cm. Visual stimuli were presented vertically centred to the left and right sides of the

screen, and audio was presented at a comfortable loudness level from two loudspeakers.

Participants’ eye movements were recorded using a Tower-mounted SR Research Eyelink
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1000 eye-tracker, sampling the right eye at 500 Hz. Mouse responses were collected using

a standard computer mouse.

At the beginning of the experimental session, the experimenter gave a cover story

to explain the origin of the auditory stimuli and to introduce the element of deception.

Participants were told that they would hear a previously recorded participant who had

played against another participant and had been asked to lie half of the time. To engage

participants and keep them motivated, they were told they would compete against the rest

of the participants in the study and that they would get points for every time they guessed

the location of the treasure correctly, with some “bonus rounds” earning them double the

score. Participants were told they could enter their names into a high-score table if they

won. They were shown this table at the beginning of the experiment. Participants were

randomly assigned to either a group that heard the first-language British English speaker

(n=32) or a group that heard the second-language English speaker (n=32).

Eye-tracking began with a nine-point calibration and validation procedure. Par-

ticipants then performed a five-trial practice session. Trials began with a drift correction

procedure, followed by a red fixation dot which remained on the screen for 500 ms. Im-

ages were then presented for 2000 ms, after which the audio began. The referent and

distractor’s positions on the screen were counterbalanced across trials. Participants could

click on either object at any time once the speaker finished talking, but responses that

took more than 5 additional seconds after the audio had stopped playing were discarded.

Critical and filler trials were presented in random order. In order to motivate partici-

pants, 25% of filler trials were followed by a “bonus” feedback screen indicating that the

participant had clicked on the item that concealed the treasure, regardless of where they

had actually clicked. Figure 6.1 depicts the trial sequence.

After the experiment, participants filled in a questionnaire to assess whether they

had noticed the manipulation. To further ensure that our auditory stimuli resembled

natural speech and that participants’ responses could not be attributed to noticing the

manipulation of the auditory stimuli, participants rated the naturalness of the audio on a
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Figure 6.1. Trial sequence of Experiments 3 and 4.

9-point scale (1: not natural; 9: natural) and answered five open-ended questions regard-

ing the experiment’s stimuli and aim. Participants in the non-native speaker condition

additionally rated on a 9-point scale the perceived fluency (1: very disfluent; 9: very

fluent) and accentedness (1: not accented, 9: very accented) of the audio. These partic-

ipants additionally reported their exposure to foreign-accented English as measured by

their daily interactions with second-language English speakers (1: never, 9: always) and

their daily exposure to foreign-accented English (1: never, 9: always). After filling in the

questionnaire, participants were informed of the actual aim of the experiment and further

asked if they had noticed the manipulation.

6.2.2 Results

Analyses were carried out in R version 4.2.0 (R Core Team, 2020), using the lme4 package

(version 1.1.29, Bates et al., 2015). Data wrangling was done with the tidyverse (version

1.3.1, Wickham et al., 2019) package, and data visualization was done with the ggplot2

(version 3.3.6, Wickham, 2016) and wesanderson (version 0.3.6., Ram & Wickham, 2018)

packages. Data from ten trials in which no click was recorded before cutoff (0.78% of all

trials) was discarded prior to analysis. All models were fitted using the bobyqa optimiser.
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Answers to questionnaire

Participants who listened to the native speaker rated the naturalness of the auditory

stimuli an average of 7.56 (SD = 1.28), while the average rating for the non-native speaker

was 7.18 (SD = 1.04). Naturalness ratings did not differ significantly between speaker

conditions (t(62) = 1.27, p = .21). Additionally, participants who listened to the non-

native speaker rated the audio’s fluency on average 7.56 (SD = 1.15) and its accentedness

as 7.06 (SD = 1.15). Participants reported their daily exposure to non-native accented

speech an average of 6.11 (SD = 2.23), and interacting daily with non-native speakers

an average of 5.83 (SD = 2.41). These measures were not found to affect participants’

clicking behaviour and are not discussed further.

Object clicked

The objects clicked in each trial were analysed as indices of participants’ interpretations

of deceit. We modelled the referent disadvantage (i.e., participants’ preference to click on

the distractor, assumed to indicate a judgement of deceit; 1 = distractor, 0 = referent)

using mixed-effects logistic regression. We included a within-participant and within-item

effect of manner of delivery (fluent coded as -0.5, disfluent as +0.5), a between-participant

but within-item effect of speaker’s linguistic background (native coded as -0.5, non-native

coded as +0.5) and their interaction as fixed effects. The maximal model justified by the

design (Barr et al., 2013), with relevant by-participant and by-item random effects, failed

to converge. The random effects structure was therefore simplified such that the final

model included by-participant and by-item random intercepts and random slopes for

manner of delivery by-participant and by-item.

The overall distribution of clicks in the experiment (i.e., combining critical and

filler trials) show a tendency to believe both the native and the non-native speaker. There

were 55.05% and 56.47% of trials with clicks on the referent for the native and the non-

native speaker respectively, while 44.81% and 43.53% of trials had clicks on the distractor

for the native and the non-native speaker respectively. Table 6.2 shows the proportion of
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Table 6.2

Proportion of object clicks in critical trials split by conditions. (Raw counts in parenthe-
ses.)

Native Speaker Non-native Speaker
Fluent

Referent 0.79 (251) 0.70 (225)
Distractor 0.21 (68) 0.30 (95)

Disfluent
Referent 0.32 (102) 0.29 (92)

Distractor 0.68 (218) 0.71 (222)

clicks on each object per condition. The generalised mixed model showed a main effect of

manner of delivery, whereby disfluent utterances led to more clicks on the distractor (β =

2.43, SE = 0.31, p <.001), in line with previous findings (Loy et al., 2017; see also King

et al., 2018; Li et al., 2022). We found a marginally significant main effect of speaker’s

linguistic background (β = 0.34., SE = 0.18, p = .05), whereby utterances produced by

the non-native speaker were more likely to be taken as deceptive. Crucially, the model

showed no interaction between manner of delivery and speaker’s linguistic background (β

= -0.46, SE = 0.6, p = .44).1

Eye movements

The time course of fixations to referent and distractor by speaker’s linguistic background

is depicted in Figures 6.2 and 6.3 for the fluent and disfluent conditions respectively. For

both speakers, listeners initially fixated on the referent. However, starting at around 500

ms after target onset, listeners began to fixate more on the distractor if the speaker was

disfluent (Figure 6.3). The patterns of fixations for both native and non-native speakers

appear to be similar to the patterns reported by Loy et al. (2017).

Eye-tracking data was averaged into bins of 20 ms (10 samples each) prior to

analysis. Proportion of fixations towards either object were calculated per bin and then

transformed into empirical logits (Barr, 2008) to measure the preference of fixations

1Similar results were obtained when including data from those who reported noticing the manipu-
lation or rated the naturalness of the audio lower than 4: the model showed a main effect of manner
of delivery (β = 2.29, SE = 0.27, p < 0.001), with disfluent utterances leading to more clicks on the
distractor. Neither speaker’s linguistic background (β = 0.3, SE = 0.17, p = .07), nor its interaction
with manner of delivery (β = -0.46, SE = 0.54, p = .39), yielded significant effects.
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towards the distractor over the referent: Positive numbers indexed a preference for the

distractor, and negative numbers indexed a preference for the referent - i.e., the referent

disadvantage. By doing so, we modelled the tendency to infer deceit over time depending

on manner of delivery and speaker’s linguistic background. The time window for analysis

spanned from referent onset until 800 ms later, following previous research (Loy et al.,

2017). This exceeds the duration of the longest critical referent name for both the native

(616 ms) and the non-native (530 ms) speakers.

Following previous studies (e.g., King et al., 2018; Loy et al., 2017), we built a

linear mixed model to explore participants’ eye movements. Our model included within-

participants and within-items effects of time (scaled), within-participants and within-

items effects of manner of delivery (fluent coded as -0.5, disfluent as +0.5), and between-

participants but within-items effects of speaker’s linguistic background (native coded as

-0.5, non-native coded as +0.5), and their interaction as fixed effects. We fit the maximal

model justified by design (Barr et al., 2013) with by-participant and by-item random

effects to match. Effects were considered significant at |t| > 2 (Baayen, 2008).
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Figure 6.2. Fluent utterances: Mean proportion of fixations to referent and distractor by

speaker’s linguistic background (native/non-native). Proportions were calculated out of

the sum of fixations towards either object for each 20-ms time bin from target onset to

2,000 ms post target-onset. Shaded areas represent ± 1 standard error of the mean.
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Figure 6.3. Disfluent utterances: Mean proportion of fixations to referent and distractor

by speaker’s linguistic background (native/non-native). Proportions were calculated out

of the sum of fixations towards either object for each 20-ms time bin from target onset

to 2,000 ms post target-onset. Shaded areas represent ± 1 standard error of the mean.

This analysis showed an interaction between manner of delivery and time, such

that participants’ fixations towards the distractor increased over time following disfluent

utterances (β = 0.34, SE = 0.15, t = 2.30). The time course of fixations did not differ

based on the speaker’s linguistic background (β = -0.02, SE = 0.15, t = -0.10). Crucially,

the time course of fixations towards either object did not differ based on the interaction

between manner of delivery and speaker’s linguistic background (β = -0.32, SE = 0.27, t

= -1.20), suggesting that disfluent utterances increased the referent disadvantage in the

same manner regardless of the speaker.2

2Similar results were found including data of participants who reported noticing the manipulation
or rated the audio’s naturalness lower than four. There was a main effect of manner of delivery in the
time course of participants’ eye movements (β = 0.35, SE = 0.13, t = 2.81), whereby following disfluent
utterances participants fixated more on the distractor. The time course of fixations did not depend on
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Post-hoc analysis

The results of the eye-tracking data suggest, at face value, that only the manner of

delivery, and not the speaker’s linguistic background, biased participants’ interpretations

towards deceit. The lack of interaction with the speaker’s linguistic background, and

in particular, the lack of delay in the time course of fixations, support an associative

mechanism whereby disfluency is in a privileged position in the context of potential

deceit.

The analyses conducted shed light on the overall effect of manner of delivery in

the time course of the disfluency-as-deception bias. A post-hoc analysis was conducted

to investigate whether participants learnt to discriminate the disfluency by comparing

participants’ fixations in the first and last third epochs of the experiment. The reason

for this analysis is twofold. Firstly, investigating participants’ behaviour throughout the

course of the experiment allows us to test whether participants became sensitive to the

manner of delivery during the experiment and solely relied on filled pauses due to the

nature of the task. Secondly, the lack of effect of speaker’s linguistic background on the

emergence of the bias could be masked in an analysis that does not take presentation

order into account. On the one hand, participants might have been cognitively taxed at

the beginning of the experiment due to the non-native accent. If participants get used to

non-native accents via exposure (Porretta, Tremblar et al., 2017; Porretta, Buchanan et

al., 2020; Trude et al., 2013; Witteman et al., 2014), it could be that only towards the end

of the experiment did participants have sufficient remaining resources to reason about the

speaker. On the other hand, participants may have overridden stereotyped biases against

non-native speakers throughout the course of the experiment, so that at the beginning

of the experiment their behaviours were consistent with the inference account, but they

were consistent with the associative account at the end of it.

We thus compared the pattern of fixations in the first and last thirds of the ex-

periment. In this model, we compared participants’ eye movements in the first and

speaker’s linguistic background (β = 0.0005, SE = 0.13, t = 0.004) or its interaction with manner of
delivery (β = -0.32, SE = 0.25, t = -1.29).
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third epochs of the experiment. We modelled the referent disadvantage over an 800 ms

time window post-target onset with fixed effects of time (scaled), speaker’s linguistic

background (native coded as -0.5, non-native coded as +0.5), epoch (first epoch coded as

-0.5, third epoch as +0.5), fluency (fluent coded as -0.5, disfluent as +0.5) and their inter-

actions. The maximal random structure included by-participant and by-item random in-

tercepts, with random slopes of time, fluency, epoch, and their interaction by-participant,

and time, speaker’s linguistic background, fluency, and their interaction by-item. As de-

picted in Figure 6.4, the model showed that experimental epoch did not interact with the

critical interaction between manner of delivery and speaker’s linguistic background (β =

-1.11, SE = 0.39, t = -0.28). The lack of differences between epochs suggests that disflu-

ent utterances increased the referent disadvantage from the beginning of the experiment,

which can be seen in Figure 6.4, bottom panel.
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Figure 6.4. Mean proportion of fixations to referent and distractor for utterances

produced by the native and the non-native speaker by the manner of delivery (flu-

ent/disfluent) and experiment epoch (first/third). Proportions were calculated out of

the sum of fixations towards either object for each 20-ms time bin from target onset to

2,000 ms post target-onset. Shaded areas represent ± 1 standard error of the mean.

