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Abstract 

 
 

This thesis explores what it is that makes a voice ‘mine’. It examines the influence of 

ownership over a new voice, personal choice in selecting it, and agency in using it on 

whether an unfamiliar voice is processed as ‘self’. Experiment 1 shows that an 

unfamiliar voice can become associated with the self through ownership and 

subsequently prioritised in perception as a self-relevant stimulus. Experiment 2 shows 

that this perceptual prioritisation – and so self-bias – is not increased if the new self-

voice is more representative of the self. However, Experiment 3 shows that bias is 

influenced by personally choosing the self-voice. Experiments 4 and 5 show that 

people also experience a greater sense of agency over a new voice that they own 

relative to a voice that is other-owned, which supports the finding that a new voice has 

become part of the self-concept. Experiment 6 demonstrates that self-bias for the true 

self-voice remains greater than bias for a new voice but, conversely, sense of agency 

is similar for the two. Experiment 7 shows that the greater bias for the true self-voice 

is diminished when that voice is presented as being owned by an ‘other’. Moreover, 

under these conditions, participants retain a greater sense of agency over a new self-

voice relative to the true self-voice. Experiments 8 and 9 then show that the bias for a 

new self-voice does not extend to better memory for information expressed in that new 

voice. Finally, Experiment 10 shows that using a new self-voice via text-to-speech 

technology does not influence the degree to which that voice is perceptually prioritised, 

nor the sense of agency experienced over it. Overall, this thesis demonstrates that it 

is the knowledge that a new voice is self-owned and so ‘mine’ that quickly and 

pervasively shapes perceptual processing and sense of agency.   
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Impact Statement 

This thesis provides the first behavioural investigation into the possibility of 

incorporating a new voice into the self-concept. The implications of this work are both 

academic and applied. First, I demonstrate that a complex biological stimulus that 

objectively belongs to another person (i.e., their voice) can immediately acquire self-

relevance through a sense of ownership over that voice. In becoming self-relevant, 

the way in which that voice is processed is fundamentally altered; it is prioritised in 

perception over the voices of others. Moreover, having ownership over a voice affects 

the sense of agency people feel over it; when a self-owned voice is heard as the 

outcome to self-action, the time between that action and its outcome is more 

compressed than when the outcome is not self-relevant. This influence of ownership 

on processing occurs robustly, despite the ownership being arbitrary and transient.  

 

This contributes to our understanding of the pervasive influence of ‘the self’ – and what 

is deemed relevant to the self through ownership – on our wider processing. 

Particularly, it furthers our understanding of the factors that allow stimuli to be 

dynamically marked as self-relevant or not; ownership alone is sufficient for the 

integration of a new voice into the self-concept. However, I also show that having 

personal choice over which voice to select or reject as a new self-voice can also 

modulate processing. Voices that are rejected as ‘self’ are comparatively deprioritised 

and deemed less relevant. The studies within this thesis additionally show that the 

similarity of physical properties between a new voice and its owner does not make a 

voice any more self-relevant, nor does the ability to have control and agency in using 

it.  

 

This insight into the factors that enable a new voice to be perceived as ‘self’ can inform 

the latest developments in voice synthesis technologies and, particularly, benefit the 

design and selection of individuated voices used within assistive communication 

devices. People who lose the ability to speak with their biological voice (e.g., people 

with motor neurone disease / ALS) can come to rely on such devices as a new means 

of self-expression. However, they often report that in losing their self-voice, they feel 

a loss in their sense of self. This research suggests that by giving people ownership 

of a new bespoke voice, they may gain a voice that can become uniquely ‘theirs’. This 
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ownership may allow that voice to become part of the self-concept and be processed 

as a self-voice. Moreover, the opportunity to choose or reject which voice to own may 

give people agency in choosing ‘what is self’ and what is not. This choice can alter the 

way in which those voices are subsequently perceived. Overall, this body of work 

significantly furthers our understanding of the flexibility of the self-concept, the 

influence of self-relevance on processing and may benefit people who need to 

incorporate a new auditory identity into their concept of self.  
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1 General Introduction 

 
“Being human means being conscious of having a self and the nature of self is central 
to what it means to be human” 

- (Oyserman, 2001, p. 499). 
 

“The human voice is an embodiment of self…contributing to the mutual exchange of 
self, consciousness, inner life, and personhood.” 

          -       (Sidtis & Kreiman, 2012, p. 146) 

1.1 The self-concept  

The self is a multifaceted construct, and one that is central to our cognition. Each 

person’s concept of self is comprised of a wealth of information: information related to 

our bodies, our subjective personality traits, values and beliefs, competence and 

successes, even the social roles we play and the possessions we own (Mittal, 2006; 

Belk, 1988).  Thus, the self is not only defined by the physical self – what we look like, 

sound like, or our bodily motion – but rather by an array of self-knowledge that is built, 

maintained, and updated by interaction with our external environment.  

 

Necessarily then, the boundaries of the self are fluid (Heersmink, 2020) such that we 

are able to accommodate new influences and information within the self-concept. This 

is essential if we are to be able to shift our understanding and recognition of self over 

time, perhaps as our appearance changes as we age, or we become more or less 

able-bodied, as we update our socio-political beliefs or the in-groups we feel we belong 

to. The self-concept can – and must – accommodate shifts in biological, artefactual 

(i.e., possessions), and sociocultural structures (Heersmink, 2020). To this end, we 

are all “soft selves, wide open to new forms of hybrid cognitive and physical being” 

(Clark, 2007, pg.279). 

 

The flexibility of self-representation is evident from studies such as the Rubber Hand 

Illusion (Botvinick & Cohen, 1998; see also the enfacement illusion, Sforza, Bufalari, 

Haggard, & Aglioti, 2010; Tsakiris, 2008). In such studies, the participant positions 

their arm and hand out on a surface in front of them and these are obscured from view. 

A rubber hand is then placed on the same surface such that it is visible and positioned 
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congruently with the body. Both the rubber hand and the biological hand are then 

stroked simultaneously by an experimenter so that the participant can see the tactile 

movement on the rubber hand only. The synchronicity between the visual and tactile 

cues is sufficient for participants to then perceive the rubber hand as part of their bodily 

self; participants feel as if it is their own hand. Indeed, if they perceive a threat or 

potentially painful stimulation to the rubber hand, they will react (withdraw) as if the 

incoming danger could affect them.  

 

This effect relies on the fact that the sensory information (i.e., visual cues and tactile 

stimulation) occurs within the space immediately surrounding the body. The self-

concept includes representation of this space, called the peripersonal space (Brozzoli, 

Makin, Cardinali, Holmes, and Farnè, 2011). This is the space within which we can 

reach, and be reached by, external entities (Rabellino, Frewen, McKinnon, & Lanius, 

2020). Monitoring this space, via incoming multisensory stimuli occurring on or close 

to the body, helps us to avoid colliding with other entities (de Haan et al., 2016) and 

guides the grasping of objects (Brozzoli, Claudio, Pavani, et al., 2009). Importantly, 

multisensory integration is enhanced within this space such that the visual feedback 

of tactile stimulation on the rubber hand is sufficient to generate an illusory feeling of 

self-ownership over the hand. 

 

Relatedly, the remit of this peripersonal space can be permanently extended by the 

frequent use of tools or external objects (Serino et al., 2007; Biggio, Bisio, Avanzino, 

Ruggeri, & Bove, 2020). For instance, tennis players’ representation of this self-space 

is extended – relative to non-tennis players – to include their racket (Biggio et al., 

2017). This extension is evident in behavioral measures and is also represented 

neurally, with structural and functional changes to the brain (Fourkas et al., 2008; Di 

et al., 2012). Critically though, this self-space only extends to objects that we have 

ownership over (Patané, Brozzoli, Koun, Frassinetti, & Farnè, 2021).  

 

Indeed, anything that we come to self-own (Belk, 1988; Mittal, 2006;) or have agency 

in controlling becomes – at least transiently – incorporated into part of the self. This 

need not be a physical extension of the self as in the peripersonal space but, more 

simply, anything that we have a feeling of “mineness” over (Gallager, 2000), i.e. “This 
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is ‘my’ voice”, “That is ‘my’ theory”, or “I ‘own’ that car”. Thus, we have a sense of 

ownership in relation to stimuli that comprise the self-concept. Further, we are typically 

able to act on, and exert control over, the things that we own. According to Gallager 

(2000) a sense of agency is also central to the self-concept. The sense of agency 

refers to the feeling of being an agent that exerts influence on the external 

environment.  For instance, the judgement that “I moved my arm”, “I swung my 

racket,”. In other words, it is the feeling of authorship over the outcomes we have – or 

believe we have had – control over (see Braun, Debener, Spychala et al., 2018 for 

review). Sense of agency helps us to distinguish which sensory stimuli we ourselves 

have caused from those that are externally generated, and thus is essential in 

differentiating self from other. Therefore, the sense of ownership and sense of agency 

are key mechanisms through which we both construct and experience what is self and 

what is not self (Gallager, 2000; Haggard et al., 2002; Braun, Debener & Spychala et 

al., 2018). These key concepts are discussed further in Chapters 2 (ownership) and 3 

(agency).  

1.2 Biases for ‘self’ 

Although what is, and what is not, ‘self’ can be continually and flexibly constructed, the 

self-concept – as a cognitive structure – functions as a stable anchor point (Oyserman, 

2001). Further it is an anchor point that influences how we perceive and act on the 

external world. Thus, what constitutes the self may be dynamically constructed, but 

whatever content currently comprises the self can influence – and bias – on-going 

information processing. Indeed, the self-concept “serves to bolster the stability of its 

components via enhanced stimulus processing” (Golubickis, et al., 2019, pg. 34). For 

instance, previous studies have shown that cognitive processes underlying attention 

(Shapiro et al., 1997; Tacikowski & Nowicka, 2010; Truong & Todd, 2017), perception 

(Sui et al., 2012; Constable, Welsh, Huffman, & Pratt, 2019), judgement (Mezulis, 

Abramson, Hyde, & Hankin, 2004; Hughes and Harrison, 2003), decision making (Li, 

Zhu, Ding, Ren, & Luo, 2019), and memory (Cunningham et al., 2008; Conway & 

Pleydell-Pearce, 2000) are all influenced by the self-relevance of information. This 

manifests as quicker recognition (Devue & Brédart, 2011; Ma & Han, 2010), faster rate 

of learning (Veldhuis, 2019), better memory (Brédart, 2016; Cunningham, Turk, 

McDonald, & Macrae, 2008; Kesebir & Oishi, 2010) and more positive judgements 
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(Mochon, Norton, & Ariely, 2012; Repp & Knoblich, 2004) for self-relevant information 

compared to information related to others.  

 

1.2.1 Ownership 

Importantly though, what is deemed self-relevant will change from moment to moment 

according to the currently salient content comprising the self-concept (Oyserman, 

Elmore, & Smith 2012). As such, new external stimuli can become relevant to the self-

concept, particularly through ownership. Taking ownership of something affords it 

status as a self-relevant stimulus and it is, thereafter, processed preferentially with 

bias. For example, if people are told they have a theory about an abstract concept 

while another person has an opposing theory, people will be more likely to believe and 

endorse their ‘own’ theory, simply because it belongs to them (Gregg, Mahadevan, 

and Sedikides, 2017). People also judge items they own more positively (Huang, 

Wang, Shi, 2009) and value them more highly than identical objects owned by others 

(Dommer and Swaminathan, 2013). Interestingly, the value increases according to the 

duration of the ownership (Strahilevitz & Loewenstein, 1998).  

 

This bias also affects perceptual processing. Specifically, people are faster at 

identifying objects that they own and also in making judgements about whether they 

are self-owned or not. For instance, Falbén, et al. (2019) assigned participants either 

a pen or a pencil to own, while a ‘friend’ was assigned the other object. At test, 

participants were shown an object onscreen and were asked to make speeded 

judgements pertaining to ownership and object identity. In one block, participants 

judged whether the object belonged to them or to the friend while, in another block, 

they judged whether the object was a pen or a pencil. In both instances, the object 

that participants had been given ownership over was reacted to faster than the other-

owned object. This effect is known as the self-prioritisation effect (Sui et al., 2012), 

which is expanded upon in Chapter 2.  

 

Furthermore, the bias for self-owned items is evident in memory. Specifically, 

Cunningham et al. (2008, see also Van den Bos et al., 2010) gave people ownership 

of various food items by placing them into a shopping basket assigned to them. Each 

item was represented pictorially so ownership was imaginary, arbitrary and temporary. 
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Despite this, in a surprise recall test, participants showed a memory advantage for the 

items they owned relative to the items that had been put into another’s basket and 

were therefore other-owned. 

 

1.2.2 Choice 

Interestingly, this memory advantage is increased if the objects are not only self-

owned but personally chosen (Cunningham, Brady-Van den Bos & Turk, 2011). That 

is, items that people personally choose to take ownership of are better remembered 

than items they are randomly assigned ownership of. On the one hand, chosen items 

are likely to be more congruent with information currently comprising the self-concept, 

i.e. an item will be chosen because it is in line with personal tastes and preferences. 

However, previous studies have shown that having a choice is, itself, inherently 

rewarding (Leotti & Delgado, 2015). Further, the relationship between self and choice 

is bidirectional; people make choices in line with their personal preferences and, in 

turn, their choices positively bias their preferences (Alós-Ferrer & Shi, 2015; Ariely and 

Norton, 2008). Thus, between two very similar items, people will prefer the object that 

they have chosen (Huang et al., 2009). The act of choosing – perhaps as a means of 

exerting ‘self’ within the external world – induces bias for the outcomes of those self-

made choices.  As Shang, Tao, & Wang (2016, p.2) write, ‘“my choice” is also a part 

of the self-concept’ and so that choice is intrinsically self-relevant and attributed bias. 

 

1.2.3 Agency 

The action of taking ownership and the action of choosing, can dynamically determine 

what is ‘self’ and what is self-relevant from what is not. Relatedly, the way in which the 

self physically interacts with external objects shapes how they are subsequently 

processed. Truong, Chapman, Chisholm, Enns, & Handy (2016) demonstrated that 

the saliency of an item is increased if it is physically moved closer to the self. Further, 

Huffman & Brockmole (2020), demonstrated that people’s attention was biased 

towards stimuli that they had agency over and were able to control. Participants were 

presented with moving visual stimuli (i.e., circles onscreen), a selection of which they 

had control over. In different trials, they had a different degree of control. The task 

required participants to make a key press when they perceived a change in the visual 

stimuli and the authors found that participants’ reaction times were significantly quicker 
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when it was the stimuli under their control that changed. Furthermore, the more agency 

participants had in controlling the stimulus, the more biased they were towards it in 

terms of attentional selection, as measured by decreasing reaction times. Functionally, 

it is understandable that people are biased towards things that they have agency over.  

Such a bias may help people to monitor the outcomes they have had agency in 

causing, and to ensure the outcome is what they intended (Hauf, Elsner, & 

Aschersleben, 2004). Relatedly, the entities people have agency in controlling tend 

also to be the entities that are self-owned (i.e., our bodies, our voice, our material 

possessions). Thus, a sense of ownership and sense of agency, though distinct, often 

coincide and are central to the self-concept.  

 

Overall then, the self-concept biases our cognitive processes towards what is self-

relevant. What is self-relevant can be dynamically extended by, and experienced 

through, what the self has ownership, choice, and agency over. Thus, as Oyserman 

(2001, pg. 500) writes:  

“The self-system is both an array of self-relevant knowledge, the tool 
we use to make sense of our experiences, and the processes that 
construct, defend and maintain this knowledge.” 

 

1.3 Neural correlates of self-bias 

The neural instantiation of self, and the breadth of self-relevant processing has long 

been under investigation and remains difficult to define. Previous studies have shown 

that the processes underlying self-bias are at least partially distinct from the familiarity 

of the stimulus (Sui et al., 2012) or its reward value (e.g., Yankouskaya et al., 2017) 

but whether there are neural processes specific to self-processing remains in 

question. Behaviourally, the biases for the self appear distinct across cognitive 

domains (i.e., memory, attention, perception). That is, the behavioral measures that 

are elicited across tasks are not typically correlated (Nijhof, Shapiro, Catmur, & Bird, 

2020), which suggests no common, domain-general bias.  

 

Notwithstanding, it is widely established in neuroimaging studies that self-referential 

processing is associated with the medial prefrontal cortex (mPFC), an area linked to 

self-representation (Kelley et al., 2002; Mitchell, Macrae, & Banaji, 2006). Specifically, 
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ventral regions of the mPFC are relatively more active for self-relevant processing 

compared to other-related processing (Benoit, Gilbert, Volle, & Burgess, 2010). 

Conversely, more dorsal regions of the mPFC are associated with other-relevant 

processing in comparison to self-relevant processing (Qin & Northoff, 2011; van der 

Meer et al., 2010). However, that is not to say that these areas are self- or other-

specific. Indeed, making judgements about other people that we perceive to be similar 

to ourselves activates the ventral regions significantly more than when we think about 

dissimilar others (Denny, Kober, Wager, & Ochsner, 2012). This suggests that the 

greater activation of more ventral regions of the mPFC is a function of a stimulus’ self-

relevance.  

 

Sui, Rothstein, and Humphreys (2013) have also shown that the facilitation of newly 

self-relevant stimuli in perception, is reflected in increased functional connectivity 

between the ventral medial prefrontal cortex (vmPFC) and the posterior superior 

temporal sulcus (pSTS), an area linked to social attention (Allison, Puce, McCarthy, 

2000; DiQuattro & Geng, 2011). Indeed, the coupling strength between vmPFC and 

pSTS is correlated with the degree to which self-relevant stimuli are facilitated in 

perception. In linking a neutral stimulus to self-representation, social salience for that 

stimulus is increased because its self-relevance is increased. As a stimulus’ self-

relevance increases, so too does activity in vmPFC (Sui, Rothstein, and Humphreys, 

2013; Humphreys & Sui, 2016). Thus, an external stimulus that becomes associated 

with the self via ownership does become part of the self-concept, at least in as far as 

it is processed as self-relevant.  

 

However, this coupling may be part of a much larger network. Given the multifaceted 

nature of the self, its neural underpinnings are likely to be widely distributed (Gusnard, 

Akbudak, Shulman, Raichle, 2001). Further, any such network must, necessarily, 

connect social, self-referential and high-level cognitive control processes. Currently, 

the most well-established network proposed to underlie the self and self-processing is 

the default mode network, which includes the medial prefrontal cortex (mPFC), the 

anterior (ACC) and posterior cingulate cortex (PCC), lateral and medial temporal 

lobes, and posterior inferior parietal lobule (pIPL). Within this network, the mPFC is 

posited to be a ‘social information hub’ (Meyer & Lieberman, 2018) that is repeatedly 
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coupled with other sources of socially-driven, self-relevant information. The vmPFC is 

thus an organiser of self-relevant knowledge, able to facilitate and prime access to 

such knowledge when it is needed (Meyer & Lieberman, 2018). According to Meyer & 

Lieberman (2018) it is essential that we are able to access self-relevant information at 

short notice to be successful in meeting social demands. Indeed, we can only 

successfully navigate social interactions if we understand the self and, further, 

understand the self in a complex social network (Meyer & Lieberman, 2018).  

1.4 The social construction of self 

It is broadly agreed that self-processing is socially motivated (Yin, Bi, Chen, Egner, 

2012) because, inherently, the concept of what is, and what is not, ‘self’ is socially 

constructed (Forgas and Williams, 2002; Northoff, 2013).  

 

In infancy, the boundaries of self and other are constructed in terms of the physical 

self; understanding that the self-body is separate and different to another’s body 

(Oyserman, 2001). Thereafter, as we come to interact with the environment, we 

continually redefine and renegotiate self and other according to social structures. For 

instance, a person may be perceived as being more distinct from the self – more 

‘other’ – if there are no shared values, beliefs or experiences (Oyserman, Elmore, & 

Smith, 2012). There is a wealth of evidence that has demonstrated that people are, 

in fact, biased towards preferring people they perceive to be similar to the self 

(Gerson, & Bekkering, & Hunnius, 2017; Mahajan & Wynn, 2012; Jones, Pelham, 

Carvallo & Mirenberg, 2004). Similar others are deemed to be more self-relevant than 

dissimilar others and so the bias for the self extends to them. In this way, people have 

a better memory for objects and information associated with people who are similar 

to them (Allan, Morson, Dixon, Martin, & Cunningham, 2017). Further, people find 

similar others (Jones, Pelham, Carvallo, & Mirenberg, 2004) and their voices (Peng, 

Wang, Meng, Liu, Hu, 2019) more attractive.  

 

Importantly then, people’s values, beliefs and experience – indeed peoples’ whole 

selves – can only be shared through interaction with others. One of the primary means 

by which this is achieved is through the use of the voice. The voice is an essential 

conduit through which people represent themselves. Relatedly, it is from listening to 
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other people’s voice that we infer their ‘self’. In this way, a person’s voice is central to 

their self-concept – to its construction, maintenance and expression. The importance 

of owning a self-voice and what this means for investigating the self and self-bias is 

explored further below.  

1.5 The self-voice 

Each person has a unique voice pattern that arises from both physical differences in 

their vocal apparatus and also from the flexibility with which it can be used (Scott & 

McGettigan, 2015). Thus, each person’s voice is idiosyncratically marked by aspects 

of self and, through the use of the voice, a person can share their ‘self’ with others.  

A substantial body of work has now demonstrated that a people can perceive a 

person’s sex (Puts, Gaulin, & Verdolini, 2006), age (Smith & Patterson, 2005), body-

size (Pisanki, 2014), physical strength (Sell et al., 2010) and health (Pribuisiene, 

Uloza, Kupcinskas, & Jonaitis, 2006) from an individual’s voice (Belin, Fecteau & 

Bédard, 2004; Kreiman & Sidtis, 2011; Mathias & von Kriegstein, 2014). Further, 

people can form an impression of a persons’ level of education, occupation, regional 

origin, ethnicity, and social status (for review, see Kreiman & Sidtis, 2011). Thus, a 

wealth of information that has contributed to the construction of the self-concept can 

be manifested in the voice – the ‘embodiment of self’ (Sidtis & Kreiman, 2012, p.146).  

 

It is understandable then how the voice has previously been referred to as an ‘auditory 

face’ (Belin, Bestelmeyer, Latinus, & Watson, 2011) given the similarity of person-

related information that may be perceived via face and voice. Indeed, people may also 

judge how extroverted (Scherer, 1978) or neurotic (Hu, Wang, Short, & Fu, 2012) 

someone is from the sound of their voice. Moreover, people can – and do – perceive 

social traits such as whether that person is trustworthy, attractive, intelligent, or 

dominant from very brief exposure to their voice (i.e., on hearing “Hello”) (McAleer, 

Todorov & Belin, 2014). Importantly, these judgements – often first impressions – can 

then bias subsequent decision-making and attitudes towards that person. For 

instance, people perceive whether a speaker sounds confident or not after as little as 

200ms (Jiang & Pell, 2015) and, if a speaker sounds confident, they are judged to be 

more believable (Jiang & Pell, 2017). Moreover, by association, those speakers are 

also perceived to be more intelligent and hold higher social status (Jiang, Gossack-
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Keenan, & Pell, 2019). Unsurprisingly then, judgements about a person’s voice can 

affect their chances of attaining employment (Schroeder & Epley, 2015) and, more 

broadly, can influence election outcomes (Banai, Laussten, Banai & Bovan, 2017). 

Thus, implicitly, judgements about a person’s voice – as a proxy measure of self – 

affect how successfully they can navigate the social world. It is critical that the voice 

portrays the self favourably or, at least, as the speaker would want to portray 

themselves.  

 

Although the self is represented by multiple modalities (self-face, bodily motion), the 

self-voice is the tool with which people have the most agency in controlling how it 

represents them. Unlike the self-face, which represents someone’s identity just by 

existing and being seen, the self-voice cannot exist passively. A voice always requires 

intentional action to exist (Scott and McGettigan, 2015) which, in part, is why it is so 

representative of that speaker: the existence of the self-voice demands purposeful 

behaviour to express oneself. A speaker can extensively and flexibility modify their 

voice to fulfill diverse communicative goals and this can be done dynamically, situation 

to situation (McGettigan et al., 2013; McGettigan & Scott, 2014). Thus, we can “adopt 

a variety of ‘selves’” (McGettigan, 2015, pg. 2) to signal aspects of our identity and 

represent the self appropriately, according to changes in social demands and the 

acoustic environment.   

 

For instance, even if the semantic content is equivalent, people’s use of their voice will 

differ according to whether they are speaking at a wedding or a funeral, talking to a 

grandparent, an infant, or a police officer (Lavan, Burton, Scott & McGettigan, 2018). 