6.2.3 Discussion

The findings are consistent with previous suggestions that listeners interpret disfluency

as a signal of deceit. When speakers were disfluent, listeners were more likely to select an

unmentioned distractor as the supposed location of the treasure. Contrary to previous

findings (e.g., Lev-Ari & Keysar, 2010), we only found marginally significant evidence for

a lie-bias towards the non-native speaker. These findings were mirrored in participants’

eye movements: Fixations to the referent began to reduce soon after the referent onset

following a disfluent utterance, replicating previous findings (e.g., Loy et al., 2017; see
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also King et al., 2017; Li et al., 2022), in line with the predictions of an associative

account.

The eye-movement analyses demonstrate that native and non-native disfluencies

in the present study were interpreted in highly similar manners. Starting at around 500

ms after target onset, participants started to fixate more on the distractor following a

disfluent utterance. This pattern mimics that reported in Loy et al. (2017), suggesting

that the interpretation (that the treasure is unlikely to be in the mentioned location

following a disfluency) occurs early during the comprehension process. Given the speed

with which these fixation biases emerge, alongside the lack of differences as a function of

speaker’s linguistic background, it is possible that the effect may be derived by a stereo-

type listeners hold about the way deceitful speakers sound (i.e., following an associative

mechanism), rather than reasoning about why a speaker produces speech in a specific

way. The strength of this association may override the value of any other cue available.

One could argue that the imposition of a high-stakes context (i.e., where listeners

are aware of speaker’s deceitful intentions) may have rendered speaker identity as a useless

cue, explaining the lack of effect for speaker identity. However, unless participants have

set a ‘strategy’ prior to the experiment (i.e., decided what cues would be relevant for the

task at hand), we should have found a difference in the time course of the disfluency-

as-deception between those listening to the native and those listening to the non-native

speaker - at least, at the beginning of the experiment. We did not find, however, any

statistical differences in participants’ patterns of fixations across the experiment, as shown

by our post-hoc analysis. Taking these results together, Experiment 3 is best interpreted

in terms of the associative account.

These findings are at odds with previous studies where the presence of competing

cues for the speaker to produce a filled pause did delay the emergence of the disfluency-

as-deception bias. King et al. (2018) used a similar paradigm to that of the experiment

reported here: In their study, half of the disfluent items included a potential distraction to

the speaker (a car horn) immediately preceding the disfluency. When this potential cause
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for a disfluency was present, it took slightly longer for a fixation bias against the referent

and for the distractor to emerge, although ultimately disfluent recordings both with and

without car horns led to similar numbers of clicks on the distractor item. The authors took

this delay in the disfluency-as-deception bias as reflective of the time it takes the system

to draw inferences about the speaker’s production system and to take into account the

speaker’s momentary distraction as an alternative explanation for their disfluency. While

momentary distractors have not been shown to modulate predictive disfluencies (Arnold

et al., 2007, Exp. 3), King et al. (2018) argue that their experimental set-up “requires

participants to reason about the speaker and thus may encourage reasoning about the

detail of the speaker’s utterances” (King et al., 2018, p.133).

The contrast between Experiment 3 and King et al. (2018) suggests that not all

disfluency is perceived as deceptive. In King et al. (2018), listeners were able to attribute

the speaker’s disfluency to a cause that was momentarily present, and extrinsic (i.e.,

a car horn that both speaker and listener heard). In the present study, any plausible

alternative cause of disfluency was constantly present and intrinsic (i.e., disfluency could

be put down to reduced second language competence). The differences in the salience

of these alternatives could lead to them being weighted differently: Whilst the overall

speaker identity might be downplayed, a momentary, time-independent distraction can

update the weight given to speaker identity and thus make this cue worthwhile to consider

when interpreting deceit, i.e., dynamically update comprehension following a speaker’s

characteristics.

This leaves open the question of what drives the disfluency-as-deception bias and

why modulations are sometimes but not always possible: If the disfluency-as-deception

bias is a powerful heuristic that overrides any other inference about the speaker’s produc-

tion system, then previously found modulations could simply be attributed to listeners’

comprehension difficulties (a car horn is distracting to the listener too) and the absence

of modulation confirms the strength of the disfluency-as-deception bias as an association
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(non-native speakers’ difficulties don’t provide an alternative explanation). On the con-

trary, if the modulation of the disfluency-as-deception bias depends on the salience of an

alternative explanation for the speaker’s disfluency, then the absence of modulation may

reflect the lack of a sufficiently salient alternative explanation. One way of disentangling

this mechanism is by comparing the interpretation and time course of this bias across

scenarios that vary in the comprehension difficulties they impose while simultaneously

increasing the salience of the alternative cause for the speaker to be disfluent. In the

next section, we argue that exploring the time course of the disfluency-as-deception bias

in non-native listeners allows us to explore this question.

6.3 Experiment 4: The role of listener identity

In contexts in which disfluencies represent only one of many cues, such as when interpret-

ing deception, the salience of the alternative cause for the speaker to be disfluent may

need to be heightened for it to be taken into consideration by listeners. In Experiment

3, listeners would need to consider both the speaker’s identity and the conversational

context to model the production system of a non-native speaker may be less accessible

for native listeners to compute.

In Experiment 4, we argue that non-native comprehenders have two particular

properties that may answer whether modulations of the disfluency-as-deception bias are

possible, and subsequently, what mechanism underlies it. Firstly, inferences are said to be

delayed in this population, arguably due to reduced automaticity and cognitive resources

(Ito & Pickering, 2021; see also Corps, Liao et al., 2022). Further, non-native listeners

are said to be more aware of their interlocutor’s language background (Rubio-Fernández,

2017): This suggests that the alternative reason for the speaker to be disfluent (i.e.,

non-nativeness) may be more salient for this population.

Regarding the first property, we presented evidence in Sections 3.2.2 and 5.2.2

suggesting that second-language comprehension may be costlier than first-language com-

prehension, which may affect meaning interpretation. We previously argued that an
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inference account for the disfluency-as-deception bias entails a cost. While this cost may

still give rise to the relatively quick emergence of the bias in native listeners, in scenar-

ios where listeners have fewer cognitive resources, there can be a delay. Consequently,

attending to disfluent native-accented speech in one’s second language can give rise to a

disfluency-as-deception bias, although arguably in a relatively delayed manner compared

to native speakers.

We argued that in Experiment 3, listeners may have not been sensitive to non-

native speakers’ difficulties in speech production and thus took their disfluencies as ev-

idence of their deceptive intent. Previous research has suggested that second-language

comprehension is more sensitive to non-linguistic knowledge that is transferable across

languages, such as world knowledge. Foucart et al. (2015a) found that non-native lis-

teners displayed earlier responses to pragmatically inconsistent utterances (e.g., ‘Every

night I drink a little bit of wine before going to sleep’, said by a child) than their natives’

counterparts. Their findings align with proposals suggesting that to compensate for the

costs associated with second-language comprehension, non-native listeners rely more on

knowledge they have mastered well (Futrell & Gibson, 2017), such as speaker identity.

This idea may be particularly salient given that non-native comprehenders are said to

be more socially aware of their interlocutor’s features (Rubio-Fernández & Gluckberg,

2012) and show an advantage in theory of mind (Schroeder, 2018) compared to native,

monolingual comprehenders - which, incidentally, were the participants from Experiment

3.

This speaker-oriented sensitivity may thus pose a challenge when attending to

disfluent non-native-accented speech. This scenario entails two competing reasons for

a disfluency to be present (i.e., speaker’s intention to deceive, speaker’s struggle with

speech production due to their linguistic background), which weaken the contextual sup-

port of an interpretation of deceit (because a non-native speaker inhibits the disfluency-

as-deception bias). Consequently, interpreting deceit when confronted with alternative
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explanations when there are fewer resources available may be more difficult (Politzer-

Ahles & Gwilliams, 2015; Degen & Tanenhaus, 2019). If indeed there is an inference

underlying the disfluency-as-deception bias, given non-native listeners’ heightened at-

tention to speaker identity, and the cognitive resources available, interpreting disfluent

speech produced by a non-native speaker may pose a more dramatic cue conflict, resulting

in a delay in the emergence of the disfluency-as-deception bias.

Experiment 4 extends Experiment 3 to a sample of non-native English listeners. A

heterogeneous sample of non-native listeners was tested as we had no specific hypothesis

about a specific first language impacting the interpretation of deceit for filled pauses.

As previously discussed, if the disfluency-as-deception bias is driven by an associative

mechanism, then, as in Experiment 3, we should expect a similar time course in both

speaker conditions. If there is some form of inference involved in the bias, then non-

native participants should exhibit a delay in the emergence of the bias, which might

be heightened when listening to the non-native speaker. Nonetheless, regardless of the

speaker condition, we do expect that disfluent utterances will lead to more interpretations

of deceit: Given the experimental paradigm, ultimately participants will guide their

choices based on stereotypes about how deceptive speakers sound.

6.3.1 Methods

All materials and data, including experimental and analysis scripts, can be found at

https://osf.io/zfjtw/.

Participants

Eighty-three self-reported non-native English speakers (with different L1s, residing in the

United Kingdom) took part in the study for a final sample size of sixty-four. Participa-

tion criteria included self-reported age of acquisition, self-reported use of English during

childhood (less than 20%), and self-reported ages of achieving competence in English

(later than 6 years old). Five participants were not included in the analyses because they

were native English speakers. Additionally, we removed those who found the auditory

https://osf.io/zfjtw/
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stimuli unnatural (N = 10), guessed the study’s aim (N = 1), or did not understand the

instructions (N = 2). Data from one participant was not included in the analysis due

to a technical error with the presentation computer. Participants were aged between 18

and 30, had no hearing impairments and had normal or corrected-to-normal vision. All

participants gave their informed consent, as approved by the PPLS Ethics Committee

(ref no. 294-1718/9). Participants were reimbursed either economically or with university

credits and debriefed after the experiment. The final sample size was 64 (males = 15).

Table 6.3 depicts collected measures of participants’ English proficiency gathered via a

language background questionnaire and English proficiency task done at the end of the

experimental session. Further measures of participants’ linguistic backgrounds can be

found in Appendix B.

Materials

For the eye-tracking part of the experiment, the experimental materials were identical

to those used in Experiment 3. Because participants in this experiment were non-native

English listeners, we included measures of English proficiency and language background

as in Experiment 2. We further included measures of participants’ sociolinguistic abilities.

English proficiency was measured with a version of the English LexTale (Lemhöfer

& Broersma, 2012) implemented in OpenSesame (Mathôt et al., 2012). To measure par-

ticipants’ language backgrounds, we used an adapted version of the Language Experience

and Proficiency Questionnaire (LEAP-Q, Marian et al., 2007), which included additional

questions on language use (de Bruin, 2019), and was similar to those employed in previous

studies on non-native speakers (Foucart et al., 2014; Ito et al., 2018). Participants re-

ported all the languages they spoke in order of acquisition and self-rated their proficiency

in speaking, writing, reading, and listening on a 10-point scale. For each of the languages

participants listed, they reported the age of acquisition, the age when fluency was ac-

quired, the age when they started using the language for communicative purposes (i.e.

outside of a classroom), for how long they thought they had been learning the language,

and the mode of acquisition (i.e. classroom, interaction with other people, media, or
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Table 6.3

Participants’ measured English proficiency mean (and standard deviation) as measured
by the LexTale as well as the number of participants in each CPF level of proficiency
following their LexTale score, their self-reported proficiency in English (1 = not good at
all, 10 = native-like) mean (and standard deviations) by speaker condition, alongside
participants’ country of origin. Variables where data for four participants is missing are
marked with an asterisk [*].

Native speaker condition Non-native speaker condi-
tion

LexTale score

Mean score = 81 (12.8)
C1 - C2: 17
B2: 13
B1: 2

Mean score = 74.6 (14.5)
C1 - C2: 15
B2: 10
B1: 7

Self-reported English profi-
ciency in speaking [*]

8.25 (1.38) 7.5 (1.48)

Self-reported English profi-
ciency in reading [*]

8.75 (1.08) 8.22 (1.18)

Self-reported English profi-
ciency in listening [*]

8.54 (1.29) 8 (1.32)

Self-reported English profi-
ciency in writing [*]

7.93 (1.46) 7.5 (1.46)

Length of stay in the UK Range = 1 month - 9 years
Mode = 1 month

Range = 1 month - 14 years
Mode = 1 year

First language Chinese (7), Spanish (5),
Mandarin (4), German (3),
Italian (2), Norgewian (2),
Cantonese (1), Czech (1),
Finnish (1), French (1),
Greek (1), Iban (1), Roma-
nian (1), Swiss German (1),
Ukranian (1)

Chinese (10), Mandarin (4),
Polish (4), Cantonese (3),
Italian (3), Greek (2), Czech
(1), Indionesian (1), Lat-
vian (1), Romanian (1),
Spanish (1), Vietnamese (1)
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mixed). They additionally reported the percentage of exposure to each language in child-

hood, adolescence and currently. Further, we measured their current exposure to each

language in different contexts (e.g. interaction with relatives, classmates, or media) on a

9-point scale. To evaluate participants’ socio-linguistic abilities, we employed five ques-

tions from Bachman and Palmer (1989) wherein participants reported their abilities and

difficulties in using English for communicative purposes. Demographic questions included

country of origin, length of residence in the United Kingdom and in any other English-

speaking country, and how commonly they interacted with British English speakers in

daily life on a 9-point scale.

Procedure

The same procedure as in Experiment 3 was followed, with the following additions. Once

participants finished the eye-tracking experiment, they completed the English LexTale

(Lemhöfer & Broersma, 2012) implemented in OpenSesame (Mathôt et al., 2012). Partic-

ipants then answered the same questionnaire as those in Experiment 3 to assess whether

they had noticed the manipulation, and to give their evaluations of the auditory stimuli.

Finally, participants filled in the language background questionnaire. 44 partic-

ipants completed the questionnaire with pen-and-paper in the lab. Due to COVID-19,

testing was resumed 2 years after these 44 participants were tested and the experiment

was adapted to meet the new lab protocol. This meant moving the language background

questionnaire online (implemented in Qualtrics) to minimise participants’ time in the

eye-tracking lab. Thirty-five participants completed the questionnaire online before the

eye-tracking session3. Upon completion of their time in the lab, participants were de-

briefed and further asked if they had noticed the manipulation.

3Four participants did not complete the online questionnaire. Throughout the rest of this chapter,
measures that do not include their data are marked with an asterisk.
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6.3.2 Results

Analyses of object clicked and eye movements were conducted in the same way as those

for Experiment 3. Data from trials in which no click was recorded before cutoff (6 trials,

0.47% of data) was discarded prior to analysis.

Answers to questionnaire

Naturalness of auditory stimuli for the native speaker was rated an average of 8.22 (SD

= 1.04), and for the non-native speaker an average of 7.56 (SD = 1.37), which differed

significantly (t(62) = 2.16, p = .03). The non-native speaker’s audio fluency was rated

an average of 7.22 (SD = 1.36) and the accentedness as 6.69 (SD = 2.05). Those who

listened to the non-native speaker rated their daily exposure to non-native accented speech

as 6.59 (SD = 2.09) and their daily interactions with non-native English speakers as 6.50

(SD = 2.16). Participants who listened to the native speaker reported interacting daily

with British English speakers as 7.04 (SD = 1.70). None of these measures impacted

participants’ click distributions, and they are not discussed further.

Object clicked

We modelled participants’ interpretations of deceit by looking at the object clicked in each

trial. The model included fixed effects of fluency (fluent coded as -0.5, disfluent coded as

+0.5), speaker’s linguistic background (native coded as -0.5, non-native coded as +0.5),

and their interaction as fixed effects. The maximal model (Barr et al., 2008) failed to

converge. The final model included random intercepts by-participant and by-item, and

random slopes for manner of delivery by-participant.

Across the experiment, participants displayed a truth-bias for both the native and

the non-native speaker. 53.14% and 58.21% of trials recorded a click on the referent for

the native and the non-native speaker conditions, respectively. In contrast, 46.86% and

41.79% recorded a click on the distractor. Table 6.4 shows the proportion of participants’

clicks on each object per condition. Our model showed a main effect of manner of delivery,
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Table 6.4

Proportion of object clicks in critical trials split by conditions. (Raw counts in parenthe-
ses.)

Native Speaker Non-native Speaker
Fluent

Referent 0.70 (224) 0.72 (230)
Distractor 0.30 (95) 0.28 (89)

Disfluent
Referent 0.30 (94) 0.39 (125)
Distractor 0.70 (223) 0.61 (194)

whereby disfluent utterances led to more clicks on the distractor as the location of the

treasure (β = 1.88, SE = 0.26, p < .001). We did not find a main effect of speaker’s

linguistic background (β = -0.30, SE = 0.18, p = .09), nor an interaction between manner

of delivery and speaker’s linguistic background (β = -0.40, SE = 0.49, p = .41).4

Eye movements

Figures 6.5 and 6.6 depict the time course of eye movements to the referent and the dis-

tractor by speaker’s linguistic background for the fluent and disfluent condition respec-

tively. The time course of fluent utterances (Fig. 6.5) produced by native and non-native

speakers is characterised by an increase in fixations towards the referent that is sustained

over time. For disfluent utterances (Fig. 6.6), participants listening to both the native

and non-native speaker start off with a fixation bias towards the referent. However, at

around 600 ms, participants start to fixate more on the distractor. A similar pattern is

seen in both speaker conditions.

We modelled eye movements via empirical logits measuring the referent disadvan-

tage (where positive values indicate a preference to fixate on the distractor, and negative

values, a preference to fixate on the referent). Our model included the same predictors as

in Experiment 3 in a time window of 800 ms post-target onset. We included manner of

delivery (fluent coded as -0.5, disfluent as +0.5), speaker’s linguistic background (native

4The same pattern of results was found in a model including participants who guessed the aim
or rated the naturalness of the audio as low. Participants clicked more on the distractor following
a disfluent utterance (β = 1.92, SE = 0.22, p < .001). Object clicked did not depend on speaker’s
linguistic background (β = -0.30, SE = 0.16, p = .06) nor its interaction with manner of delivery (β =
0.008, SE = 0.44, p = .99).
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coded as -0.5, non-native coded as +0.5), time (scaled) and their interactions as fixed

effects. The model included random intercepts by-participant and by-item, and random

slopes for time, manner of delivery and their interaction by-participant, and for time,

manner of delivery, speaker’s linguistic background and their interaction by-item. We

considered effects significant at |t| > 2 (Baayen, 2008).

The analysis showed an interaction between manner of delivery and time: Par-

ticipants’ eye movements towards the distractor increased over time following disfluent

utterances (β = 0.32, SE = 0.12, t = 2.62). Eye movements were not biased depend-

ing on the speaker’s linguistic background over time (β = -0.05, SE = 0.12, t = -0.44).

Importantly, the results showed no interaction between manner of delivery and speaker’s

linguistic background over time (β = -0.34, SE = 0.31, t = -1.14): The bias induced by

disfluent utterances towards the distractor did not differ depending on the speaker. For

a visualization of the referent disadvantage in empirical logits, please see Appendix B5.

5The same pattern of results held true when participants who were excluded from analysis because
they noticed the manipulation were included. The model showed an interaction of manner of delivery
and time, whereby disfluent utterances led to more fixations on the distractor over time (β = 0.37, SE
= 0.11, t = 3.47). There was no interaction of time and speaker’s linguistic background nativeness (β
= -0.06, SE = 0.11, t = -0.56), nor an interaction of time, manner of delivery and speaker’s linguistic
background (β = -0.32, SE = 0.24, t = -1.35).
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Figure 6.5. Fluent utterances: Mean proportion of fixations to referent and distractor by

speaker’s linguistic background (native/non-native). Proportions were calculated out of

the sum of fixations towards either object for each 20-ms time bin from target onset to

2,000 ms post target-onset. Shaded areas represent ± 1 standard error of the mean.
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Figure 6.6. Disfluent utterances: Mean proportion of fixations to referent and distractor

by speaker’s linguistic background (native/non-native). Proportions were calculated out

of the sum of fixations towards either object for each 20-ms time bin from target onset

to 2,000 ms post target-onset. Shaded areas represent ± 1 standard error of the mean.

Post-hoc analysis

Similar to Experiment 3, a post-hoc analysis was run to investigate whether the disfluency-

as-deception bias differed across the experiment. We modelled the referent disadvantage

in an 800 ms time window post-target onset with fixed effects of time (scaled), speaker’s

linguistic background (native coded as -0.5, non-native coded as +0.5), epoch (first epoch

coded as -0.5, third epoch as +0.5), fluency (fluent coded as -0.5, disfluent as +0.5) and

their interactions, and by-participant and by-item random intercepts, with random slopes

for time, fluency, epoch, and their interactions by-participant, and random slopes for time,

speaker’s linguistic background, fluency, and their interactions by-item.
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The model showed that manner of delivery was the main factor in driving the

disfluency-as-deception bias time course (β = 0.38, SE = 0.17, t = 2.2). Importantly,

participants’ time course of fixations did not differ between the first and the third part of

the experiment as a function of fluency (β = 0.40, SE = 0.26, t = 1.51), nativeness (β =

-0.41, SE = 0.28, t = -1.45) and their interaction (β = 0.69, SE = 0.53, t = 1.31). As in

Experiment 3, the disfluency-as-deception bias emerged from the very beginning of the

experiment and continued throughout, as depicted in the bottom panel of Figure 6.7.

Figure 6.7. Mean proportion of fixations to referent and distractor for utterances pro-

duced by the native and the non-native speaker by manner of delivery (fluent/disfluent)

and experiment epoch (first/third). Proportions were calculated out of the sum of fixa-

tions towards either object for each 20-ms time bin from target onset to 2,000 ms post

target-onset. Shaded areas represent ± 1 standard error of the mean.
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6.3.3 Discussion

The results of Experiment 4 replicated those of Experiment 3. Disfluencies produced by

both the native and the non-native speaker were taken as indices of deceit. Importantly,

the emergence of the disfluency-as-deception bias did not differ as a function of speaker’s

linguistic background: Visual inspection suggests that around 600 ms post-referent onset,

participants started to fixate on the distractor upon encountering a disfluent utterance.

Participants’ pattern of fixations did not change throughout the course of the experiment

as suggested by our post-hoc analysis: Disfluency triggered interpretations of deceit from

the beginning of the experiment.

We initially proposed that the lack of modulation of the disfluency-as-deception

bias due to speaker’s non-nativeness in Experiment 3 may have been due to the lack of

salience of this alternative explanation for those participants. This argument was based

on King et al.’s (2018) findings where the presence of an alternative reason for the speaker

to be disfluent, in the form of an environmental sound (i.e., a car horn), did delay the

emergence of the bias - which the authors took as evidence for an inference mechanism

whereby listeners reason about why a speaker is disfluent. We argued that to test whether

the difference between the results of Experiment 3 and those of King et al.’s (2018) can be

put down to listeners’ different sensitivities to what may pose problems in speech produc-

tion, we should explore the emergence of the disfluency-as-deception bias in a sample of

non-native listeners. Our argument was twofold. Firstly, second-language comprehension

is characterised by increased cognitive demands and decreased automaticity (Cunnings,

2017; Ito & Pickering, 2021). This entails that, if an inference mechanism underlies the

disfluency-as-deception bias, we should see a delay in its emergence even when attending

to native-accented speech. Secondly, non-native listeners are said to be more tuned to

their interlocutors’ linguistic background (Rubio-Fernández, 2017) and better at mental-

ising (Schroeder, 2018), which is an operation expected to underlie meaning interpretation
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(cf. Woensdregt & Smith, 2017). Consequently, they should be more aware of the diffi-

culties associated with second-language production and thus more likely to consider the

speaker’s non-nativeness to interpret a filled pause.

The emergence of the disfluency bias was relatively quick post-target onset. Al-

though visual inspection of the time course of the bias initially suggests a delay if com-

pared to that in native listeners (Fig. 6.3 shows that participants’ fixations on the distrac-

tor started to increase at around 400 ms post-referent onset), this could be attributed to

reduced word recognition in second-language comprehension (e.g., due to increased lexi-

cal competition, Lagrou et al., 2013). The fact that we found no differences in the time

course of the disfluency-as-deception bias as a function of speaker’s linguistic background

provides further evidence for an associative mechanism. This suggests that interpreting

disfluency as deception is insensitive to who produces the disfluency, and thus likely to

reflect a lack (or reduced) social reasoning to derive the interpretation.

There are, however, two counterarguments to our proposal. The most contestable

assumption is that our non-native participants did not experience cognitive load, as we

expected. While working memory demands have been as a potential explanation for

second language comprehension difficulties, and have been put forward to account for

the differences with first language comprehension (cf. Cunnings, 2017; Kaan, 2014), it

is possible that, at least in the case of our participants, they did not experience more

cognitive demands than native listeners do. The participants in the present study were

immersed in an English-speaking country, a factor shown to ease the cognitive burden

of comprehending a second language (Mazzaggio et al., 2021). We assumed also that

second-language comprehension of speech produced with a non-native accent would be

more taxing than comprehension of native-accented speech. It is important to note that

both accents are foreign to our participants; it is just that the native-accented speech

resembles more the ‘canonical’ variety. The fact that there are no differences over the

course of the experiment for either speaker would suggest that participants did not adapt



Chapter 6. Disfluency as Deception 184

to the specific speaker’s accent, suggesting that both accents were equally easy (or diffi-

cult) to comprehend for our participants. It is important to note that our participants

reported being exposed to native and non-native English speakers and accents rather

often in their daily lives. This life experience is brought to the experiment: Previous re-

search has shown that second language comprehension of speech produced with a native

and a non-native accent is impacted by listeners’ familiarity with the accent (Grey et al.,

2019). Consequently, we could interpret the lack of delay as a result of participants’ fa-

miliarity with non-native-accented English. Nonetheless, this first counterargument does

not negate our interpretation of the findings under an association account: It could still

be possible that disfluency was the only cue considered to interpret deceit in Experiments

3 and 4.