Indeed, the flexibility of using the self-voice extends to nuanced and modified speaking 

styles dictated by whether a speaker is trying to convince, commiserate, motivate or 

defend their interlocutor, for instance. Guldner, Nees, & McGettigan, (2020) have 

recently shown that people are successful in modulating their voice to more strongly 

express certain social traits; listeners are sensitive to these modulations and perceive 

the voice as intended, for instance, as a voice that sounds confident or hostile. Thus, 

the voice is a tool with which people can navigate complex social contexts, presenting 

a self that is congruent with – and optimised to – the audience, the acoustic 

environment and their communicative goals.  
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The fact that voice is a means through which the self-concept is negotiated and 

expressed – particularly in relation to others – is illustrated through the phenomenon 

of vocal convergence. Often without being aware, people frequently converge their 

acoustic-phonetic pronunciation to merge with their interlocutor (Pardo, 2006). 

Previous studies have shown this convergence reflects, and helps to navigate, the 

social distance between people (Giles, Coupland, & Coupland, 1991) and may also 

increase affiliation between speakers (Pardo, Gibbons, Suppes, & Krauss, 2012). 

Indeed, the degree of phonetic convergence has been shown to be related to 

speakers’ feelings of social closeness (Pardo et al., 2012). Similar to how we can 

consciously modify our speaking style to fit a certain situation then, convergence is 

another illustration of how the self we present through voice is co-constructed 

according to the other.  

 

Overall, it is clear the self-voice is intrinsically tied to the self-concept as a means of 

constructing, maintaining and expressing what is self in relation to others. Indeed, the 

“voice is revelatory of ‘self’, mental states, and consciousness, and reflects both the 

speaker and the context in which the voice is produced,” (Sidtis and Kreiman, 2012, 

pg. 4). The importance of owning a voice and, further, of having agency in using that 

voice, becomes particularly apparent when the impact of vocal impairment or voice 

loss is considered. 

1.5.1 The importance of having a self-voice 

Vocal impairments or a reduction in vocal function can critically impact people 

physically, socially, and emotionally (Porcaro et al., 2021) For instance, vocal 

impairments arising from a reduction in lung function (i.e., after spinal cord injury, 

Nygren-Bonnier et al., 2011) can reduce someone’s ability to speak loudly. Thus, 

effective communication is jeopardized in noisy environments, when speaking across 

multiple talkers or when projecting the voice to give a presentation (Nygren-Bonnier et 

al., 2011; Ward, Jarman, Cornwell, & Amsters, 2016). This increases the vocal effort 

required, which can lead to frustration and anxiety at having to repeat oneself to be 

heard or understood (Johns, Arviso, & Ramadan, 2011). Similarly, people judge a 

quieter, aging voice to be weaker and this judgement can affect how the whole “self” 

is perceived. Montepare, Kempler, & McLaughlin-Volpe (2014) found that more elderly 
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speakers were judged to be less powerful and less engaged because of their aging 

voice quality.  

 

The judgement of someone’s self according to their voice occurs even amongst 

children. It has previously been shown that dysphonic children are (mis)judged by non-

dysphonic children to have relatively less positive qualities. For instance, they were 

judged to be significantly less kind, happy, honest, good, or clean relative to non-

dysphonic children (Lass, Ruscello, Stout, & Hoffmann, 1991).  Perhaps unsurprisingly 

then, dysphonic children can report feeling angry, sad, or embarrassed about their 

voice which, without intervention, can lead to a loss of self-esteem and increasing 

social exclusion (Connor et al., 2006). In adulthood too, a person speaking with a voice 

impairment may be (mis)perceived as less credible (Schroeder, Rembrant, May, & 

Freeman, 2020), less intelligent, or less socially desirable (Allard & Williams, 2008).  

These perceptions can negatively bias how successful that speaker is in attaining 

employment (Schroeder, et al., 2020) or the social activities they participate in. 

 

This wealth of research shows that the self-voice is critical to the social construction 

and expression of self. Judgements based on a person’s voice act as a proxy measure 

of self: “As another persons’ mind cannot be experienced directly, its quality must be 

inferred from indirect cues”, (Schroeder, Kardas & Epley, 2017, p.1760). Thus, a loss 

of voice, or a loss of agency in using that voice, can be a loss of self. Indeed, people 

who have lost their ability to use their natural voice have previously reported feeling 

“semi-detached” (Cave & Bloch, 2020) from conversations. In losing a flexible means 

of self-representation, people lose a conduit through which they can actively place 

themselves within, and contribute to, community and social relations.  

 

1.5.2 Integrating a new auditory identity 

Many people with a voice impairment or those who lose their ability to speak with their 

natural voice come to rely on an alternative means of communication. This includes 

children and adults with diverse diagnoses, including cerebral palsy, locked-in 

syndrome, autistic spectrum disorders, and motor neurone disease (MND) (Langarika-

Rocafort, Mondragon, & Extebarrieta, 2021). The case of motor neurone disease is 

particularly poignant because people who are diagnosed with MND will, typically, have 
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used their natural self-voice for the majority of their lives. After symptom onset, 

however, 80–95% of people with MND lose the ability to use their own voice to 

communicate their daily needs (Beukelman, Fager, & Nordness, 2011). Therefore, 

they may choose to rely on an alternative means of communication (Cave & Bloch, 

2020).  

 

Augmentative and alternative communication (AAC) devices are varied in their 

function, method, and degree of sophistication. With recent improvements in speech 

technology, however, high-tech AAC devices using synthesized or digitized voices 

have become increasingly available (Banda & Alzrayer, 2018; see Langarika-Rocafort, 

Mondragon, & Extebarrieta, 2021 for review). These devices may either use a 

synthesised voice or, with specific companies such as CereProc and VocalID, a 

bespoke digitised version of a person’s natural voice if it has been “banked” or 

preserved before loss (Pullin, Treviranus, Patel, & Higginbotham, 2017). Indeed, the 

option of voice banking for people with MND – that is, to pre-record their own voice for 

future use within an AAC device – is experienced almost unanimously as being for the 

sake of ‘preserving identity’ (Cave & Bloch, 2020). For instance, people report that the 

opportunity to keep their natural voice can help to “save a piece of themselves” (Cave 

& Bloch, 2020, p.123).  

 

However, more typically, and in instances in which voice banking was never possible, 

AAC devices use non-bespoke and somewhat generic synthesized voices. Although 

it has recently been recognised that personalised voices are important for individuating 

a personal identity and for social integration (Mills, Bunnell, & Patel, 2014; Pullin, 

Treviranus, Patel, & Higginbotham, 2017), such options have only just started to 

emerge. Despite the expansion of digital voices in the tech industry (i.e., Alexa, Siri), 

more bespoke options for use with AAC devices have not made as much headway. 

The progress that has been made has been predominantly motivated by the intuitive, 

moral case for providing individuated and personal means of self-expression.  

 

However, the importance of having a voice that represents one’s own auditory identity 

has not been examined scientifically, nor has the possibility of incorporating a new 
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auditory identity into the self-concept. These questions underpin the research 

examined with this thesis, which is expanded below.  

 

1.6 The current thesis 

The previous sections of this chapter have illustrated the extent to which the self is a 

socially developed cognitive structure that biases our cognition. Across domains, 

including attention, perception, and memory, it is clear that incoming information is 

processed preferentially and with an advantage if that information is self-relevant. 

However, what is self-relevant will shift from moment to moment according to the 

currently saliently content comprising the self-concept. Indeed, the self-concept is, 

itself, flexible; what is ‘self’ may be dynamically constructed and extended through 

interaction with the external environment and with other ‘selves’. 

 

A person’s voice is central to the self-concept as it is a conduit through which the self 

can be socially constructed and expressed to others. Loss of the self-voice may 

negatively affect people, leading to social detachment and a loss in the sense of self. 

Although people may come to rely on a new, externally generated voice as an 

alternative means of self-expression, it remains in question whether this new voice 

can become integrated into the self-concept and be processed as self-relevant. This 

clinically pertinent question may inform the design and uptake of new voices. Further, 

and perhaps more importantly, it also forces an examination of what it means to have 

a voice that is one’s own.  

 

This thesis therefore explores what makes a voice part of the self, focusing on the 

factors that may influence whether a voice is processed as self-relevant or not. 

Further, it investigates how a voice becoming self-relevant affects our experience of 

that voice. This is examined particularly in terms of how we perceptually process it and 

experience a sense of agency over it. This is achieved through a series of behavioural 

experiments, outlined below.   

 

Chapter 2 explores whether a new externally-generated voice can become associated 

with the self-concept through ownership and subsequently processed as self-relevant. 

Self-relevant information biases perceptual processing and typically elicits faster and 
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more accurate perceptual judgements. This is known as the self-prioritisation effect 

(Sui et al., 2012). Experiment 1 thus explores whether a new self-owned voice is 

perceptually processed as self-relevant according to whether it is judged more quickly 

and accurately than other-owned voices. Experiment 2 furthers this examination by 

testing whether a new self-owned voice is attributed greater self-bias (i.e., is deemed 

more self-relevant) if it is more representative of the self, specifically in terms of 

matching the participant’s gender-identity. Finally, Experiment 3 asks whether this bias 

is increased by personally choosing a new voice to own, relative to its being arbitrarily 

assigned. All three experiments use a perceptual matching paradigm, which is detailed 

further within the chapter.    

 

Chapter 3 then explores whether a voice that has become self-relevant through 

ownership influences the sense of agency people experience over it. Sense of agency 

is measured implicitly using a temporal binding paradigm which is detailed further 

within the chapter. I first report a pilot study which was conducted to optimize the 

adaption of a temporal binding paradigm for online use with auditory stimuli. This pilot 

study has implications for the experimental design and interpretation of data in 

Experiments 4 and 5. Experiment 4 then examines the sense of agency over a new 

self-owned voice relative to an other-owned voice. Experiment 5 furthers this by 

exploring how postdictive cues regarding whether a voice is self-owned or other-

owned may influence participants’ sense of agency.  

 

Chapter 4 asks how both perceptual processing and sense of agency is influenced by 

the self-relevance of a voice. Specifically, in Experiment 6 I assess people’s 

experience of a new self-owned voice as compared to their own, true self-voice. The 

true self-voice is a highly salient, self-relevant stimulus that inherently signals the 

participant’s unique identity. Measuring how the true self-voice is perceptually 

prioritised and, further, the degree to which participants experience a sense of agency 

over it, can inform understanding of how far a new self-owned stimulus has been 

processed as self-relevant by comparison. Thus, this experiment explores the degree 

to which an other-generated voice can be processed as ‘self’ in comparison to the true 

self-voice.  
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Experiment 7 further manipulates what is ‘self’ and what is ‘other’. Here participants 

are given ownership of an other’s voice to own as a new self-voice while, conversely, 

being presented their true self-voice as being other-owned. Such a manipulation 

elucidates the extent to which self-bias is flexibly applied according to the context and, 

further, how participants’ sense of agency is influenced dynamically by what they 

believe is most self-relevant.  

 

The self-concept, and information that is deemed relevant to it, has been shown to 

bias multiple different domains. Chapter 5 therefore extends the examination from 

perception to memory. In Chapter 5, Experiment 8 asks whether, through stronger 

encoding for self-relevant information, people demonstrate better memory for items 

said aloud in a new self-owned voice relative to an other-owned voice. Experiment 9 

furthers this examination into memory by asking whether source memory specifically 

(i.e. memory for whether it is self-owned or other-owned) is enhanced.  

 

The final experimental chapter examines perception and agency over a self-owned 

voice when it is a tool that can be used to represent the self. Voices are fundamentally 

social stimuli, and their importance to the self may be underpinned by the extent to 

which they can be used to express the self and achieve communicative goals. Chapter 

6 therefore asks whether a new self-owned voice becomes more self-relevant if it has 

been used socially as a means of self-expression. Thus, in Experiment 10, I detail 

work that used state of the art text-to-speech technology to allow participants to use 

new self-owned voices in a real social interaction with another participant. The 

influence of this social use of a voice is assessed according to whether people 

perceptually prioritise a self-owned voice more, and/or feel a greater sense of agency 

over it, if it has been used to represent the self.  