The second argument involves the assumption that non-native listeners would

be more speaker-oriented, and thus more initially ‘forgiving’ of our non-native speaker’s

disfluencies. Attention to social cues does play a role in the emergence of the disfluency-as-

deception bias: Individuals who score higher on the Autism Spectrum Quotient, and thus

display a higher amount of traits associated with autism, display a delay in the emergence

of the disfluency-as-deception bias (Li et al., 2022). However,we may have overestimated

the implications of theory of mind in second-language comprehenders. Likewise, it is

possible that our non-native listeners were indeed more speaker-oriented, but this did not

translate onto a heightening of alternative explanations for the presence of a disfluency.

As we did not measure our participants’ social skills, this is an open possibility.

Finally, it is possible that the task’s instructions downplay the necessity of engag-

ing in theory of mind. Specifically, participants were informed that they had to make

a relatively fast decision. In turn, this may have favoured relying on any particularly

salient cue available to make their interpretation. The fact that participants’ pattern of

fixations did not change throughout the experiment runs partially against this argument:

Unless our participants had decided from the very beginning of the experiment what cues



Chapter 6. Disfluency as Deception 185

would be useful to perform the task, then we should have seen different time courses in

our post-hoc analysis, which was not the case.

This discussion highlights the need of comparing the pattern of fixations for native

and non-native participants. This test would establish whether there were any delays in

the emergence of the disfluency-as-deception bias as a function of the language listeners

were comprehending (i.e., their first or their second one). As our reasoning lies on the

assumption that there should be differences between these two populations that can help

disentangle the inference from the associative account, in the next section we discuss

the results of an analysis between these two populations. As we will show, a more

detailed exploration of participants’ pattern of fixations revealed that the emergence of

the disfluency-as-deception bias did not differ between native and non-native listeners.

6.4 Comparison across populations

Participants’ eye movements from Experiment 3 and Experiment 4 were combined to

explore any potential differences between native and non-native listeners; specifically, we

wanted to establish if there was any delay in the emergence of the disfluency-as-deception

bias in non-native participants are opposed to native ones.

The model was akin to that employed in each experiment, with the difference

that participants’ linguistic background was added as a fixed effect (native coded as -0.5,

non-native as +0.5), alongside its interaction with time, speaker’s linguistic background,

and manner of delivery. The model additionally included a random slope by-items for

participants’ linguistic background. The analysis showed that there were no differences

between native and non-native listeners over time for manner of delivery (β = -0.02, SE

= 0.14, t = -0.12) or speaker’s linguistic background (β = -0.07, SE = 0.15, t = -0.46).

Importantly, there was no interaction between the manner of delivery, speaker’s linguistic

background and participants’ linguistic background over time (β = -0.01, SE = 0.28, t =

-0.04).
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A model paralleling that of the post-hoc analysis in Experiments 3 and 4 further

corroborated that these two populations did not differ across the experiment in terms of

the time course of fixations as a function of speaker’s linguistic background and manner

of delivery (β = 0.40, SE = 0.64, t = 0.62).

6.5 Non-linear time course of eye movements

The results of the comparison between the two populations suggest that the emergence

of the disfluency-as-deception bias might be more nuanced than what the initial analyses

showed. As argued by Stone et al. (2021) and Ito and Knoeferle (2022), eye-tracking

experiments whose hypotheses rely heavily on timing differences might benefit from non-

linear modelling (e.g., Generalised Additive Mixed Models, GAMM, Wood, 2003, 2004,

2011, 2016, 2017). Therefore, we conducted an exploratory analysis for Experiments 3 and

4 using GAMMs. An explanation of GAMMs in terms of how they are built is reported

in Appendix B, as well as the specification of the models built and their results. As these

models’ results do not change our conclusions, we refer the reader to this Appendix for a

detailed description of their results. One of the drawbacks of GAMMs is that they rely

on visual inspection of the model’s results; hereafter, we will solely discuss the emergence

of the disfluency-as-deception bias via the models’ visualisation (which were done with

the itsadug (version 2.4.; van Rij et al., 2020) package).

Figure 6.8 shows the smooths for fluent and disfluent utterances by speaker’s

linguistic background (on the left), and the difference between these smooths by speaker’s

linguistic background (on the right) for Experiment 3. In both figures, we see that

following disfluent utterances, there is an increase in the fixations towards the distractor

compared to fluent utterances. The model showed that the disfluency-as-deception bias

emerged at around 315 ms post-target onset following a disfluency produced by a native

speaker. The referent disadvantage following a disfluency emerged at around 210 ms for

those listening to the non-native speaker.
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Figure 6.9 shows non-native participants’ smooth function of eye movements for

fluent and disfluent utterances by speaker’s linguistic background (on the left), and the

difference smooth by speaker’s linguistic background (on the right). Mapping onto our

results, disfluent utterances led to an increase in fixations towards the distractor compared

to fluent utterances. Both for the native (A) and the non-native (B) speaker conditions,

we find that fluent utterances led to more fixations to the referent compared to disfluent

ones. Specifically, this difference in fixations emerges at around 290 ms post-target onset

for both speaker conditions. This difference disappears for those who listened to the

non-native speaker at around 678 ms.

Figure 6.10 depicts whether the difference between fluent and disfluent utterances

in the native and non-native speaker conditions are statistically different. This Figure is

equivalent to contrasting the right plots of Figures 6.8 and 6.9. The model showed that

there were no differences by speaker’s linguistic background in the difference between

fluent and disfluent utterances: The disfluency-as-deception bias emerged in a similar

fashion in both speaker conditions, and regardless of the listener’s linguistic backgrounds.

Taken together, these analyses suggest a relatively early emergence of the interpre-

tation of disfluent speech as deceptive. Importantly, it corroborates the fact that there

were no differences in the time course of this interpretation as a function of speaker’s

linguistic background.
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Figure 6.8. Predicted empirical logits for Experiment 3. Figure A and C depict the

model predictions for the native and non-native speaker respectively, for fluent (red) and

disfluent (orange) utterances. Figures B and D depict the difference between the fluent

and disfluent conditions. Area of the x-axis highlighted in red shows when there are

significant differences.
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Figure 6.9. Predicted empirical logits for Experiment 4. A and C depict the model pre-

dictions for the native and non-native speaker respectively, for fluent (red) and disfluent

(orange) utterances. B and D depict the difference between the fluent and disfluent con-

ditions. Area of the x-axis highlighted in red shows when there are significant differences.
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Figure 6.10. Predicted differences in the referent disadvantage for the difference between

fluent and disfluent between speaker conditions. A depicts this difference for Experiment

3, while B depicts it for Experiment 4

6.6 General Discussion

Deception is a pervasive phenomenon in everyday communication (Serota & Levine, 2015;

Serota et al., 2010). Although individuals are no better than chance at detecting it (Bond

& DePaulo, 2006), when put in a situation where deceit is expected, their judgements

seem to be biased by a range of cues that range from the situational (such as who is

speaking) to the ephemeral (a verbal hesitation). In the two experiments presented

here, we contrasted these two types of cues in a paradigm designed to shed light on the

processes by which listeners decide whether or not to trust speakers with respect to a

specific utterance depending on how it is delivered. Specifically, we were interested in

whether this disfluency-as-deception bias is the outcome of listeners’ reliance on a priori

theories or if it reflects listeners’ reasoning about how speech is produced in a given
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context. Note that the focus here was on the ways in which these decisions are made,

rather than on whether they are accurate or not: What are the cues that listeners take

into account when they assess the truthfulness of what they are being told?

We proposed that the disfluency-as-deception bias can be accounted for in terms

of an associative or an inference mechanism. These two mechanisms make different pre-

dictions for the emergence of the bias; specifically, we were interested in the malleability

of the bias and its resistance to cognitive load. An associative mechanism predicts that all

disfluencies will be taken as indices of deceit, regardless of the context in which they are

produced, and this interpretation is effortless. In sharp opposition, an inference mecha-

nism predicts that some, but not all, disfluencies will be taken as evidence for deception:

Listeners consider the relevant cues available in a context to derive an interpretation, so

that, in the light of competing cues that explain the presence of a disfluency, the emer-

gence of the bias might be slower and costlier. Consequently, an inference account is

compatible with the expectation that the disfluency-as-deception bias emergence might

be impacted by the cognitive resources available.

Across two experiments, we found evidence supporting an associative mechanism.

Specifically, we aimed to disentangle these two accounts by extending Loy et al.’s (2017)

study to include an alternative explanation for the presence of a disfluency: Listeners

comprehended speech produced by either a native or a non-native speaker; in the latter

case, the presence of a disfluency can be plausibly explained by word-finding difficulties

associated with second language production. We extended this paradigm to a sample of

non-native listeners. We posited that non-native listeners are in a cognitively demanding

situation, which increases when attending to non-native-accented speech. These two

experiments demonstrated that manner of delivery was the sole player in the emergence

of the bias, with both groups showing a lack of sensitivity to the speaker’s linguistic

background. Importantly, the time course of this interpretation was similar across both

sets of participants: By 300 ms post-noun onset, the effects of disfluency were visible in

all participants.
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In what follows, we discuss what this means in terms of the mechanisms under-

lying the disfluency-as-deception bias. Likewise, we will relate these findings to previous

studies investigating biases against non-native speakers. Finally, we will conclude with a

discussion regarding the broader aims of the thesis.

6.6.1 The disfluency-as-deception bias

At the beginning of this chapter, we put forward two mechanisms to account for the

disfluency-as-deception bias: an associative and an inference account. This proposal was

partially motivated by the rationales reported in the literature to account for the effects of

disfluency in linguistic prediction (cf. Chapter 4). Predictive processes in language com-

prehension have been shown to be modulated by the presence of a disfluency; specifically,

filled pauses seem to bias comprehenders’ anticipations towards elements that coinciden-

tally co-occur with disfluency, arguably because the presence of a disfluency provides a

cue that something unexpected might come due to previously learnt associations. These

modulations are further subject to who produces the disfluency, suggesting that a priori

expectations about a speaker’s speech can guide whether a disfluency is a reliable cue

(Arnold et al., 2007; Bosker et al., 2014). Whereas these prior experiments do not in-

volve judgements of deception, they provide an interesting point of comparison to the

effects reported here. Specifically, we argue that the results reported here are evidence

of an associative mechanism leading to the present bias towards deception in the face

of disfluency. In experiments involving prediction, the effects of disfluencies are largely

transitory: The social costs of repairing a failed prediction while comprehending speech

is likely to be low. In these scenarios, it might be worthwhile to entrain and contrast

different cues available for the presence of a disfluency.

Why do we then say that our findings support an associative account? Our argu-

ments are twofold. As previously discussed, unless our participants have set on a strategy

prior to the experiment whereby only manner of delivery would be used as a cue to detect

deceit, an inference mechanism (where different cues are contrasted against the context)

predicts an effect of speaker identity. Specifically, the non-native identity we selected
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for our manipulation has been previously shown to impact how speech is comprehended

(Brehm et al., 2019; Gibson et al., 2017; Hanulíková et al., 2012) and interpreted (Caffarra

et al., 2018; Fairchild et al., 2020; Ip & Papafragou, 2022; Lorenzoni et al., 2022). These

effects can be partially explained by a priori expectations individuals have of non-native

speech, namely, as less linguistically competent (Lev-Ari, 2015). Therefore, this prior

expectation should have been a cue that listeners could have considered when integrating

the disfluency in comprehension. The lack of delay suggests that identity was not con-

sidered when taking the disfluency as evidence for deception, and thus fails to support

the inference account.

We argued that one possibility for the lack of effect of speaker identity was that the

salience of this cue as an alternative explanation for the presence of a disfluency was not

sufficiently salient for listeners to consider, especially in the case of our native participants.