 

Finally, Chapter 7 offers a General Discussion in which the results from the ten 

experiments are considered in relation to each other and discussed in tandem. I also 

discuss the implications of this body of research, its limitations, and the future work 

that could further inform this essential question of what it is that makes a voice ‘mine’.  
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2 Perceptual prioritisation of a new self-voice1 

 

 

 

Abstract 

 

Within Chapter 2, three experiments begin to explore what makes a voice be deemed 

‘self’, and whether an unfamiliar, externally-generated voice can become incorporated 

into the self-concept. Information that is relevant to the self biases processing such 

that this information is perceptually prioritised over information related to others.  If the 

self can be extended to incorporate new information – such as a new voice – that voice 

should be perceptually prioritised as self-relevant. In Experiment 1, participants learnt 

new associations between three unfamiliar voices and the three identities they 

belonged to (self, friend, other). In a task, participants then made speeded judgements 

of whether voice-identity pairs were correctly matched, or not (Sui et al., 2012). Results 

showed faster and more accurate responses to the new self-owned voice relative to 

either the friend-voice or other-voice, showing a clear self-prioritisation effect. Two 

further experiments then measured whether prioritisation was enhanced if the self-

owned voice was matched to the gender-identity of the participant (Experiment 2) or if 

the self-voice was personally chosen by the participant (Experiment 3). Gender-

matching did not significantly influence bias. However, when participants chose their 

self-voice, the friend-voice became relatively de-prioritised compared with when the 

identities were randomly allocated. These findings contribute to our understanding of 

the flexibility of the self-concept and the factors that may influence how – and the 

extent to which – the voice of an ‘other’ may become self-relevant. 

 

 

 

 

 
1 The experiments described within this chapter have previously been published: Payne, B., Lavan, N., Knight, S. 
and McGettigan, C. (2021), Perceptual prioritization of self-associated voices. Br. J. Psychol., 112: 585-
610. https://doi.org/10.1111/bjop.12479. 
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2.1 Introduction 

The self-concept comprises ‘internal representations that shape perceptions of how 

the self is related to one’s surroundings and to other people,’ (Chiu, Ho, Tollenaar, 

2021, p. 1). Given that the self-concept is flexible, the way in which the self is related 

to the environment will change; what external information is – and is not – relevant to 

the self will change.   

 

According to Schäfer, Wentura, & Frings (2020), self-relevance acts as an associative 

glue, binding together disparate content to create a network of information which 

should be prioritised in processing. Indeed, across domains, our cognition is biased 

towards self-relevant information. In perception, this manifests as quicker and more 

accurate perceptual processing of information that is self-relevant compared to 

information that is not self-relevant. Thus, if the self is extended to incorporate new 

information, that information should be prioritised as self-relevant.  

 

Sui, He, & Humphreys (2012) introduced a perceptual matching paradigm through 

which unfamiliar external stimuli can become associated with the self-concept and, 

therefore, be made self-relevant. Specifically, participants were asked to form 

associations between three social identities (i.e. self, friend, other), and three shapes 

(i.e. circle, triangle, square). For example, the participants were told: ‘the circle 

represents you, the square a friend, and the triangle, an other’. These three shape-

identity associations were thus established as ‘matched’ pairings. In a subsequent test 

phase, participants were presented with mixed pairings of a shape and an identity 

label onscreen and were required to make speeded judgements of whether or not the 

two stimuli were correctly matched. Through this task, it was possible to measure the 

bias afforded to each stimulus by virtue of which social identity it had become 

associated with. The results showed that the shape that had been associated with the 

self was responded to more quickly and accurately relative to the shapes associated 

with the friend or other. Thus, there was evidence of a perceptual bias towards the 

shape associated with the self (Sui et al., 2012), an effect which became known as 

the self-prioritisation effect.  
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Importantly then, this perceptual matching paradigm enabled an examination of the 

bias for stimuli that had become self-relevant outside of how familiar they were. This 

is key because self-relevant stimuli such as the self-face or self-voice – which are 

typically attributed a processing advantage (Bortolon & Raffard, 2018; Keyes & 

Dlugokencka, 2014) – are also highly, personally familiar. Familiarity itself may confer 

its own advantage to attention and perceptual processing. Therefore, the perceptual 

matching paradigm demonstrated that bias exists specifically for the self, outside of 

familiarity.  Further, the task also made it clear that unfamiliar stimuli can become self-

relevant very quickly, simply by tagging them as being associated with the self. 

Thereafter, self-bias can be attributed flexibly to these stimuli that have become self-

relevant.  

 

Since its introduction, this paradigm has been used prolifically but has also been well 

interrogated. For instance, Sui et al. (2012) have demonstrated that this effect is not 

underpinned by the social identity labels used within the task. Specifically, the self-

prioritisation effect is not reliant upon the choice of (pro)nouns used (i.e., you, friend, 

stranger/other), the word length of the label, its word frequency, or how 

concrete/abstract the concepts of self, friend, or other are (Sui et al., 2012). Schäfer, 

Wentura, & Frings (2017) additionally questioned whether the grammatical 

distinctiveness of ‘you’ as a pronoun relative to the nouns referencing ‘friend’ and 

‘stranger’ could give rise to the effect due to its potentially greater salience. However, 

they too concluded that the self-prioritisation effect is ‘a genuine self-related process’ 

that was unaffected by the grammatical distinctiveness of the labels (Schäfer, 

Wentura, & Frings (2017: 400).  

 

This examination has been extended even further by Woźniak & Knoblich (2019); they 

created a perceptual matching task without any labels at all. Specifically, they asked 

participants to form associations between three unfamiliar symbols and three 

unfamiliar faces. These three pairings were then verbally associated with either self, 

friend, or other, such that the presentation of a paired symbol and a face were, 

together, associated with an identity. At test, participants were presented with mixed 

pairings and were asked to make speeded judgements on whether they were a 

correctly matched pair or not. Again, participants were faster and more accurate at 
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judging the two stimuli that were associated with self, relative to the pairs of stimuli 

associated with a friend or other, even in the absence of labels. Thus, the knowledge 

alone that stimuli were associated with the self, gave rise to a self-prioritisation effect.  

 

Further studies have explored the extent to which the self-prioritisation effect can be 

dissociated from other factors that may facilitate processing. For instance, it has been 

demonstrated that the effect can be dissociated from the emotional valence of the 

stimuli associated with self, friend, or other (Schäfer, Wentura, & Frings, 2020, Stolte, 

Humphreys, Yankouskaya, & Sui, 2015). Relatedly, the prioritisation for self-relevant 

stimuli is at least partially distinct from the reward value of the stimuli. Wang, Qi, Li, & 

Jia (2021), asked participants to form associations between the self and a low-reward, 

a friend and a medium reward, and an other and a high-reward. At test, participants 

showed a significantly greater perceptual bias for the self, relative to the friend or the 

other even though the reward it was associated with was comparatively smaller. In 

line with the wider literature, the authors thus concluded that the self-prioritisation 

effect is differentiated from – and prevails over – reward-based processing. Indeed, it 

is largely established that although the neural processes underlying reward do overlap 

with self-processing, they are at least partially distinct from the mechanisms underlying 

self-prioritisation (Yankouskaya, Humphreys, Stolte, Moradi, & Sui, 2017; Greck, 

Rotte, Paus, Moritz, Thiemann, Proesch, Bruer, Moerth, Templemen, Bogerts, & 

Northoff, 2008; Northoff & Hayes, 2011, Sui & Humphreys, 2015).  

 

Simultaneous to this extensive interrogation, the perceptual matching paradigm has 

been used to robustly replicate a self-prioritisation effect over an array of stimuli. For 

instance, beyond the original geometric shapes (Sui et al., 2012), other visual stimuli 

including objects (Falbén et al., 2019) and Gabor patches (Stein, Siebold, van Zoest, 

2016) have been used in successful replications. Further, Schäfer, Wesslein, Spence, 

Wentura and Frings, (2016) asked participants to form associations between the three 

social identities and tactile stimuli or auditory tones. For instance, participants were 

asked to associate three neutrally-valenced pure tones with the self, friend, and other. 

Participants were then presented with an auditory tone and an identity label and asked 

to make speeded judgements on whether or not they were correctly matched. The 

results showed a comparable self-prioritisation effect for the auditory tone that had 
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been associated with self, relative to the tones associated with others. This study 

therefore extended our understanding of the extent to which perception could be 

shaped according to self-relevance. Indeed, it demonstrates that external stimuli of all 

sensory modalities can quickly become self-relevant and prioritised perceptually. 

 

This is further exemplified by Payne, Tsakiris, and Maister (2017), who asked 

participants to form new self-associations to three unfamiliar faces. Participants were 

specifically told that one face now belonged to them, one belonged to a friend, and 

another to a stranger. Thus, implicit within the instructions, participants were given 

ownership of a new self-face by being told it belonged to them. Given that a face 

intrinsically represents an identity and, moreover, a different identity to the self, it 

should be processed as other-associated. In spite of this, Payne et al. (2017) 

demonstrated that participants had faster reaction times and greater accuracy to the 

face newly assigned to self, relative to the other faces. The fact that an unfamiliar face 

was prioritised perceptually, reflects that it has been perceived as self-relevant and 

perceived as a temporary extension of self. 

 

While it is agreed that a new stimulus can be quickly incorporated into the concept of 

the self, it remains unclear whether this extension alters representation of the physical 

self. Payne, Tsakiris, and Maister (2017) therefore ran a further study to assess 

whether or not participants’ recognition of what was ‘self’ had changed to 

accommodate the new self-associated face. Specifically, they used a self-recognition 

task in which the participants saw images of their true self-face morphed with the newly 

self-associated face. The task comprised 50 different images such that each image 

represented a 2% incremental step in the morph between the two faces. At test, 

participants then rated how similar each image was to their real face. Importantly, this 

self-recognition task was completed both before and after the perceptual matching 

task such that the authors could track any change in self-recognition after a new, 

unfamiliar face had become self-relevant. However, the results showed that the 

percentage of morphing at which participants judged an image to be 50% of the real 

self-face and 50% of the new self-associated face did not differ between the pre- and 

post-tasks. That is, there was no detectable increase in perceived similarity between 

their own face and a newly self-associated face. This suggests that self-recognition 
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had not been influenced by the integration of a new self-face into the self-concept. 

Thus, the self may be temporarily extended to encompass new stimuli conceptually 

through the perceptual matching paradigm, but this may not reflect changes to the 

representation of the physical self.  

 

However, this result is at odds with other studies which typically show that self-

representation can be modified by simple psychophysical manipulation. For instance, 

if a participant’s face is touched simultaneously to them viewing synchronous touching 

of a partner’s face, the boundary of self and other becomes blurred. Specifically, 

participants report that the partner’s face is more similar to their own after synchronous 

touching, an effect that is known as the enfacement illusion (Sforza et al., 2010; 

Tajadura-Jiménez, Grehl, & Tsakiris, 2012; Paladino, Mazzurega, Pavani, & Schubert 

2010).  Indeed, as part of the enfacement effect, the point at which participants accept 

that a morphed image is in fact ‘self’ is typically reduced after the manipulation. For 

instance, Tajadura-Jiménez, Grehl, & Tsakiris (2012) demonstrated that, after the 

enfacement task, participants accepted an image of a morphed self-face as ‘self’ when 

it contained 5% more of the other’s face than before the manipulation. This shows that 

participants perceived greater similarity between the self-face and other-face after 

manipulation. Further, this increased similarity rating was correlated with an increase 

in perceived empathy and attractiveness of the other’s face (Sforza et al., 2010), as 

well as the social closeness felt between them (Paladino et al., 2010). This indicates 

that the enfacement illusion influenced not only the participants’ body perception but 

also their social perception of what was ‘other’. Thus, according to Sforza et al. (2010), 

the partner’s face does become integrated into the representation of the participant’s 

own face.  

 

It is possible then that bodily self-representation is malleable but through mechanisms 

other than those engaged in the perceptual matching task. However, Sui et al. (2013) 

ran a study in which participants associated a new stimulus with the self through the 

perceptual matching paradigm while fMRI data was obtained. Behaviourally, 

participants demonstrated the typical self-prioritisation effect in which new external 

stimuli associated with the self were judged more quickly and accurately than stimuli 

newly associated to either a friend or an other. Neurally, the new self-associated 
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stimulus elicited enhanced activity in the ventral medial prefrontal cortex (vmPFC), an 

area associated with self-representation (Northoff et al., 2006). Indeed, it is the vmPFC 

that is activated by highly self-relevant information such as a participant’s own name 

(Moran, Heatherton, & Kelley, 2009). Thus, its relatively greater activation for an 

unfamiliar stimulus newly associated with the self – in comparison to the equally 

unfamiliar stimuli associated with others – suggests that the self-stimulus had been, 

at least transiently, linked to self-representation (Sui et al., 2013). 

 

Overall then, the current literature shows that external stimuli can be made self-

relevant by becoming associated with the self. In becoming self-relevant, such stimuli 

are prioritised perceptually and responded to more quickly and accurately. Previous 

studies have shown that external stimuli can be encompassed within the concept of 

self. As far as it is currently possible to elucidate the neural underpinnings of self-

processing and self-prioritisation, it remains unclear whether taking ownership of that 

stimulus is, alone, sufficient to fundamentally alter self-representation.  

 

Thus far, Payne et al.’s study in which participants were given ownership over a new 

self-face provides the closest test case for which complex social stimuli may be 

accepted as part of the self-concept. However, whether a new voice can be integrated 

into the self-concept has never been explored. Voices are, like faces, highly social and 

identifying signals, yet they differ in that they require self-generated action in order to 

exist. It is only through the varied, idiosyncratic, and deliberate use of our voice that 

we can share it with others to express our self-identity. Relatedly then, a voice – in its 

very existence – is the inherent biological property of an individual and should 

therefore signal only that individual’s identity. To demonstrate that an unfamiliar voice, 

generated by another person, may become associated with the self would be a 

significant addition to our understanding of the self-concept and the extent to which a 

new voice may be perceived as self-relevant. 

 

This question is clinically pertinent to people with voice impairments who may use 

another’s voice to communicate, i.e., within a text-to-speech device. Reports from 

users of such devices make it clear that the loss of their own self-voice can lead to a 

loss of self-identity (Nathanson, 2017). Therefore, exploring new ways of better 
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incorporating a new self-voice into their concept of self is of direct importance. Indeed, 

it may help to elucidate what it is that makes a voice ‘mine’.  

 

In the rest of the chapter, I present three experiments using the perceptual matching 

paradigm. Across these experiments I first assess whether the self-prioritisation effect 

is found for a new self-owned voice. Second, I begin to explore the factors that may 

facilitate it becoming self-relevant and therefore more closely associated with the self.  

2.2 Experiment 1 

In the first study, I asked whether the voice of another could become associated with 

the self through ownership, and prioritised in perception relative to voices associated 

with either a friend or a stranger. This experiment was preregistered via the Open 

Science Framework (https://osf.io/hg3w6/).  

 

2.2.1 Hypothesis  

Within the perceptual matching paradigm, I hypothesised that listeners would have 

quicker reaction times and greater recognition accuracy for their new self-voice 

compared to the voices associated with a friend or a stranger in match trials, thereby 

revealing a self-prioritisation effect.  

 

2.2.2 Participants 

All participants were recruited online via Prolific (www.prolific.ac) as native speakers 

of English with no hearing difficulties, and tested online using Gorilla (gorilla.sc, Anwyl-

Irvine, Massonnié, Flitton, Kirkham, & Evershed, 2018). Participants also had to have 

an approval rate of over 90% to be eligible and were required to pass a headphone 

check (Woods, Siegel, Traer, & McDermott, 2017) to ensure they were wearing 

headphones and able to hear the stimuli. In Experiments 1-3, this headphone task was 

implemented in Gorilla and required participants to judge which of three presented 

tones was the quietest. In each set of three tones, one was presented 180° out of 

phase across the stereo channels. This makes it easy to distinguish the quietest tone 

when wearing headphones but difficult over loudspeakers due to phase-cancellation 

(Woods et al., 2017). Participants were asked to do this in six trials and only 

participants with >85% accuracy were eligible to continue.   
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None of the participants had taken part in any of the pilot studies associated with this 

project and, upon completion of the study, were paid for their participation. Ethical 

approval was obtained (SHaPS-2018-CM-029, UK) and informed consent was 

obtained from all participants prior to testing.   

 

In Experiment 1, I recruited 35 participants (mean age = 27.25 years, SD = 6.41 years, 

age range = 18-40, 6 female, 29 male). The sample size was determined according to 

a previous study using the same paradigm by Schäfer et al. (2016). Their a priori 

power calculation suggested an effect size of dz ≥ .52 could be achieved given N = 

31, α = .05, and a power of 1 − β = .80. A true effect size of dz = .51 was subsequently 

found. After exclusion criteria were applied (see 2.2.5 Pre-processing), data from 31 

participants were analysed in Experiment 1.  

 

2.2.3 General Methods 

The following section outlines the methods for all three studies, which use the same 

perceptual matching paradigm. Specifics to Experiment 1 are included thereafter.  

 

2.2.3.1 Stimuli 

Across all experiments, the stimuli included auditory exemplars of three male speakers 

and three female speakers each saying ‘hello’ in Southern Standard British English. 

The male-voiced exemplars were extracted from a larger pool of original recordings, 

which were obtained in sound-attenuated booths using desktop computers running 

Audacity (https://www.audacityteam.org/; RRID = SCR_007198) and either a Røde 

NT1A microphone (Røde Microphones, Sydney, Australia) or a Neumann TLM103 

microphone (Neumann, Berlin, Germany). The female-voiced exemplars were 

recorded using a Rode NT-1A microphone via an RME Fireface UC audio interface. 

Recordings were digitised using Audacity (Audacity Team, 2019) as 16-bit, stereo 

WAV files, with sample rate 44100Hz.  All stimuli were normalised for RMS amplitude 

using PRAAT (Boersma & Weenink, 2010).  

 

The three male voices and three female voices were each selected from a wider pool 

of voices based on trait ratings obtained in pilot studies. In the first pilot study, a group 

of listeners (n = 15 participants, mean age = 30.33 years, SD = 6.63, age range = 18-
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40 years, 8 female, 7 male) rated 30 auditory exemplars of ‘hello’ from six different 

male speakers for attractiveness (‘How attractive does this voice sound?’) and, 

separately, for trustworthiness (‘How trustworthy does this voice sound?’) on a 7-point 

Likert scale whereby 1 denoted ‘not attractive/trustworthy at all’ and 7 denoted ‘very 

attractive/trustworthy’. I selected three male voices for use in these experiments based 

on their being well matched in attractiveness (mean ratings ± SDs = 4.6 ± 1.2, 4.5 ± 

1.3, 4.8 ± 1.4) and trustworthiness (mean ratings ± SDs = 4.6 ± 1.2, 5.2 ± 1.1, 4.7 ± 

1.2). 

 

In the same pilot, participants were asked to rank the six different male voices in order 

of preference, 1 to 6, whereby 1 denoted ‘The voice I would most like to have as my 

own’ down to 6, which denoted ‘The voice I would least like to have as my own’. A 

Friedman Test was then run in the R environment using stats (R Core Team, 2013) to 

determine whether the six voices differed significantly in their mean ranking. The 

results indicated that the voices did differ significantly (χ2(5) = 23.82, p<.001) so 

further Nemenyi post-hoc tests were run using PMCMR (Pohlert, 2014). The 

comparisons revealed that, of the original six voices, the three male voices used 

across these three experiments were well matched in their mean ranking with all p-

values >.05.  

 

In a second pilot study, six female voices were also trait rated and ranked for 

preference in the same way (n = 15 participants, mean age = 27.6 years, SD = 6.31, 

age range = 18-39 years, 6 female, 9 male). As with the male voice stimuli, the three 

female voices selected for use in Experiments 2 and 3 were chosen for being well 

matched for attractiveness (mean ratings ± SDs = 4.4 ± 1.0, 4.2 ± 1.4, 4.8 ± 1.4) and 

for trustworthiness (mean ratings ± SDs = 4.8 ± 1.2, 4.6 ± 1.3, 4.9 ± 1.0).  

 

Finally, the same participants were asked to rank the six different female voices in 

order of preference. The ranking data was analysed with a Friedman Test in the R 

environment and the results indicated that the voices differed significantly (χ2(5) = 

28.83, p<.001). Further Nemenyi post-hoc tests were run and the comparisons 

revealed that, of the original six voices, the three female voices used in Experiments 

2, 3, 4, and 5 were well matched in their mean ranking with all p-values >.05.  
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Experiment 1 used just the male voice stimuli, with two auditory tokens of “hello” per 

voice.  

 

2.2.3.2 Procedure 

The perceptual matching paradigm involved two stages: the familiarisation phase and 

the test phase, illustrated in Figure 1. The online tasks here described can be 

accessed and previewed online via Gorilla Open Materials at: 

https://app.gorilla.sc/openmaterials/45935.  

 

 

1) Familiarisation Stage 

In the familiarisation stage, participants were passively exposed to each of the three 

voices and their associated identity label. Following a 500ms fixation cross, the word 

‘YOU, ‘FRIEND’, or ‘STRANGER’ was displayed in the centre of the screen in black 

uppercase font on a white background and remained onscreen for 3000ms. 500ms 

after the label’s onset, an auditory exemplar of ‘hello’ from the to-be-associated voice 

Figure 1. Experiment 1: The typical trial structure for the perceptual 
matching task (Sui et al., 2012) as used within Experiments 1-3, 6-7, and 
10. After associating three new, unfamiliar voices with either ‘self’, ‘friend’, 
or ‘other’ identities, participants make speeded judgements about whether 
a voice they hear correctly matches the identity label presented on-screen 
or not. Faster reaction times and higher accuracy are indicative of greater 
perceptual prioritisation and self-bias.  
  

In this experiment you will hear 
three different voices. 
- One belongs to YOU 

- One belongs to a FRIEND 
- One belongs to a STRANGER 
 

 
Onscreen identity label + 
auditory stimulus: ‘Hello’ 
spoken by one of the three 
voices (500ms).  
 

Fixation cross 
(500ms) 

Fixation cross 
(500ms) 

Auditory stimulus 
(500ms) 
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was played, lasting approximately 500ms. After the auditory stimulus finished, the 

label remained on the screen until the end of the 3000ms trial. The familiarisation 

phase consisted of 12 trials, with each label-voice pairing being presented four times, 

and each of the two auditory exemplars per voice played twice. Stimuli were presented 

in a random order. The familiarisation stage thus lasted approximately 1 minute, 

including on-screen instructions, and was immediately followed by the test phase.  

 

2) Test Phase 

The test phase started with 12 practice trials. Each trial started with a 500ms fixation 

cross in the centre of the screen, after which an auditory exemplar played for its total 

duration (approx. 500ms). Immediately after the auditory offset, the word ‘YOU’, 

‘FRIEND’, or ‘STRANGER’ was displayed in the centre of the screen. Participants 

were asked to judge whether the identity label onscreen was a match or mismatch to 

the voice heard and to respond by keyboard press as quickly and as accurately as 

possible. Participants were instructed to press the left arrow for ‘MATCH’ and the right 

arrow for ‘MISMATCH’. This left-right ordering of match and mismatch remained 

constant on all trials, for all participants. In the practice trials only, text appeared on-

screen to remind participants that a left button press meant a match, and a right button 

press meant mismatch. In all test trials, however, no visual reminder was provided. 

Feedback was given onscreen for 500ms immediately following every response: a 

green tick for correct, a red cross for incorrect, and text feedback of ‘TOO SLOW’ for 

responses occurring after 1500ms. The next trial began after the 500ms feedback 

period was complete.  

 

Following the practice trials, participants performed three blocks of 72 trials (216 trials 

in total) and were informed of their overall accuracy at the end of each block. The order 

of match vs. mismatch trials was randomised for all participants. The experiment 

lasted approximately 25 minutes in total and participants were debriefed at the end.  

 

2.2.3.3 Design 

Experiment 1 consisted of two within-subject factors of ‘voice identity’ (self vs. friend 

vs. other voice) and ‘trial type’ (match vs. mismatch).  
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2.2.3.4 Pre-processing 

In each experiment (1-3) I analysed three measures: reaction times, sensitivity, and 

accuracy. The first two measures were included to align with previous reports of the 

self-prioritisation effect by Sui et al. (2012) and Schäfer et al. (2016). I also included 

trialwise accuracy to make it possible to run a complementary analysis to the RT mixed 

model that included the same random effects structure. 

 

Reaction times: RTs were measured as the delay between the onset of the visual label 

and the participant’s response and categorised by the voice identity (self-voice, friend-

voice, other-voice) per trial, and not by the category of the presented label (“YOU”, 

“FRIEND”, “STRANGER”). All erroneous responses, as well as responses shorter 

than 200ms or longer than 1500ms were excluded from the RT analysis in line with 

Sui et al.’s (2012) approach.  

 

Sensitivity: unbiased d’ scores were calculated by combining performance scores from 

match and mismatch trials at each level of the voice identity factor (self, friend, other). 

Specifically, YES/NO responses were recoded into hits and false alarms, following the 

log-linear approach to adjust for cases involving 100% hits or 0% false alarms 

(Stanislaw & Todorov, 1999).   

 

Accuracy: Trialwise accuracy scores were recorded for each participant. Whole 

datasets for participants showing overall performance accuracy at chance (≤50% + 

95% CI) were excluded as this indicated random responses.  