However, there is a wealth of research showing that native and non-native participants

behave differently when their interlocutor is non-native compared to a native one, and,

specifically, that these behaviours can be explained by individuals’ beliefs about non-

native individuals’ linguistic competence. For example, native speakers are more likely

to employ an unusual label to refer to an object if said object had been referred to as

such by a non-native speaker, in contrast to a native speaker (Ivanova et al., 2007; Cai et

al., 2021), native speakers tend to produce more redundant labels when interacting with

non-native speakers (Tal et al., 2021), and native individuals are more likely to produce

utterances with the same syntactical structure as their non-native interlocutor’s if they

are presented with evidence suggesting a lower linguistic competence (Loy & Smith,

2019). Similarly, non-native individuals are more likely to reuse unpreferred labels when

they have been previously produced by a non-native speaker than by a native speaker

(Suffill et al., 2021). Unless non-natives’ stereotyped reduced linguistic competence does

not entail an increase in disfluency, our results are difficult to reconcile with the idea

that both native and non-native listeners are not aware of non-native speakers’ linguistic

abilities, supporting an associative account underlying the disfluency-as-deception bias.
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The second argument follows the same reasoning as proposals suggesting that

some inferences might become ‘routinised’ (Mazzone, 2009, 2013). Indeed, individuals

consistently report filled pauses as a trait displayed by liars (Arciuli et al., 2010; Global

Deception Research Team, 2016; Zuckerman et al., 198). The imposition of a context

whereby the potential utility value of following this heuristic is maximised (i.e., being

warned beforehand that the speaker would lie half of the time) might just activate it,

bypassing any reasoning when the relationship between the context and a cue is perceived

to be high enough.

The origins of this routine are hard to pin down. One possibility is that by exposure

to a language, users learn its distributional properties and this knowledge guides their

comprehension. Importantly, an initial tuning to a speaker’s mental state would evolve

to constitute an implicit knowledge that disfluencies accompany ‘things that are hard to

say’, which we could consider filled pauses’ conventionalised meaning. Although speakers

are no more disfluent when they lie (Loy et al., 2018), listeners still hold the belief that

lying is cognitively costly and thus falls under the umbrella of ‘things that are hard to say’.

Subsequently, disfluency is thought to accompany deception, because being deceptive is

hard.

The present experiments cannot disentangle these two possibilities. However, this

inference mechanism is particularly hard to reconcile with the fact that non-native partic-

ipants comprehending their second language produced with a non-native accent displayed

a similar time course to when speech was produced with a native accent. Specifically, sec-

ond language comprehension has been shown to be heavily influenced by knowledge that

listeners have mastered, with a particular sensitivity to speaker’s identity. Therefore, this

particular condition (i.e., non-native listeners attending to non-native-accented speech) is

where the combination of these two factors should have been particularly salient and thus

the most prone to show an effect of inferences in the form of a delay in the time course

of the bias. Yet, our findings showed that the pattern of fixations was indistinguishable

from that of those listening to the native speakers.
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Alternatively, what may have decreased the utility of the speaker identity as a

useful cue may have been our participants’ (both native and non-native) experience with

and exposure to non-native speakers. Our native listeners reported being exposed to

non-native speakers an average of 5.83 (SD = 2.41) on a 9-point scale, while non-native

listeners reported this exposure as 6.5 (SD = 2.16). In Chapter 4 we argued that a plau-

sible reason for non-native-accented disfluencies to guide comprehension was listeners’

experience with non-native-accented speech. Following on the evidence from predictive

disfluencies, listeners might move along a continuum between associations and inferences,

whereby the latter are more likely when the cue providing an alternative explanation for

a disfluency is reasonable following listeners’ experience with language use by different

speakers. By the same token, the disfluency-as-deception bias can operate as an associa-

tive mechanism unless something signals the listener that it is worth engaging in further

reasoning. For example, King et al. (2018) found a delay in the emergence of the bias

when the alternative reason for the speaker to be disfluent was momentarily present and

accessible for the listener (a car horn). This reasoning leaves the question open of whether

listeners who are less exposed to non-native-accented speech would show a modulation

of the disfluency bias.

Another concern is whether the pattern of results reported here can be, at least

partially, attributable to our participants’ expectations. Firstly, because our participants

expected the speaker to have deceitful intentions. This deviates from other scenarios

wherein individuals are uncertain in the first place about whether the speaker would be

deceitful. However, the pattern of results here described support the necessity to include

this expectation, as our participants demonstrated a truth-bias in both Experiments 3

and 4. Indeed, there is a wealth of research suggesting that there is a tendency to believe

our interlocutors, even within the deception detection literature (e.g., Vrij & Baxter,

1999).

Participants in Experiments 3 and 4 also had expectations about how often the

speaker would be deceitful: They were informed that the speaker would lie at least half
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of the time, following the design of Loy et al. (2017). This instruction might have

shaped participants’ decision-making, as technically they had some certainty about the

distribution of potential deceit in the experiment. It is possible that in scenarios with

different degrees of (un)certainty (e.g., a lower or a higher proportion of expected deceit)

participants’ decision-making could be skewed (e.g., consistently believe the speaker to

be truthful or deceitful to maximise their accuracy). For example, whether individuals

count all the cues that support either decision and select the one that has more cues in

its favour (i.e., a ‘tallying heuristic’; Dawes, 1979) or follow a ‘take-the-best’ heuristic

(i.e., rely on the most important cue to make a decision, Gigerenzer & Goldstein, 1996;

in this case, the most important cue to discriminate between a truth and a lie) might be

affected by how often they expect to encounter a lie, so that the heuristic followed is that

which maximises accuracy. However, whether individuals resort to different heuristics in

making these decisions as a function of the expected distribution of deceit falls outwith

the scope of this thesis.

6.6.2 Biases against non-native speakers

Another interesting finding from these experiments is the lack of an overall effect of

speaker identity. We find no evidence to support previous findings in the deception

literature suggesting that native and non-native speakers are evaluated differently by both

native (e.g., Lev-Ari & Keysar, 2010) and non-native listeners (Hanzlíková & Skarnitzl,

2017). Although previous studies have found that native listeners display, at best, a

truth-bias towards native speakers that non-native speakers do not benefit from, and at

worst, a lie-bias against non-native speakers, our findings indicate that both speakers

were considered equally truthful overall. This could be due to the differences between

the experimental stimuli employed in these experiments and those used elsewhere.

The differences in biases depending on speaker identity that have been reported in

the deception literature commonly come from studies wherein participants were presented

with larger, more heterogeneous, sets of cues from which to infer deception. For example,

Da Silva and Leach (2013) showed participants video footage of native and non-native
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speakers who were interrogated about whether they had cheated on a test. The speakers

were not following a script but were allowed to answer freely, for an average recording

duration of 93 s per response, with varying numbers of cues such as disfluencies in each

response. In our study, native and non-native speakers recorded brief scripted sentences,

and the number of overt (filled pause) disfluencies was kept constant between speakers.

These methodological differences leave open the question of whether non-natives might

have been previously judged to be more deceitful as a consequence of producing more

disfluencies; but it does seem unlikely that such judgements are (solely) based on their

identities.

Evidence for the effects of speaker identity on veracity ratings via decreased pro-

cessing fluency comes from Lev-Ari and Keysar (2010). Importantly, their findings have

been recently replicated (Boduch-Grabka & Lev-Ari, 2021, although see Foucart & Hart-

suiker, 2021 for a lack of replication). Boduch-Grabka and Lev-Ari (2021) reported that

brief exposure to non-native accented speech prior to the ratings (i.e., approximately 10

min. videos) numerically reduced the negative bias towards trivia statements produced by

non-native speakers. This brief exposure improved participants’ processing of non-native

accented speech as evidenced by participants’ better transcriptions of non-native speak-

ers’ sentences after being exposed to the non-native accented video (as opposed to those

who watched native accented videos). Importantly, the effect of exposure on veracity rat-

ings was mediated by participants’ improved comprehension of the non-native accent. In

fact, although some studies following similar paradigms investigating processing fluency

have failed to replicate Lev-Ari and Keysar’s (2010) original findings, they have found

differences in neural responses between native and non-native accented speech in terms of

group attribution (e.g., Foucart & Hartsuiker, 2021; Foucart et al., 2020). Interestingly,

our participants’ exposure to non-native accented speech was much longer than in Lev-Ari

and Keysar (2010) and Boduch-Grabka and Lev-Ari (2021), which may partially explain

the differences in the findings. In our case, although participants’ reports of exposure

and interaction with non-native speakers did not impact their clicking behaviour, it could

be the case of a ceiling effect: Our participants may be, overall, exposed to non-native
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accented English so much that the potential effects of processing fluency on veracity rat-

ings are diminished, explaining the differences between our findings and those of Lev-Ari

and Keysar (2010) and Boduch-Grabka and Lev-Ari (2021).

6.7 Conclusion

Overall, our results are consistent with a frequent finding that disfluencies are amongst

the cues that listeners employ to interpret an utterance as deceptive. Across two studies,

we demonstrated that this disfluency-as-deception bias is a heavily anchored cue that can

override any other cues present in the context, such as speaker identity. Importantly, the

bias is resistant to seemingly increasingly harder tasks, such as comprehending a second

language. These results support models where non-literal meaning can be interpreted

and integrated quickly and rather cost-free. However, we argue that when individuals are

warned about the speaker’s intention beforehand, and they hold a priori theories about

how this intention might be manifested, deriving an utterance’s meaning might not require

any form of reasoning: Instead, we believe that some inferences might become ‘routinised’

and implemented if the context supports such a heuristic as the most useful one to follow.



Chapter 7

General Discussion

Spontaneous speech is characterised by the presence of disfluencies, such as repeated and

elongated words, repairs and pauses filled with um and uh. This thesis explored the

last type of disfluency: filled pauses. Previous research has shown that the presence

of these elements in an utterance impacts both the underlying processes involved in

speech comprehension as well as listeners’ interpretations of the utterance’s meaning.

For example, the presence of filled pauses biases comprehenders’ eye movements towards

certain elements over others (e.g., discourse-new entities, Arnold et al., 2004; Heller et al.,

2015; hard-to-describe objects, Arnold et al., 2007; Watanabe et al., 2008; low-frequency

words, Bosker et al., 2014; Bosker et al., 2019) and skews listeners’ evaluations of both

the speaker and their communicative intent (e.g., uncertainty, Brennan & Williams, 1995;

deception, Loy et al., 2017; see also Arciuli et al., 2010; King et al., 2018, Li et al., 2022;

saving face, Loy et al., 2019).

Beyond any effect due to the interruption to the speech signal that filled pauses

present (what we coin as the fillers-as-time account, see Section 4.1), explanations put

forward to account for the comprehension of disfluent speech have fallen into two broad

camps: an association and an inference account. Each of these accounts capitalises on

different cognitive abilities. An associative account has its roots in individuals’ ability

to learn the statistical properties of linguistic input. An inference account is based on
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individuals’ capacity to reason about the speaker and use social information to guide

their comprehension of speech. These two mechanisms are not mutually exclusive, and

it has been argued that different properties of a communicative context (e.g., properties

of the signal, Bosker et al., 2019) can give relevance to either mechanism.

Throughout this thesis, we have juxtaposed these two accounts. We have described

how these two accounts can explain the biases exerted by disfluencies as originating

from different properties of filled pauses (distribution and origins, respectively) and how

they differ across a set of factors (experience, cognitive resources, speaker-orientation).

An associative account can be thus characterised as emerging from users’ experiences

with and exposure to a language, leading to a habitual, fast, but also inflexible system.

An inferential account proposes that listeners reason about the causes for a speaker

to be disfluent, and therefore is a context-dependent, slow, but flexible system. We

proposed that these differences have consequences for how filled pauses will affect speech

comprehension as a function of speakers’ and listeners’ characteristics, specifically in the

time course of comprehending disfluent speech.

In this thesis, we attempted to distinguish these accounts by exploring the effect

of linguistic background as an attribute of speakers and listeners across two contrast-

ing communicative contexts: following instructions and interpreting deceit. We argued

that exploring the comprehension of disfluent speech cross-linguistically and across par-

ticipants would shed light on the mechanisms involved. By having listeners attend to

speech produced by a native or a non-native speaker, we explored the flexibility of the

effects of disfluent speech. Further, we proposed that the properties of second-language

comprehension could help us understand how disfluent speech is comprehended. This is

due to (1) the possibility that it imposes an additional cognitive load on comprehenders,

thus allowing us to test the predictions of the associative and the inference accounts in

terms of costs, and (2) the fact that second-language comprehension may rely on cues

that comprehenders have mastered well, thus allowing us to test whether the reduced

experience with a language may lead comprehenders to revert to social reasoning. We
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investigated the interplay of these two factors across two communicative scenarios. We

used the prediction of lexical items and the interpretation of deceit as test beds: The

former is a context that may give rise to disfluent speech due to difficulties in producing

a label while the latter capitalises on disfluencies as a potential index of deceit.

We explored how the comprehension of disfluent speech varies across the combi-

nation of these factors in four eye-tracking experiments. Chapter 4 described two ex-

periments exploring whether the presence of a filled pause biased listeners’ expectations

towards objects with low-frequency (versus high-frequency) labels, depending on the lin-

guistic background of the speaker and the listener. Chapter 6 presented two experiments

where the interpretation elicited by disfluent speech was investigated by examining the

emergence of the pragmatic inference of deception, again depending on the speaker and

listeners’ linguistic backgrounds. This present chapter briefly summarises the main find-

ings of these experiments, in relation to the aims of this thesis and to the broader context

of disfluencies, and suggests future avenues for research.