 

2.2.3.5 Exclusion 

In Experiment 1, 2.48% of the trials were eliminated on the RT criteria above as well 

as whole datasets for two participants with more than 50% of responses shorter than 

200ms. A further two datasets were eliminated on the accuracy criterion. None of 

these participants was replaced, therefore data from a total of 31 participants were 

analysed in Experiment 1. 
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2.2.3.6 Analysis  

Across Experiments 1-3, reaction times and sensitivity were assessed with linear 

mixed models (LMM) using lme4 (Bates, Maechler, Bolker & Walker, 2014) in 

the R environment (R Core Team, 2013). Accuracy was assessed using binomial 

generalised linear mixed models (GLMM).  In every analysis (with the exception of 

sensitivity in Experiment 1), I ran a model that included an interaction between voice 

identity and the manipulated variable, two fixed effects (voice identity, and the 

manipulated variable: trial type in Experiment 1, gender-matching in Experiment 2, 

and choice in Experiment 3), and a random intercept of ‘participant’. 

 

Statistical significance of the effects was established via likelihood ratio tests by 

dropping effects of interest from the appropriate model. For example, to establish 

whether the interaction was significant, I dropped this interaction from the model 

including both fixed effects. To test for the significance of either of the main effects, I 

dropped the relevant effects from a model that only included the two main effects. For 

all analyses reported here, post-hoc comparisons were conducted in emmeans 

(Lenth, 2016) and were adjusted for the multiple comparisons via Bonferroni 

correction.  

 

For GLMMs, odds ratios and associated confidence intervals are provided as an 

estimate of the size of the relevant effects. An odds ratio of 1 indicates that no effect 

is present, while odds ratios that deviate from 1 indicate an effect is present. The larger 

the deviation, the bigger the effect. If the confidence intervals do not cross 1, the 

relevant effect is significant. For LMMs, the models’ estimates and associated 

confidence intervals for each effect are reported. The further away from 0 the 

estimates are, the bigger the effect. If the confidence intervals do not cross 0, the 

relevant effect is significant.  

 

2.2.4 Results & Discussion 

Descriptive statistics for reaction times, accuracy, and sensitivity scores (d’) for the 

different conditions and voice identities are given in Table 1. 
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2.2.4.1 Reaction times  

The reaction time data are plotted in Figure 2. I ran an LMM on RTs to assess whether 

the self-voice had been perceptually prioritised relative to the others depending on the 

trial type (match trials vs mismatch trials). For the post-hoc tests, alpha was set as 

.008 after Bonferroni correction for six comparisons.  

 

E.g. lmer(reaction time ∼ voice identity * trial type 

+ 1 | participant, REML = "FALSE" 

 

Full model outputs are reproduced in Supplemental Table 1 (see Appendix). There 

was a significant interaction between voice identity and trial type (χ2(2)= 21.32, 

p<.001).  Post-hoc tests confirmed that reaction times for the self-voice were 

significantly quicker than those for the friend-voice (p<.001) and the other-voice 

(p<.001). However, this was only the case within matched trials, which is in line with 

previous studies (Sui et al., 2012). There was no significant difference between 

reaction times for the friend-voice and other-voice in either match, or mismatch trials 

(ps > .008). These results show therefore a significant self-prioritisation effect for the 

perception of voices, thus supporting the hypothesis.  

Table 1. Mean RTs, accuracy, and sensitivity (d’) for Experiment 1. 

Condition Voice Identity Mean RT 

(ms) 

Accuracy d' * 

Match trials Self 584 (211) 0.91 (0.29) 2.64 (1.11) 

 Friend 635 (220) 0.88 (0.33) 2.31 (0.97) 

 Other 645 (227) 0.87 (0.34) 2.29 (1.06) 

Mismatch trials Self 714 (242) 0.83 (0.38)  

 Friend 722 (217) 0.81 (0.39)  

  Other 712 (216) 0.81 (0.40)   

Note. RT = reaction time; Accuracy = proportion correct. Standard deviations appear 

within parentheses. *Performance scores from match and mismatch trials are 

combined to provide d’ scores. 
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2.2.4.2 Sensitivity 

I also ran an LMM on d’ scores to assess performance in the perceptual matching task 

using the model below. For the post-hoc tests, alpha was set as .017 after Bonferroni 

correction for three post-hoc comparisons.  

 

E.g., lmer (sensitivity ∼ voice identity + 1 | participant, REML = "FALSE") 

 

Full model outputs are reproduced in Supplemental Table 2. There was again a 

significant main effect of voice identity (χ2(2)=6.24, p=.044). However, post-hoc 

comparisons showed that although sensitivity for the self-voice was numerically 

greater than that for both the friend-voice and other-voice, the difference did not reach 

significance (ps >.017) after Bonferroni correction.  

Figure 2. Experiment 1: Mean reaction times (RT) as a function of the voice 
identity (self, friend, or other) and the trial type (match vs mismatch). The 
error bars indicate the SEs of the means. Coloured segments show smooth 
density curves for the full data distribution, while individual dots indicate 
mean RTs per participant. The top bar indicates the significance of the 
interaction, horizontal bars show post-hoc comparisons. Asterisks denote 
significance within RTs as determined by likelihood ratio tests. *** p<.001 
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2.2.4.3. Accuracy 

Finally, I ran a GLMM on trialwise accuracy. For the post-hoc tests, alpha was set as 

.017 after Bonferroni correction for three post-hoc comparisons. 

 

E.g. glmer(accuracy ∼ voice identity * trial type 

+  1 | participant, family = “binomial”) 

 

Full model outputs are reproduced in Supplemental Table 3. The interaction of voice 

identity and trial type was non-significant (χ2 (2)= 2.29, p=.318). There was, however, 

a significant main effect of voice identity (χ2(2)=11.84, p=.003), showing that 

performance accuracy for the self-voice was higher than for both the friend-voice 

(p=.013) and the other-voice (p<.001), while the friend-voice and other-voice did not 

significantly differ. There was also a main effect of trial type (χ2(1)=70.63, p<.001) 

showing that accuracy was significantly higher in match trials than in mismatch trials 

(p<.001); a result which falls in line with previous studies.  

 

In Experiment 1, I asked whether an unfamiliar voice that, inherently, belongs to 

another could be made self-relevant through ownership and accepted as part of the 

self-concept. The results reveal a clear self-prioritisation effect, with quicker reaction 

times, higher accuracy, and increased perceptual sensitivity to the newly self-owned 

voice relative to the other voice identities. This shows that the new self-voice has been 

attributed self-bias and processed as a self-relevant stimulus. This therefore supports 

the hypothesis and provides a pattern of results that mirrors those reported by Sui et 

al. (2012), Schafer et al. (2016), and Payne et al. (2017). This result demonstrates for 

the first time that what is ‘self’ can quickly be extended to incorporate an unfamiliar 

voice that is self-owned but that, inherently, signals a different identity. The fact that 

such a stimulus can be processed as self-relevant further shows that a new voice does 

not need to be self-generated in order to be deemed “self” and perceptually prioritised.  

2.3 Experiment 2 

2.3.1 Introduction 

Having demonstrated that there is a self-prioritisation effect in the perception of voices, 

Experiment 2 asked whether this effect is increased if the new self-voice is matched 
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to the gender-identity of the listener. This experiment was preregistered via the Open 

Science Framework (https://osf.io/r6g2m/) and can be previewed via Gorilla Open 

Materials at: https://app.gorilla.sc/openmaterials/46084. 

 

The self-voice plays a key role in representing the self-identity to others. It is both a 

conduit through which thoughts and feelings can be expressed and, importantly here, 

a signal that conveys a unique identity – an embodied self. Indeed, the sound of one’s 

voice is partly determined by - and wholly representative of – a person’s body-size, 

sex, health, age as well as social information such as regional origin and economic 

status (Sidtis & Kreiman, 2011). Each voice is unique to the individual. Thus, a new 

self-voice than is more closely matched to that individual – such that it may be a more 

accurate means of self-representation – may be deemed more self-relevant.  

 

How self-relevant the voice is may influence prioritisation, such that is it relatively more 

prioritised if more relevant. Indeed, Golubickis, Falbén, Ho, Sui, Cunningham, & 

Macrae (2019), demonstrated that self-prioritisation is sensitive to how relevant stimuli 

are to the self-identity. Specifically, they used an adapted perceptual matching 

paradigm and asked participants to form new associations between the classic 

geometric shapes (circle, square, triangle) and, newly, three identity-relevant groups 

to which the participant felt they belonged. Importantly, one group was of high identity 

relevance (i.e., musician), another of medium identity relevance (i.e., vegan) and one 

of low identity relevance (i.e., athlete). At test, the shape that had been associated 

with the group of the highest identity-relevance was prioritised in comparison to the 

other shapes. This shows that, despite all three shapes becoming self-relevant (in that 

they were associated to three in-groups), the degree of prioritisation was modulated 

according to the degree of self-relevance.  

 

More widely, previous studies have demonstrated that people are more biased 

towards voices they perceive to be similar to their own (Peng, Wang, Meng, Liu, Hu, 

2019) and, indeed, towards their own voice (Hughes and Harrison, 2013). Both the 

self-voice and voices perceived as similar to self are judged to be more attractive than 

voices of dissimilar others. More generally still, people prefer others whom they 

perceive or imagine to be similar to themselves (Gerson, Bekkering & Hunnius, 2017; 
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Hamlin, Mahajan, Liberman, & Wynn, 2013; Mahajan & Wynn, 2012) because it 

activates the positive and implicit associations they already hold about themselves 

(Jones, Pelham, Carvallo, & Mirenberg, 2004). The perceived similarity reduces the 

social distance between them and, relatedly, reduces the degree to which the self and 

the other are differentially processed (Benoit, Gilbert, Volle, & Burgess, 2010). 

However, whether this bias in judgement also generalises to prioritisation in perception 

is unclear.   

 

Overall though, it is reasonable to suggest that an other-generated voice that is more 

similar to the true self-voice of the listener - in terms of gender-related acoustics - may 

be perceived as more closely related to the self than a voice which represents a less 

similar other. Further, an externally-generated vocal signal that fits better within the 

parameters of our own vocal apparatus and better aligns with our identity may be 

deemed more personally relevant than a voice which embodies and represents a 

different gender identity.  

 

2.3.2 Hypothesis 

I therefore hypothesised that the self-prioritisation effect for the self-voice would 

increase when it was matched to the gender-identity of the participant. Such an 

increase should result in quicker reaction times and higher accuracy in response to 

the self-voice, relative to the friend- or other-voice, when the self-voice is matched to 

the gender identity of the participant as compared to when the self-voice is not 

matched to the gender identity of the participant. 

 

2.3.3 Participants 

96 participants took part (48 females: mean age = 29.1 years, SD = 6.28 years, age 

range = 18-40; 48 males: mean age = 27.4 years, SD = 6.58 years, age range = 18-

40). All participants were cisgender such that their gender-identity aligned with their 

sex assigned at birth. The data from participants (N=2) showing overall performance 

accuracy at chance (≤50% + 95% CI) were excluded and replacement participants 

sampled such that data from 96 participants were included in the reported analyses. 
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2.3.4 Methods 

Unless stated below, the methods for Experiment 2 replicated methods from 

Experiment 1.  

 

2.3.4.1 Randomisation 

Male and female participants were randomly allocated to either a ‘gender-matched’ 

group (N=48: 24M, 24F) or a ‘non-gender-matched’ group (N=48: 24M, 24F), whereby 

the gender of the participant would match or not match the gender of the voices.  

 

2.3.4.2 Stimuli 

In addition to the male voice stimuli used in Experiment 1, I included female voice 

stimuli from three SSBE-accented speakers.  

 

2.3.4.3 Design 

The study consisted of a within-subjects factor of ‘voice identity’ (self vs. friend vs. 

other) and a between-subjects factor of ‘gender-matching’ (gender-matched vs 

gender-mismatched). Further, a within-subjects factor of trial type was present (match 

vs mismatch trials).  

 

2.3.4.4 Pre-processing 

Based on the exclusion criteria reported earlier, fewer than 1% of the trials were 

eliminated.   

 

2.3.4.5 Analysis 

In Experiment 1 I found that the self-prioritisation effect emerged on match trials only 

(i.e., trials in which the presented voice and identity label are correctly ‘matched’ 

according to their learnt association). Therefore, following the logic of Sui et al. (2012) 

and Schafer et al. (2016), the analyses of reaction times and raw accuracy are 

henceforth reported separately for match and mismatch trials.  

 

2.3.5 Results and Discussion 

Descriptive statistics for reaction times, accuracy, and sensitivity scores (d’) for the 

different conditions and voice identities are given in Table 2. 
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2.3.5.1 Reaction times 

The reaction time data are plotted in Figure 3. As in the analysis in Experiment 1, I ran 

an LMM on RTs to assess whether the self-voice had been perceptually prioritised. 

First, I analysed match trials only. For the post-hoc tests, alpha was set as .017 after 

Bonferroni correction for three post-hoc comparisons. 

 

E.g. lmer(reaction time ∼ voice identity * gender-matching 

+ 1 | participant, REML = "FALSE") 

 

Full model outputs are reproduced in Supplemental Table 4. The interaction of voice 

identity and gender-matching was non-significant (χ2(2)= .27, p = .875). There was, 

however, again a main effect of voice identity (χ2(2)=106.78, p<.001): in both groups, 

reaction times for the self-voice were significantly quicker than those for either the 

friend-voice (p<.001) or the other-voice (p<.001), and reaction times to the friend-voice 

were also significantly quicker than those for the other-voice (p<.001). Lastly, I found 

no main effect of gender-matching on reactions times (χ2(1) < .01, p=.934).  

Table 2. Mean RTs, accuracy and sensitivity (d’) for Experiment 2 (match trials). 

Condition Voice 

Identity 

Mean RT (ms) Accuracy d' * 

 Gender-matched Self 541 (203) 0.92 (0.27) 2.89 (0.98)  

 Friend 572 (213) 0.92 (0.27) 2.90 (1.01)  

 Other 592 (221) 0.85 (0.35) 2.49 (0.97)  

Gender-mismatched Self 536 (205) 0.94 (0.24) 2.95 (1.04)  

 Friend 570 (222) 0.91 (0.29) 2.87 (1.16)  

  Other 589 (224) 0.88 (0.33) 2.68 (1.21)  

Note. RT = reaction time; Accuracy - proportion correct. Standard deviations appear 

within parentheses. *Performance scores from match and mismatch trials are combined 

to provide d’ scores. 
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These RT data therefore reveal a significant self-prioritisation effect in the perception 

of voices, but show that prioritisation was not modulated according to whether the self-

voice was matched to the gender-identity of the participant.  

 

Identical analyses of RT data were then run on the mismatch trials, but the interaction 

(χ2(2)= 1.03, p=.596), the effect of voice identity, (χ2(2)= .07, p=.968), and the effect 

of gender matching (χ2(2)= .69, p=.708) were all non-significant in mismatch trials. 

 

Figure 3. Experiment 2: Mean reaction times (RT) as a function of the 
voice identity (self, friend, or other) and gender-matching (matched vs 
mismatch, i.e., whether the voice matched the gender-identity of the 
participant, or not). Graph models match trials only. The error bars 
indicate the SEs of the means. Coloured segments show smooth density 
curves for the full data distribution, while individual dots indicate mean RTs 
per participant. The top bar indicates the significance of the interaction, 
horizontal bars show post-hoc comparisons. Asterisks denote significance 
within RTs as determined by likelihood ratio tests. *** p<.001 
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2.3.5.2 Sensitivity 

I also ran an LMM on d’ scores. For the post-hoc tests, alpha was set as .017 after 

correction for three post-hoc comparisons. 

 

E.g. lmer(sensitivity ∼ voice identity * gender-matching 

+  1 | participant, REML = "FALSE") 

 

Full model outputs are reproduced in Supplemental Table 5. The interaction of voice 

identity and gender-matching was non-significant (χ2(2) = 1.57, p = .455). There was 

again a main effect of voice identity (χ2(2) =16.62, p<.001), with post-hoc comparisons 

revealing that, across groups, sensitivity for the self-voice was significantly higher than 

for the other-voice (p<.001) but did not differ significantly from the friend-voice. 

Further, sensitivity for the friend-voice were significantly higher than for other-voice 

(p<.001). There was again no effect of gender-matching on reaction times (χ2(1)= .16, 

p= .687). 

 

2.3.5.3 Accuracy 

Finally, I ran a GLMM on trialwise accuracy. Here I analysed the match trials. For the 

post-hoc tests, alpha was set as .008 after Bonferroni correction for six comparisons. 

 

E.g. glmer(accuracy ∼ voice identity * gender-matching 

+  1 | participant, family = "binomial") 

 

Full model outputs are reproduced in Supplemental Table 6. There was a significant 

interaction between voice identity and gender-matching on accuracy (χ2(2)=7.09, p= 

.029). Post-hoc comparisons revealed that accuracy for the self-voice was significantly 

higher than accuracy for the other-voice (p<.001) in both gender-matched and non-

gender-matched groups. However, accuracy for the self-voice only differed from the 

friend-voice in the non-gender-matched group (p=.001). Accuracy for the self-voice 

did not differ significantly when it was gender-matched in comparison to when it was 

not.  
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Identical analyses within the mismatch trials revealed that neither the interaction effect 

(χ2(2)= 1.03, p=.596), the fixed effect of voice identity (χ2(2)=.065, p=.968), nor the 

fixed effect of gender-matching (χ2(1)=.069, p= .793) were significant. 

 

In Experiment 2, I asked whether the self-prioritisation effect could be modulated by 

the self-voice being gender-matched to the identity of the listener. The results show 

that gender-matching did not significantly influence prioritisation here, with equivalent 

reaction times and perceptual sensitivity to the voices when they were matched as to 

when they were mismatched. Although there was a significant interaction of voice 

identity and gender-matching for accuracy scores, this did not manifest in interpretable 

differences in terms of how the self-voice related to the friend-voice and the other-

voice across the two groups. Overall, these results suggest that the perceived 

physiological similarity between the novel voices and the participant’s own voice had 

no effect on the self-prioritisation effect. This is unexpected (see the General 

Discussion, section 2.5, for suggested explanations). Instead, prioritisation was similar 

for both groups, in that perceptual processing was biased towards the new self-voice 

relative to the friend- or other-voice, thereby supporting the results from Experiment 1.  

2.4. Experiment 3 

2.4.1 Introduction 

Experiment 3 further investigated which factors may influence the acceptability of an 

externally-generated voice being integrated into the self-concept. Specifically, I here 

asked whether the action of personally choosing an externally-generated voice for the 

self increases the level of bias towards it. This experiment was preregistered via the 

Open Science Framework (https://osf.io/wz2am/) and can be previewed via Gorilla 

Open Materials at https://gorilla.sc/openmaterials/46086.  

 

In Experiments 1 and 2, the new self-voice became associated with the self via 

ownership. That is, participants were told the voice belonged to them and the results 

demonstrated that the voice was subsequently prioritised in perception, having 

become self-relevant as a self-owned stimulus. It is possible, however, that having 

personal choice over what is ‘self’ may increase bias towards it. Indeed, previous 

studies have shown that having a choice is, itself, inherently rewarding (Leotti & 

https://osf.io/wz2am/
https://gorilla.sc/openmaterials/46086
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Delgado, 2015) and a voice that has been chosen to represent the self may be 

perceived as more self-relevant. As reviewed in Chapter 1, Huang et al., (2009) 

demonstrated that, of two identical items, people will prefer the item that they have 

chosen and value it more highly.  

 

The effect of choice and, relatedly, of ownership, on self-bias has been investigated 

in the memory domain by Cloutier and Macrae (2008). They demonstrate that 

participants who are given a choice over which items to own can better recall those 

items relative to participants who had no choice and were instead afforded ownership 

by someone else. The act of selection, of making a personal choice over external 

stimuli, is associated with enhanced memory for the later outcomes of those choices 

(Cloutier & Macrae, 2008). According to the Cunningham et al., (2008) this may be 

underpinned by stronger encoding for self-relevant information. Furthermore, it is 

possible that being given a choice may enhance the participant’s sense of having 

agency in extending the self to include that new voice.  

 

2.4.2 Hypothesis 

Experiment 3 therefore predicted that the self-prioritisation effect in voices would be 

increased if the new, self-voice was first chosen by the participant, relative to when it 

was randomly allocated. Such an increase in prioritisation should result in quicker 

reaction times and higher accuracy in response to the self-voice – in comparison to 

the voices associated with the friend or other – when the new self-voice was chosen, 

relative to when it was randomly allocated. 

 

2.4.3 Participants 

96 new participants were recruited, forming a ‘choice’ group (48 females: mean age = 

29.2 years, SD = 6.27 years, age range = 18-40; 48 males: mean age = 26.5 years, 

SD = 6.71 years, age range = 18-40). As in previous analysis, datasets for participants 

showing overall performance accuracy at chance (≤50% + 95% CI) were excluded 

(N=3), as this indicated random responses. These participants were replaced to reach 

the full sample size of 96 participants. Data from these 96 participants were then 

combined with data from the 96 participants from Experiment 2 who had been 

randomly allocated voices, thus forming the ‘no choice’ group (48 females: mean age 
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= 29.1 years, SD = 6.28 years, age range = 18-40; 48 males: mean age = 27.4 years, 

SD = 6.58 years, age range = 18-40). Thus, data from 192 participants were included 

in this study.  

 

2.4.4 Methods 

Unless stated below, the methods for Experiment 3 replicated methods from 

Experiments 1 and 2.  

 

2.4.4.1 Stimuli 

Experiment 3 used both male and female voice stimuli, as in Experiment 2. 

 

2.4.4.2 Procedure 

For the ‘choice’ group, Experiment 3 began with a voice selection task in which the 

participants were presented with two tokens of ‘hello’ from each of the three male or 

female voices, labelled onscreen as ‘Voice A’, ‘Voice B’, and ‘Voice C’. They were then 

asked to choose which voice they wanted to represent them for the rest of the study. 

The voices for ‘friend’ and ‘other’ were allocated randomly, and evenly, thereafter. It is 

important to note, however, that these two voices were effectively rejected as a self-

voice. Second, participants were asked to rate the strength of their preference for their 

chosen voice on a 5-point scale where 1 denoted, ‘Not strong at all: I was 

indifferent/picked randomly’ and 5 denoted, ‘Very strong: I preferred my chosen voice 

much more than the others.’  Thereafter, the procedure replicated that of Experiments 

1 and 2.  

 

2.4.4.3 Design 

The study consisted of a factorial design with one within-subjects factor, ‘voice identity’ 

(self vs. friend vs. other) and one between-subjects factor, ‘choice’ (choice vs. no 

choice). Further, a within-subjects factor of ‘trial type’ was present (match vs mismatch 

trials).  

 

2.4.4.4 Pre-processing 

In the self-voice selection task, participants were presented with a choice of 3 male 

voices, or 3 female voices. For participants choosing from male voices, there was a 
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relatively balanced selection across the three identities. Voice 1 was chosen by 37.5% 

of participants (8F, 10M), Voice 2 was also chosen by 37.5% of participants (8F, 10M), 

and Voice 3 was chosen by 25% of participants (8F, 4M).  The strength of preference 

task showed that 87.5% of participants stated they had a preference strength of at 

least three (out of five) for the voice they chose, with only 2.08% stating that they were 

indifferent to their self-voice.  

 

Uptake of the female voices as the new self-voice was less balanced; Voice 1 was 

chosen by 62.5% of participants (16F, 15M), Voice 2 was chosen by 12.5% (4F, 2M), 

and Voice 3 was chosen by 25% of participants (4F, 7M). The strength of preference 

task showed that 95.8% of participants stated they had a preference strength of at 

least three (out of five) for the voice they chose. Further, no participants stated that 

they were indifferent to their self-voice.  

 

Since I posited that encoding of a stimulus to the self is strengthened through making 

a personal choice – rather than by the strength of preference for that stimulus – data 

from all participants were analysed regardless of their stated preference strength.  

 

1.18% of the trials were eliminated from the analysis of RTs based on our exclusion 

criteria. 

 

2.4.4.5 Analysis 

For the analyses of reaction times and raw accuracy, results within match and 

mismatch trials are reported separately, following the logic of Sui et al. (2012) and 

Schafer et al. (2016). Match trials are those in which the presented voice and identity 

label are correctly ‘matched’ according to their learnt association.  

 

2.4.5 Results & Discussion 

Descriptive statistics for reaction times, accuracy, and sensitivity scores (d’) for the 

different conditions and voice identities are given in Table 3. 
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2.4.5.1 Reaction times 

The reaction time data are plotted in Figure 4 for the match trials and in Figure 5 for 

the mismatch trials. I ran an LMM on RT data to assess whether the self-voice had 

been perceptually prioritised relative to the others depending on choice (i.e. whether 

the self-voice was chosen or not). First, I analysed match trials only. For the post-hoc 

tests, alpha was set as .008 after Bonferroni correction for six comparisons. 