7.1 Disfluency as difficulty

Part I of this thesis explored the mechanisms proposed to underlie prediction in speech,

with a focus on how disfluencies can guide anticipations about upcoming linguistic units.

We tested whether what listeners can expect can be best accounted for in terms of

individuals’ learning of the speech regularities or by individuals’ reasoning about speakers

by exploring what listeners anticipate following a disfluency produced by a native or a

non-native speaker. We also explored whether non-native listeners, for whom the word-

frequency effect is potentially larger, could equally inform their comprehension following

a disfluency.

In Chapter 4, we replicated and extended Bosker et al.’s (2014) eye-tracking ex-

periments, where native Dutch listeners were presented with two pictures, one of which

had a high- and one a low-frequency name, and were asked to follow the instructions of

either a native or a non-native Dutch speaker who could refer to either object fluently or
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disfluently. Bosker et al. (2014) reported that listeners displayed anticipatory eye move-

ments towards low-frequency items following a filled pause produced by a native speaker,

but not for those produced by a non-native speaker. In Experiment 1, we attempted to

replicate Bosker et al. (2014) in a sample of native English listeners, while Experiment

2 extended this paradigm to a sample of non-native English listeners. Our experiments

failed to replicate Bosker et al.’s (2014) findings. Instead, in Experiment 1 we found that

native listeners displayed anticipatory fixations towards the low-frequency item following

a disfluency produced by a non-native speaker, rather than by a native speaker. In Ex-

periment 2, we did not find any evidence for prediction following a disfluency for either

speaker. We argued that the lack of anticipatory eye movements for our disfluent native

speaker is likely a consequence of the (lack of) perception of hesitation in this speaker, a

point we will address in Section 7.3.

Separate from predictive processing, additional analyses suggested that the pres-

ence of a filled pause aided in the recognition of the named object, as reflected in a larger

increase in looks over time on the target in comparison to when these targets were pro-

duced fluently post-target onset. For native listeners (Exp. 1), the increase in fixations

following a filled pause (in comparison to when the speaker was fluent) was more pro-

nounced for low-frequency labels than for high-frequency ones - which, in fact, decreased

participants’ fixations to the target. This pattern of fixations was similar across speaker

conditions. For non-native listeners (Exp. 2), while a similar pattern to that of Experi-

ment 1 emerged for those who listened to a native speaker, filled pauses produced by a

non-native speaker benefited the recognition of both low- and high-frequency items.

This pattern of results partially aligns with an associative account. Starting with

Experiment 1, Bosker et al. (2014) interpreted the lack of prediction following non-

native disfluencies as evidence for an associative account. Listeners’ experience with the

properties of non-native-accented speech (whereby the distribution of filled pauses is more

arbitrary) diminishes the predictive value of non-natives’ filled pauses. Bosker et al.’s

(2014) participants, however, reported being exposed to non-native-accented speech at
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an average of 3.83 (SD = 2.13) on a 9-point scale. In contrast, in the present experiment,

native participants’ exposure to non-native-accented speech and experience with non-

native speakers was relatively higher (6.08 (SD = 2.34) and 6.13 (SD = 2.36)). Given

previous findings suggesting that exposure to non-native-accented speech can ease its

processing and revert it to that of native-accented speech (Porretta et al., 2017; Porretta

et al., 2020), it is possible that Bosker et al.’s (2014) findings are attributable to a

stereotype about non-native speakers’ speech while our participants’ experience in daily

life with non-native speakers decreased the reliability of those stereotypes.

Due to the nature of our auditory stimuli, where the native speaker’s disfluency

may not have been sufficiently salient, only the non-native speaker’s disfluency was a

likely candidate to increase fixations towards the low-frequency object before a label was

encountered (similar to Experiment 1). In Experiment 2, however, we failed to find

such anticipatory fixations. Previous research has suggested that predictive processes in

second-language comprehension may emerge later than in first-language comprehension,

due to reduced automaticity (Ito & Pickering, 2021) and increased cognitive load (Munro

& Derwing, 1995) and, in the present study, with the addition of an increased word-

frequency effect (Duyck et al., 2008). We take the pattern of fixations post-target onset

as partially supporting an associative account. In this window, we found that filled

pauses produced by a native speaker facilitated the recognition of the low-frequency label

compared to when it was produced fluently. In contrast, filled pauses produced by a non-

native speaker facilitated the recognition of both high- and low-frequency items. This

latter finding, in fact, aligns with the fillers-as-time proposal: Filled pauses may ‘just’

ease word segmentation, and potentially re-orient listeners’ attention to the speech signal,

so that the integration of upcoming linguistic elements is facilitated.

Overall, these patterns can be understood as reflecting listeners’ experience of lan-

guage. Whether a disfluency aids speech comprehension (either by predictive processing

or word recognition) depends on how used individuals are to the specifics of the signal

(i.e., accent). If comprehenders are not used to it, comprehension is likely to be informed
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by the beliefs listeners hold about speakers (i.e., following an inference account), as Bosker

et al. (2014) found. When listening conditions are adverse, such as attending to one’s

second language produced with a non-native accent, the benefits of disfluency might not

go beyond the interruption of the speech signal.

7.2 Disfluency as deception

In Part II, we explored how the presence of a disfluency induced listeners to infer meaning

that differs from the content of the utterance, for example, when the listener believes

they may be being deceived. We tested whether this interpretation is due to the fast

application of a heuristic, whereby listeners associate disfluent speech with deceit, or if

it reflects listeners’ reasoning about the speaker. To do so, we explored whether the

presence of an alternative cause for the speaker to be disfluent (i.e., producing speech in

their second language) could modulate this interpretation. Further, we explored whether

this interpretation depended on listeners’ cognitive resources and the strategies they use

to comprehend speech by testing a sample of non-native listeners.

In Chapter 6, we extended and replicated Loy et al.’s (2017) eye-tracking experi-

ment, in which native English listeners were presented with a potentially deceitful speaker

who would refer to the location of some treasure either fluently or disfluently (The trea-

sure is behind the/thee um). Experiment 3 replicated and extended Loy et al. (2017)

to test whether listeners interpret language in this task differently when it is produced

by a native versus non-native speaker. Experiment 4 extended this paradigm to a sample

of non-native English listeners.

Manner of delivery has consistently been reported as the main factor impacting

listeners’ interpretations of deceit (Arciuli et al., 2010; King et al., 2018; Li et al., 2022),

and the results of Experiments 3 and 4 provide further evidence of this. Both native

and non-native listeners were more likely to interpret disfluent utterances as deceitful,

regardless of the speaker’s linguistic background. Crucially, this interpretation emerged

similarly across speakers and listeners: At around 400 ms post-target onset, participants’
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fixations were reflective of their interpretation of deceit. These patterns did not differ

between listeners, nor did they become significantly enhanced towards the end of the

experiment as a result of learning.

We take this pattern of results as supporting an associative account too. We

initially argued that if social reasoning drove the interpretation of disfluent speech as

deceitful, then attending to a speaker who may produce disfluencies for reasons other than

deception (e.g., producing speech in their second language) might delay its emergence

(see King et al., 2018). However, the time course of fixations did not differ as a function

of the speaker’s nativeness. We argued that there is one alternative possibility: The

alternative reason for the speaker to be disfluent might not have been particularly salient

for native listeners. Nonetheless, when listeners are cognitively taxed, but also may be

more likely to consider speaker identity to compute an interpretation (i.e., when listeners

are comprehending speech in their non-native language) the time course of this disfluency-

as-deception interpretation did not differ from that found when listeners are attending to

their first language. This suggests that this interpretation of disfluent speech as deceptive

has its roots in a stereotype (or heuristic) of how deception sounds. One explanation

considers ‘habits of speech’ (Gershman & Goodman, 2014): Upon exposure and language

use learning, some interpretations are ‘routinised’ and thus reduce the necessity of the

listener to model the speaker, easing the computational burden (Elman et al., 2004).

For example, a repeated inference can yield an associative relationship (cf. Mazzone,

2009, 2013) so that its interpretation is eased and thus computed relatively quickly and

cost-free.

7.3 Accounts for comprehending disfluent speech

As we have reviewed, the findings of this thesis largely support an associative account.

Throughout four eye-tracking studies, we found a relatively early effect of filled pauses in

the integration and interpretation of speech. However, throughout this thesis, we have

argued that an associative and an inference account are not mutually exclusive. As Hanus
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(2016) argued (within learning): “False dichotomies create false battles (...) Instead of

asking what the circumstances are that allow or trigger associative and cognitive capac-

ities in (human and nonhuman) animals” (Hanus, 2016, p. 246). He advocates that the

question should be whether learning is due to blind associations or some form of infer-

ence. Translating this proposal onto our topic, a better question is what underlies the

associative account of disfluent speech comprehension.

Speculatively, what listeners may have learnt is an association between filled pauses

and things that are hard to say. This association may have its roots in the ability to keep

track of our interlocutor’s mental state (i.e., theory of mind, or mentalising). Some

authors have proposed that we are equipped with a set of mechanisms to monitor our

interlocutors’ reliability, known as epistemic vigilance (Sperber et al., 2010), which allows

us to evaluate both our interlocutors’ competence and honesty (Breheny et al., 2013;

Mazzaggio et al., 2021). As individuals’ experience with language use increases, inferences

about an interlocutor’s mental state following a filled pause become routinized, leading

to an association - in this sense, the association is a form of ‘crystallised’ social learning.

What is hard to say depends on the context, so this association is mapped onto listeners’

expectations: The context disambiguates the filled pause. An interpretation between the

properties of the signal (e.g., different speakers), the comprehender (e.g., their experience

with language) and the context (e.g., perceived communicative intent) may lead the

system to revert back to an inference. In this regard, comprehension of disfluent speech

follows an associative account unless there is a signal that these associations might not

be relevant. The evidence presented here may be thus taken as showing how listeners’

increased experience with different signals (in the form of native and non-native speakers)

translates into the system relying on an association.

Understanding the comprehension of disfluent speech as a component of a general

system that monitors speakers’ mental states might have consequences for the amount

of evidence the system requires to perceive the speaker as uncertain. Throughout this

thesis, we have been discussing disfluencies from the perspective that they are individual
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phenomena, such as filled pauses, that form part of the speech signal. However, Segalowitz

(2010) identifies this utterance fluency as one of three types of fluency. The others

are cognitive fluency, the speaker’s ability to efficiently produce language by bringing

to play the relevant cognitive processes, and perceived fluency : ‘the inferences listeners

make about a speaker’s cognitive fluency based on their perception of utterance fluency’

(Segalowitz, 2010, p.48). The crucial component for the experimental work reported

here is the difference between utterance and perceived fluency: Utterance fluency is a

fact, whilst perceived fluency is subjective. Segalowitz (2010) states that listeners do

not normally treat every pause and hesitation as evidence of disfluency - some degree of

hesitation is acceptable and even expected.

The latter point reflects another interesting aspect of the present thesis: The

evidence required to consider that the speaker is disfluent may depend on the task at

hand. In Experiments 1 and 2, we argued that one possibility for a native disfluency not

to have impacted predictive processing may have been due to the lack of evidence before

the filled pause that the speaker was going to be disfluent. Arnold et al. (2003) argued

that the effects of disfluency in predictive processing might be attributable to factors

beyond the presence of a filled pause, such as the prosody of an utterance. Interestingly,

in Experiments 3 and 4, listeners only had the filled pause as evidence, and this was

enough for listeners to interpret deceit. This suggests that an important component of

the signal is how prototypical it sounds, in terms of how much evidence is needed to

perceive (lack of) confidence.

7.4 Limitations and future directions

The work presented here is just a first step into deepening our understanding of the

comprehension of disfluent speech. Many of the conclusions drawn in this chapter are

rather speculative, and future research should address the predictions presented here as

well as work on the limitations of the experiments reported here.
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Foremost, it would be important to run similar experiments with more carefully

designed materials for Experiments 1 and 2. The lack of prior evidence that the speaker

was going to be disfluent, alongside the differences in the production of the filled pause

between the native and the non-native speaker, prevent us from drawing clear conclusions

about the mechanisms that underlie the effects of disfluency in predictive processing.

Given the variability in auditory stimuli employed in disfluent speech comprehension

research, future research could explore what is the threshold of perceived fluency for a

filled pause to exert an effect on predictive processing.

It is worth noting that Experiments 3 and 4 capitalised on the experimental task:

Participants were instructed to judge the speaker’s veracity. Testing comprehenders’

pragmatic interpretations outside of this paradigm may shed light on the circumstances

in which filled pauses’ conventional meaning is enriched. One prediction of the proposal

presented here is that the enrichment (or the lack thereof) depends on the costs com-

prehenders may incur if they do not compute the most relevant interpretation. Previous

research has shown that non-native speakers’ pragmatic failures, such as being underin-

formative, are more likely to be forgiven (Fairchild et al., 2020; Lorenzoni et al., 2022). In

scenarios where not accurately decoding the speaker’s intent does not entail social costs for

the comprehender, it may be possible to find different interpretations for disfluent speech

depending on the speaker’s characteristics. Likewise, different characteristics of the com-

municative situation may also change how listeners attribute uncertainty. What would

happen if, for example, participants had been shown pairs of high- and low-frequency

items in the treasure-hunt task paradigm? Would there be a delay in the emergence of

the bias in comparison to only seeing items that are arguably easy to produce? Exploring

these questions would clarify what further characteristics may lead listeners to infer in

situ, as opposed to relying on an association.

Future research should explore the idea that filled pauses belong to a larger class of

elements that are taken as signs of uncertainty. For example, languages are equipped with

a set of verbal elements that signal a speaker’s degree of commitment to the utterance
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(e.g., probably, perhaps ; Roseano et al., 2016) as well as to mark contextual expectations

(e.g., indeed, actually ; van Bergen & Bosker, 2018; Rasenberg et al., 2020) that listeners

are responsive to. In Dutch, the discourse marker er commonly precedes less predictable

(yet plausible) elements in the sentence context. Grondelaers et al. (2009) demonstrated

that the reading time of sentences with unpredictable endings was reduced when they were

preceded by er, suggesting that the presence of er eased the integration of unpredictable

endings. Grondelaers et al. (2009) argue that this reflects listeners’ abandonment of the

predictions they may have initiated given the sentence context following this discourse

marker. It is possible that perceived uncertainty yields similar responses.

Finally, an important question that arises from the claim that individuals have an

association between filled pauses and the elements with which they co-occur is whether

speakers intentionally produce them to enrich the meaning of an utterance. For exam-

ple, a speaker might want to express that an event was unpleasant but do it politely

by adding a filled pause. Interlocutors’ knowledge that a filled pause signals something

hard to say may lead the speaker to intentionally produce them to enrich their message.

Future research should examine whether there are differences in the production of filled

pauses that clearly are said to enrich meaning to investigate whether listeners are actu-

ally sensitive to this display. One venue to test this hypothesis is by exploring written

disfluencies. Given that the written modality is not the natural medium of disfluencies,

this would test whether written disfluencies only make sense when produced to imply

something different from the actual content of the message.

7.5 Conclusion

The experiments carried out in the present thesis are an attempt to comprehensively in-

vestigate the different effects of filled pauses at the processing and interpretation levels of

speech comprehension. The novelty of this research was to consider both the character-

istics of who speaks and who listens (via linguistic background) as additional parameters

in the effects of disfluent speech comprehension both at the level of predictive processing
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and meaning interpretation. The results of the experimental work presented here support

an account whereby these effects are the outcome of language users’ experience with lan-

guage: Exposure to disfluency leads to the creation of an association between filled pauses

and elements that contextually co-occur with them, learning that may have its roots in

comprehenders’ ability to monitor their interlocutors. In this sense, this association is

just the routinisation of a repeated inference about the speaker.
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Appendix A

Supplementary materials Experiments

1 and 2

A.1 Experiment 2 participants’ linguistic profile

In Experiment 2, participants completed an adapted version of the Language Experience

and Proficiency Questionnaire (LEAP-Q, Marian et al., 2007), with additional questions

on language use (de Bruin, 2019). Here we report participants’ reported measures for

English.
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Table A.1

Participants’ answers to the Language Experience and Proficiency Questionnaire (LEAP-
Q). Self-reported ages of acquisition, fluency, communicative use and years spent learning
English by speaker condition. Participants the how they acquired English, as well as its
relative position out of all the languages they spoke.

Native Speaker Non-native Speaker

Age of Acquisition 7.48 (2.78) 6.89 (2.74)

Age of Fluency 15 (4.18) 16.5 (4.83)

Age of Communicative Use 14.3 (4.22) 15.3 (4.47)

Years Spent learning English (in years) 13.9 (5.3) 13.1 (4.71)

Mode of Acquisition

Formal instruction = 17

Interaction = 3

Mixture = 28

Formal instruction = 9

Mixture = 39

Order of English

Second language: 38

Third language: 9

Forth language: 1

Second language: 39

Third language: 9
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Table A.2

Self-reported reported percentages of use of English (relative to the other languages spoken)
in childhood, adolescence, and currently. The bottom panel depicts self-reported use of
English (on a 10-point scale, 0: never, 10: always) across different contexts currently.
Code-switch refers to participants’ reporting of switching between English and any other
language they speak.

Native Speaker Non-native Speaker

Percentage of use in childhood 7.01 (10.4) 5.39 (9.42)

Percentage of use in adolescence 25.1 (17.4) 19.3 (13.6)

Percentage of use currently 57.9 (21.5) 56.4 (18.7)

Interactions with family 0.63 (1.62) 0.73 (1.94)

Interactions with friends 7.15 (3.16) 7.02 (2.71)

Media 7.42 (2.37) 6.79 (3.17)

Music 7.67 (2.32) 7.04 (2.89)

Reading 8.65 (1.83) 8.52 (2.12)

Studying 9.97 (0.83) 9.06 (2.27)

Class 8.29 (2.42) 8.67 (2.32)

Flatmates 6.04 (4.24) 6.79 (4.09)

Code-switch

Yes = 42

No = 5

Rarely = 1

Yes = 45

No = 2

Rarely = 1
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A.2 Visualization of eye-movements

A.2.1 Experiment 1: Visualization of raw probabilities in the

integration time window

Figure A.1. Mean proportion of fixations on target (red: low-frequency, orange: high-

frequency), by manner of delivery (dashed line: fluent, solid line: disfluent) and speaker’s

linguistic background (native/non-native), over time centred at noun onset. Proportions

were calculated out of the sum of fixations towards either object for each 20-ms time bin

from target onset to 760 ms post-target onset. Shaded areas represented ± 1 standard

error of the mean.
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A.2.2 Experiment 2: Visualization of raw probabilities in the

prediction time window

Figure A.2. Mean proportion of fixations to high- (orange line) and low-frequency (red

line) items in fluent utterances by speaker’s linguistic background (native/non-native)

over time. Proportions were calculated out of the sum of fixations towards either object

for each 20-ms time bin. Shaded areas represent ± 1 standard error of the mean.

Figure A.3. Mean proportion of fixations to high- (orange line) and low-frequency (red

line) items in disfluent utterances by speaker’s linguistic background (native/non-native)

over time. Proportions were calculated out of the sum of fixations towards either object

for each 20-ms time bin. Shaded areas represent ± 1 standard error of the mean.
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A.2.3 Experiment 2: Visualization of raw probabilities in the

integration time window

Figure A.4. Mean proportion of fixations on target (red: low-frequency, orange: high-

frequency), by manner of delivery (dashed lines: fluent, solid lines: disfluent) and

speaker’s linguistic background (native/non-native), over time centred at noun onset.

Proportions were calculated out of the sum of fixations towards either object for each

20-ms time bin from target onset to 760 ms post-target onset. Shaded areas represented

± 1 standard error of the mean.
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A.3 Comparison between populations

A.3.1 Eye movements: Prediction time window

Table A.3 depicts the estimated parameters for two models (one per manner of delivery)

exploring whether there were differences between participants in Experiment 1 and par-

ticipants in Experiment 2 prior to target onset. The models’ specifications are described

in 4.4.1.
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Table A.3

Estimated parameters of two mixed effects logistic regression models (one per manner
of delivery) on the for the low-frequency target advantage, with fixed effects of speaker’s
linguistic background (native coded as 0, non-native as 1), experiment (Experiment 1
coded as 0, Experiment 2 as 1), a linear and a quadratic time components, and their
interactions. Time window of analysis spanned from ‘the’ onset to 200 ms post-target
onset.

Estimate Std.Error t-value

Fluent utterances

Intercept -0.05 0.08 -0.53

Linear Time 0.02 0.09 0.23

Quadratic Time -0.00006 0.0003 -0.22

Non-native Speaker 0.04 0.11 0.37

Non-native Speaker * Linear Time 0.003 0.12 0.02

Non-native Speaker * Quadratic Time -0.000008 0.0003 -0.02

Experiment 2 0.11 0.08 1.32

Experiment 2 * Linear Time -0.03 0.13 -0.23

Experiment 2 * Quadratic Time 0.00007 0.0004 0.20

Non-native Speaker * Experiment 2 -0.18 0.11 -1.64

Non-native Speaker * Experiment 2 * Linear Time 0.24 0.17 1.39

Non-native Speaker * Experiment 2 * Quadratic Time -0.0006 0.0005 -1.16

Disfluent utterances

Intercept 0.11 0.06 1.87

Linear Time -0.12 0.02 -6.31

Quadratic Time 0.00009 0.00002 5.26

Non-native Speaker -0.08 0.08 -0.98

Non-native Speaker * Linear Time 0.11 0.03 4.22

Non-native Speaker * Quadratic Time -0.00007 0.00002 -3.09

Experiment 2 -0.09 0.06 -1.52

Experiment 2 * Linear Time 0.12 0.03 4.68

Experiment 2 * Quadratic Time -0.0001 0.00003 -4.42

Non-native Speaker * Experiment 2 0.14 0.08 1.73

Non-native Speaker * Experiment 2 * Linear Time -0.18 0.04 -5.12

Non-native Speaker * Experiment 2 * Quadratic Time 0.0001 0.00003 4.36
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A.3.2 Eye movements: Word recognition

Table A.4 depicts the estimated parameters for two models (one per manner of delivery)

exploring whether there were differences between participants in Experiment 1 and par-

ticipants in Experiment 2 prior to target onset. The models’ specifications are described

in 4.4.2.
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Table A.4

Estimated parameters of a mixed-effects model for target preference measured as empirical logits in a time window of analysis from target
onset to 760 ms post-target onset, with speaker’s linguistic background (native coded as 0, non-native coded as 1), target frequency (high-
frequency coded as 0, low-frequency as 1), manner of delivery (fluent coded as 0, disfluent as 1), experiment (Experiment 1 coded as 0,
Experiment 2 coded as 1), a linear and a quadratic time component, and their interactions.

Estimate Std.Error t-value Estimate Std.Error t-value
Intercept -0.14 0.07 -2.12 Experiment 2 -0.08 0.06 -1.24
Linear Time 0.17 0.04 3.91 Linear Time * Experiment 2 -0.06 0.06 -0.99
Quadratic Time 0.0005 0.0001 8.94 Quadratic Time * Experiment 2 0.0001 0.0001 1.28
Low-frequency 0.02 0.07 0.30 Low-frequency * Experiment 2 0.33 0.07 4.75
Low-frequency * Linear Time -0.20 0.06 -3.35 Low-frequency * Experiment 2 * Linear Time -0.21 0.08 -2.53
Low-frequency * Quadratic Time 0.0002 0.0001 3.12 Low-frequency * Experiment 2 * Quadratic Time 0.0001 0.0001 0.68
Disfluent -0.03 0.07 -0.36 Disfluent * Experiment 2 0.42 0.07 6.05
Disfluent * Linear Time -0.12 0.06 -1.98 Disfluent * Experiment 2 * Linear Time -0.20 0.08 -2.32
Disfluent * Quadratic Time 0.0002 0.0001 2.65 Disfluent * Experiment 2 * Quadratic Time 0.0001 0.0001 0.77
Low-frequency * Disfluent -0.12 0.07 -1.79 Low-frequency * Disfluent * Experiment 2 -0.22 0.10 -2.23
Low-frequency * Disfluent * Linear Time 0.29 0.08 3.40 Low-frequency * Disfluent * Experiment 2 * Linear Time 0.14 0.12 1.15
Low-frequency * Disfluent * Quadratic Time -0.0003 0.0001 -3.20 Low-frequency * Disfluent * Experiment 2 * Quadratic Time -0.0001 0.0002 -0.73
Non-native Speaker 0.15 0.08 1.85 Non-native Speaker * Experiment 2 0.12 0.09 1.39
Non-native Speaker * Linear Time -0.37 0.06 -6.10 Non-native Speaker * Experiment 2 * Linear Time 0.01 0.08 0.09
Non-native Speaker * Quadratic Time 0.0004 0.0001 5.81 Non-native Speaker * Experiment 2 * Quadratic Time -0.0002 0.0001 -1.45
Low-frequency * Non-native Speaker 0.02 0.07 0.27 Low-frequency * Non-native Speaker * Experiment 2 -0.37 0.10 -3.82
Low-frequency * Non-native Speaker * Linear Time 0.20 0.08 2.41 Low-frequency * Non-native Speaker * Experiment 2 * Linear Time 0.22 0.12 1.86
Low-frequency * Non-native Speaker * Quadratic Time -0.0004 0.0001 -3.38 Low-frequency * Non-native Speaker * Experiment 2 * Quadratic Time -0.00002 0.0002 -0.13
Disfluent * Non-native Speaker -0.004 0.10 -0.04 Disfluent * Non-native Speaker * Experiment 2 -0.47 0.10 -4.80
Disfluent * Non-native Speaker * Linear Time 0.04 0.08 0.53 Disfluent * Non-native Speaker * Experiment 2 * Linear Time 0.36 0.12 3.04
Disfluent * Non-native Speaker * Quadratic Time -0.0001 0.0001 -0.99 Disfluent * Non-native Speaker * Experiment 2 * Quadratic Time -0.0002 0.0002 -1.57
Low-frequency * Disfluent * Non-native Speaker 0.20 0.10 2.04 Low-frequency * Disfluent * Non-native Speaker * Experiment 2 0.12 0.14 0.84
Low-frequency * Disfluent * Non-native Speaker * Linear Time -0.17 0.12 -1.43 Low-frequency * Disfluent * Non-native Speaker * Experiment 2 * Linear Time -0.16 0.17 -0.93
Low-frequency * Disfluent * Non-native Speaker * Quadratic Time 0.0002 0.0002 1.49 Low-frequency * Disfluent * Non-native Speaker * Experiment 2 * Quadratic Time 0.0001 0.0002 0.57
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Supplementary materials Experiments

3 and 4

B.1 Experiment 3: Visualization of the referent disad-

vantage

In Experiment 3, we modelled the referent disadvantage via empirical logits. The figured

below depict this pattern for fluent and disfluent utterances.
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Figure B.1. Fluent utterances: Mean referent disadvantage by speaker’s linguistic back-

ground (native/non-native). The referent disadvantage was calculated in empirical logits,

where positive values indicate a preference to fixate on the distractor, and negative values

index a preference to fixate on the referent. Shaded areas represent ± 1 standard error

of the mean.
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Figure B.2. Disfluent utterances: Mean referent disadvantage by speaker’s linguistic

background (native/non-native). The referent disadvantage was calculated in empirical

logits, where positive values indicate a preference to fixate on the distractor, and negative

values index a preference to fixate on the referent. Shaded areas represent ± 1 standard

error of the mean.

B.2 Experiment 4 participants’ linguistic profile

In Experiment 4, participants completed an adapted version of the Language Experience

and Proficiency Questionnaire (LEAP-Q, Marian et al., 2007), which included additional

questions on language use (de Bruin, 2019). They also completed five questions from

Bachman and Palmer (1989) wherein participants reported their abilities and difficulties

to use English for communicative purposes. All the data, as well as questionnaires, can

be found at https://osf.io/zfjtw/. Here we report participants’ reported measures for

English.
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Table B.1

Self-reported ages of acquisition, fluency, communicative use and years spent learning
English by speaker condition. Participants the how they acquired English, as well as its
relative position out of all the languages they spoke.

Native Speaker Non-native Speaker
Age of Acquisition (in years) 6.43 (2.46) 7.12 (2.39)
Age of Fluency 14.36 (4.10) 14.75 (3.91)
Age of Communicative Use 13.82 (4.40) 14.69 (5.28)
Years Spent learning English 14.5 (5.28) 14.38 (4.01)

Mode of Acquisition Formal instruction = 5
Mixture = 20

Formal instruction = 11
Mixture = 20
Other = 1

Order of English
Second language: 20
Third language: 7
Forth language: 1

Second language: 39
Third language: 9

Table B.2

Self-reported reported percentages of use of English (relative to the other languages spoken)
in childhood, adolescence, and currently. The bottom panel depicts self-reported use of
English (on a 10-point scale, 0: never, 10: always) across different contexts currently.

Native Speaker Non-native Speaker
Percentage Use Childhood 10.36 (13.63) 6.19 (7.66)
Percentage Use Adolescence 35.46 (27.8) 22.12 (20.47)
Percentage Use Currently 72.57 (17.61) 54 (19.74)
Interactions with family 0.37 (0.63) 1.38 (2.54)
Interactions with friends 8.56 (1.65) 6.94 (2.95)
Media 7.93 (2.79) 7 (2.87)
Music 8.22 (2.14) 6.94 (2.59)
Reading 8.89 (1.25) 7.75 (1.97)
Studying 8.74 (2.65) 9.12 (1.29)
Class 7.59 (3.59) 7.91 (2.36)
Flatmates 7 (3.75) 5.5 (3.89)

B.3 Experiment 4: Visualization of the referent disad-

vantage

In Experiment 4, we modelled the referent disadvantage via empirical logits. The figured

below depict this pattern for fluent and disfluent utterances.
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Figure B.3. Fluent utterances: Mean referent disadvantage by speaker’s linguistic back-

ground (native/non-native). The referent disadvantage was calculated in empirical logits,

where positive values indicate a preference to fixate on the distractor, and negative values

index a preference to fixate on the referent. Shaded areas represent ± 1 standard error

of the mean.
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Figure B.4. Disfluent utterances: Mean referent disadvantage by speaker’s linguistic

background (native/non-native). The referent disadvantage was calculated in empirical

logits, where positive values indicate a preference to fixate on the distractor, and negative

values index a preference to fixate on the referent. Shaded areas represent ± 1 standard

error of the mean.

B.4 Generalised Additive Mixed Models

As eye-tracking data is almost always non-linear (Porretta et al., 2018) and autocorre-

lated, gaze preference for the referent was modeled using Generalized Additive Mixed

Models (GAMMs). GAMMs allow us to model non-linear trends over time, via smooth

functions, i.e., a weighted sum of a set of base functions, each having a different shape

(van Rij et al., 2016; Toth et al., 2019). Importantly, we wanted to model both the dif-

ference between the fluent and disfluent conditions for each speaker and assess whether

these differential patterns were distinguishable from each other: That is, if our listeners
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significantly differ in how they interpret fluent versus disfluent utterances from native

and non-native speakers.

GAMMs allow us to model non-linear trends over time, via smooth functions, i.e.,

a weighted sum of a set of base functions, each having a different shape (van Rij et al.,

2016; Toth et al., 2019). GAMMs present additional advantages over more traditional

analyses of eye-tracking data. Firstly, GAMMs can account for the characteristic non-

linearity of eye-tracking data (Porretta et al., 2018). Additionally, GAMMs can account

for autocorrelations in data. Given the nature of eye movements, wherein the position

of a fixation at time t depends on its position at time t-1, including this autocorrelative

process in our model protects against anti-conservative p-values (De Cat et al., 2015).

GAMMs also allow us to directly determine the model’s random effects structure using

significance testing, alleviating the need for model comparison (Wieling, 2018).

In order to understand how manner of delivery and speaker’s linguistic background

impact the timecourse of fixations over time, we followed the analysis of model 9b.bin

in Wieling (2018). Our model included ordered factor difference smooths to account for

constant differences via parametric effects and separate them from the smooth differences.

Ordered factor difference smooths allow us to investigate how the difference in

empirical logits over the two displayed items (i.e., the referent and the distractor, wherein

positive values represent preference over the distractor, and negative values represent

preference over the referent) differs between conditions over time. These smooths do so

by fitting K-1 centred smooths (where k are the levels of the factor): each smooth models

the difference between the smooth for the reference level and the K-th level of a given

factor (King et al. 2020). Importantly, we wanted to model both the difference between

the fluent and disfluent conditions for each speaker and assess whether these differential

patterns were distinguishable from each other: i.e., if our listeners significantly differ in

how they interpret fluent versus disfluent utterances from native and non-native speakers.

Therefore, we conducted two models (one for Experiment 3 and another for Experiment

4) to assess time differences in eye movements for each population.
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Following Wieling (2018), each model included two reference levels for each speaker:

one constant effect modeled by a parametric effect, and one thin-plate smooth. We in-

cluded two ordered factor difference smooths (using thin-plate regressions) to separate

any constant and non-linear differences. One ordered difference smooth modelled the

difference between fluent-disfluent contrast for the native speaker, while the second or-

dered difference smooth represented the difference between the native and non-native

fluent-disfluent contrast. These two ordered factor difference smooths can be summed

for each condition (i.e., speaker’s linguistic background and manner of delivery) to ob-

tain the non-native fluent-disfluent contrast. For a more in-depth discussion of how the

smooths in this model can be summed to obtain the smooth per each condition, we refer

to Wieling (2018).

By-participant and by-item random intercepts and slopes can be modelled via

shrunk factor smooths as non-linear equivalents. Our model included non-linear random

smooths for participants by fluency over time, and non-linear random smooths for items

by nativeness and fluency separately over time. Finally, the model included an AR(1)

error model for the residuals. Models were fit with the mgcv package (version 1.8.33;

Wood, 2004, 2017), and visualizations with the itsadug package (version 2.4.; van Rij et

al., 2020).

B.4.1 Model results

Table B.3 reports the parametric coefficients (i.e., constant changes) and smooth terms

(i.e., non-linear changes) for a Generalised Additive Mixed Model in Experiment 3. The

model showed a constant linear increase in the referent disadvantage (i.e., a preference to

fixate on the distractor) when the native speaker was disfluent (β = 0.15, SE = 0.04, t

= 3.57, p <.001), a pattern that did not differ for those listening to a non-native speaker

being disfluent (β = 0.005, SE = 0.06, t = 0.08, p-value = 0.94). The difference between

fluent and disfluent for the native speaker was significant over time and non-linear (edf

= 1.66, F = 7.60, p < .001). This contrast, however, did not differ from that of the

non-native speaker (edf = 1.02, F = 3.47, p = 0.06).
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Table B.3

Results of a Generalised Linear Mixed Model for the referent disadvantage, in a time
window from target-onset to 800 ms post-target onset, for native listeners.

Parametric coefficients Estimate Std.Error t-value p-value

Intercept -0.27 0.04 -6.46 <.001

Non-native Speaker 0.02 0.08 0.26 0.80

Native Speaker, Disfluent 0.15 0.04 3.57 <.001

Non-native Speaker, Disfluent 0.005 0.06 0.08 0.94

Smooth terms edf Ref.df F-value p-value

s(time):Native Speaker 5.90 6.67 9.50 <.001

s(time):Non-native Speaker 6.91 7.54 9.10 <.001

s(time):Native Speaker, Disfluent 1.66 1.87 7.60 <.001

s(time):Non-native Speaker, Disfluent 1.02 1.02 3.47 0.06

s(time,subject):Fluent 562.15 1150.00 1.03 <.001

s(time,subject):Disfluent 562.91 1150.00 1.04 <.001

s(time,item):Fluent 64.11 179.00 0.62 <.001

s(time,item):Disfluent 47.84 179.00 0.39 <.001

s(time,item):Native 53.98 179.00 0.79 <.001

s(time,item):Non-native 73.39 179.00 0.79 <.001

Table B.4 reports the results for non-native listeners (i.e., Experiment 4). Similar

to Experiment 3, there was a constant linear increase in the referent disadvantage follow-

ing disfluencies produced by a native speaker (β = 0.19, SE = 0.06, t = 2.96, p-value =

0.003), a pattern that did not differ for filled pauses produced by the non-native speaker

(β = -0.04, SE = 0.09, t = -0.46, p-value = 0.64). The model likewise showed a significant

non-linear difference between fluent and disfluent utterances for the native speaker (edf

= 1.00, F = 5.00, p = 0.03), which did not differ for the non-native speaker (edf = 1.01,

F = 1.92, p = 0.17).



Appendix B. Supplementary materials Experiments 3 and 4 274

Table B.4

Results of a Generalised Linear Mixed Model for the referent disadvantage, in a time
window from target-onset to 800 ms post-target onset, for non-native listeners.

Parametric coefficients Estimate Std.Error t-value p-value

Intercept -0.29 0.05 -5.46 <.001

Non-native Speaker 0.07 0.10 0.63 0.53

Native Speaker, Disfluent 0.19 0.06 2.96 0.003

Non-native Speaker, Disfluent -0.04 0.09 -0.46 0.64

Smooth terms edf Ref.df F-value p-value

s(time):Native Speaker 4.88 5.68 5.30 <.001

s(time):Non-native Speaker 6.14 6.94 5.80 <.001

s(time):Native Speaker, Disfluent 1.00 1.01 5.00 0.03

s(time):Non-native Speaker, Disfluent 1.01 1.01 1.92 0.17

s(time,subject):Fluent 284.97 574.00 1.05 <.001

s(time,subject):Disfluent 269.90 574.00 0.95 <.001

s(time,item):Fluent 51.42 179.00 0.44 <.001

s(time,item):Disfluent 53.59 179.00 0.45 <.001

s(time,item):Native 39.03 179.00 0.43 <.001

s(time,item):sNon-native 39.74 179.00 0.29 <.001
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