 

E.g. lmer(reaction time ∼ voice identity * choice 

+ 1 | participant, REML = "FALSE") 

 

Full model outputs are reproduced in Supplemental Table 7. There was an interaction 

between voice identity and choice (χ2(2)=27.56, (p<.001). I hypothesised that an 

interaction would arise because of a difference in RTs to the self-voice when it is 

chosen in comparison to when it is not. However, instead, the interaction arose from 

a difference in RTs to the friend-voice when the self-voice was chosen in comparison 

to when it was not. Specifically, when the self-choice was chosen, the RTs for the 

friend-voice increased such that they became equivalent to those of the other’s voice 

(p=.577). Thus, the small bias that is typically shown for the friend-voice relative to the 

other-voice was here diminished. This may have been because the friend-voice had 

been actively rejected as a self-voice in the voice selection task. This left the self-voice 

relatively more prioritised than either of the other two voices, which is not the case 

Table 3. Mean RTs, accuracy, and sensitivity (d’) in Experiment 3 (match trials). 

Condition Voice Identity Mean RT (ms) Accuracy d' * 

Choice Self 542 (204) 0.94 (0.25) 3.10 (1.06) 

 Friend 610 (231) 0.90 (0.30) 2.83 (1.15) 

 Other 606 (234) 0.87 (0.33) 2.66 (1.19) 

No Choice Self 539 (204) 0.93 (0.27) 2.92 (1.01) 

 Friend 571 (218) 0.92 (0.28) 2.89 (1.09) 

  Other 590 (222) 086 (0.34) 2.59 (1.10) 

Note. RT = reaction time; Accuracy - proportion correct. Standard deviations appear  

within parenthesis.  *Performance scores from match and mismatch trials are combined 

to provide d’ scores. 
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when the self-voice is randomly allocated. When the self-voice was randomly allocated 

and none of the voices was actively rejected as a self-voice, reaction times to friend-

voice (p<.001) and other-voice (p<.001) were significantly different. That is, the 

perceptual distance between the self-voice and the friend voice was reduced.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Identical analyses were run on RTs in mismatch trials (Fig 5). For the post-hoc tests, 

alpha was set as .008 after Bonferroni correction for six comparisons. These analyses 

also showed a significant interaction between voice identity and choice (χ2(2)=10.45, 

p=.005). Reaction times were significantly quicker for the self-voice than for either the 

friend-voice (p<.001) or the other-voice (p=.001), but this self-prioritisation effect was 

only present when the self-voice was chosen. When the self-voice was randomly 

Figure 4. Experiment 3: Mean reaction times (RT) as a function of the voice 
identity (self, friend, or other) and choice (choice vs no choice, i.e., whether 
the self-voice was personally chosen or randomly allocated). Graph 
models matched trials only. The error bars indicate the SEs of the means. 
Coloured segments show smooth density curves for the full data 
distribution, while individual dots indicate mean RTs per participant. The top 
bar indicates the significance of the interaction, horizontal bars show post-
hoc comparisons with asterisks denoting significance within RTs as 
determined by likelihood ratio tests. *** p<.001 
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allocated, reaction times did not significantly differ between the self-, friend- and other-

voice. This result supports the notion that the degree to which a self-voice is prioritised 

relative to others is influenced by whether it has been chosen or rejected as a self-

owned item.   

2.4.5.2 Sensitivity 

I then ran an LMM on d’ scores. For the post-hoc tests, alpha was set as .017 after 

Bonferroni correction for three post-hoc comparisons. 

 

E.g. lmer(sensitivity ∼ voice identity * choice 

+ 1 | participant, REML = "FALSE") 

 

Figure 5. Experiment 3: Mean reaction times (RT) as a function of the voice 
identity (self, friend, or other) and choice (choice vs no choice, i.e., whether the 
self-voice was personally chosen or randomly allocated) in mismatch trials 
only. The error bars indicate the SEs of the means. Coloured segments show 
smooth density curves for the full data distribution, while individual dots indicate 
mean RTs per participant. The top bar indicates the significance of the 
interaction, horizontal bars show post-hoc comparisons. Asterisks denote 
significance within RTs as determined by likelihood ratio tests. *** p<.001 
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Full model outputs are reproduced in Supplemental Table 8. The interaction of voice 

identity and choice was non-significant (χ2(2) = 3.55, p = .169). There was, however, 

a main effect of voice identity on d’ scores (χ2(2)= 34.55, p<.001), revealing that 

sensitivity for the self-voice was significantly higher than for the other-voice (p<.001) 

but did not differ significantly from the friend-voice (p=.020). Further, participants’ 

sensitivity also differed significantly between the friend-voice and other-voice (p<.001). 

Lastly, I tested for the significance of choice as a fixed effect, however this was non-

significant (χ2(1) = .26, p= .612). 

 

2.4.5.3 Accuracy  

Finally, I ran GLMMs on trialwise accuracy, first in the match trials. For the post-hoc 

tests, alpha was set as .008 after Bonferroni correction for six comparisons. 

 

E.g. glmer(accuracy ∼ voice identity * choice 

+ 1 | participant, family = "binomial") 

 

Full model outputs are reproduced in Supplemental Table 9. There was an interaction 

between choice and voice identity (χ2(2)=6.56, p=.038). Pairwise comparisons 

revealed that when the self-voice was chosen, accuracy for the self-voice became 

significantly greater than accuracy for either the friend-voice (p<.001) or the other-

voice (p<.001) showing a clear self-prioritisation effect. However, when the self-voice 

was randomly allocated, accuracy for the self-voice did not differ significantly from the 

friend-voice (p=.020) though it did differ from the other-voice (p<.001). Thus, the 

interaction effect arose from a relative deprioritisation of the friend-voice when the self-

voice was chosen compared to when it was not. This pattern of results mirrors the 

interaction effect found in the RTs: here too, performance for the friend-voice is 

reduced in the choice condition, leaving the chosen self-voice relatively more 

prioritised than either of the other two voices. This is not the case when the self-voice 

was randomly allocated. Lastly, across both groups, accuracy for the friend-voice was 

significantly higher than accuracy for the other-voice (ps<.001). 

 

Identical analyses were also run on accuracy in mismatch trials. For the post-hoc tests, 

alpha was set as .008 after Bonferroni correction for six comparisons.  There was a 
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significant interaction effect here too (χ2(2)=7.98, p=.018). The interaction effect arose 

from significantly higher accuracy for the self-voice than for the other-voice (p=.005), 

only when the self-voice was chosen. When the self-voice was randomly allocated, 

performance did not significantly differ for the self, friend or other-voice.  

 

2.4.6 Exploratory Analyses 

As a means to further explore the implication of choice on self-prioritisation, I indexed 

the degree of bias for the self-voice (following Sui & Humphreys, 2017) in both the 

choice and no choice conditions. A larger score indicates a larger bias, whereas 

smaller scores indicate a relatively smaller bias. For each participant, a self-bias score 

can be calculated by taking the difference in RTs for the self-voice versus the friend-

voice, dividing it by the sum of RTs across the two conditions, and finally multiplying 

the result by 100 to achieve a percentage score. A friend-bias score can also be 

calculated by taking the difference in RT performance for the friend-voice relative to 

the other-voice, dividing it by the sum of the RTs across the conditions and multiplying 

it by 100. Bias scores are plotted in Figure 6. 

 

The bias scores show that there is a larger bias – and greater prioritisation – for ‘self’ 

relative to ‘friend’ across both conditions. Importantly though, when the self-voice had 

been chosen – and, ipso facto, the other voices had been rejected – self-prioritisation 

increased, and the prioritisation of friend decreased. This supports the earlier findings; 

that there is a greater prominence of self, relative to others, when the stimulus is 

personally selected. In order to test the significance of this, I calculated the difference 

between the self-bias and friend-bias score per participant and then ran an 

independent samples t-test on the resultant scores, comparing the choice vs. no 

choice groups. This test was significant (t(190) = -3.05, p = .003). 
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In Experiment 3, I asked whether the self-prioritisation effect could be modulated by 

choice. The results show that choice does interact with prioritisation: performance for 

the friend-voice is significantly reduced when it was not chosen as a self-voice. Thus, 

the self-voice is relatively more distinguished from the other voice identities. The 

results suggest that in rejecting certain voices as a self-voice, they are deemed less 

self-relevant and the social distance between the self and them is increased.  

2.5 General Discussion 

Across 3 experiments, I asked whether an unfamiliar, externally-generated voice could 

be incorporated into the self and, if so, which factors could modulate its self-relevance 

and subsequent bias.   

Figure 6. Exploratory analyses, Experiment 3: Measures of bias (self-bias vs. 
friend-bias) as a function of choice (choice vs no choice, i.e. whether the self-
voice was personally chosen or randomly allocated) in mismatch trials only. 
The error bars indicate the SEs of the means. Coloured segments show 
smooth density curves for the full data distribution, while individual dots 
indicate mean scores per participant. *** p<.001  
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In Experiment 1, I demonstrated that the concept of self can be quickly and flexibly 

extended to incorporate a new self-voice, as shown by quicker reaction times, higher 

accuracy, and increased perceptual sensitivity to the new self-voice relative to a friend 

or other’s voice. This showed that it had been processed as a self-relevant stimulus, 

thus demonstrating a clear self-prioritisation effect. These results are a first 

demonstration that a voice does not need to be self-generated in order to become 

integrated into our concept of self and thus be prioritised in perception as a self-

relevant stimulus. Given that voices need to be generated by an individual in order to 

exist (Scott & McGettigan, 2015), such an active signal should be intrinsically 

representative of another. Yet, this other-related social stimulus can be perceived as 

self-relevant by becoming associated with the self through ownership.  

 

This finding is important when considering people who are unable to always use their 

own, self-generated voice to communicate. Specifically, the results support the notion 

that an alternative vocal signal could quickly become personally relevant as a means 

of self-expression.  

 

In Experiment 2, I began to explore which factors might increase the bias afforded to 

a voice and, specifically, whether a voice would be made more self-relevant if it was 

gender-matched to the participant. However, I found no evidence to support this 

hypothesis; reaction times and perceptual sensitivity did not differ between gender-

matched self-voices and non-gender-matched self-voices. Here then, gender-

matching the new self-voice to the listener did not significantly moderate prioritisation 

of that voice. Instead, a significant self-prioritsation was evident in both groups for both 

RTs and accuracy. 

 

Given how important voices are to representing our self (McGettigan, 2015), it might 

be surprising that a more personalised means of vocal expression did not generate a 

stronger bias, or greater prioritisation. In the memory literature, for instance, 

Cunningham et al. (2011) suggests that the strength of an item’s encompassment 

within the self should, intuitively, be moderated by how far the item is 

autobiographically consistent and by how far it matches personal tastes and goals. 

Relatedly, Golubickis et al. (2019), have demonstrated that new stimuli are prioritised 
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according to their identity relevance. Specifically, a stimulus that was associated with 

the self through a concept of high identity-relevance (i.e. musician) was more 

prioritised relative to a stimulus associated to a low identity-relevant concept (e.g. 

athlete). From this study, it might be predicted that a more identity-relevant stimulus – 

such as a gender-matched voice – would be prioritised more.  

 

However, in Golubickis et al.’s (2019) study, it was not the identity-relevance of the 

stimulus itself (geometric shapes) that modulated prioritisation. Rather, it was the 

identity-relevance of the concept that the stimulus became associated with (musician, 

athlete). This is mirrored in the current study then; the relevance of the newly 

associated stimuli – the voices – did not modulate prioritisation. Instead, only the 

relevance of the concepts (self, friend, and other) influenced the degree to which the 

voices associated with those concepts were prioritised. As such, the voice associated 

with the self was relatively more prioritised than the friend-voice or other-voice as the 

concept of self was the most identity-relevant concept.  

 

While it is possible that participants simply did not perceive a gender-matched voice 

to be more self-relevant, this null result gives rise to two further lines of enquiry. First, 

it must be considered that self-bias does not prioritise stimuli to different degrees 

according to their self-relevance. Rather, it may be a more binary system that 

determines whether a stimulus is, or is not, prioritised over others. In the current study, 

three unfamiliar voices became associated with the concepts of self, friend, and other. 

Within this task, the concept of self will always be the most identity relevant and so 

whichever stimulus is associated to that concept should be prioritised over the stimuli 

associated with either friend or other. If, however, participants were presented with 

two self-relevant options – for instance, a self-owned voice that was more identity-

relevant (i.e., gender-matched) and a second self-owned voice that was relatively less 

identity-relevant (i.e., gender mismatched) – the more identity-relevant voice may be 

prioritised over the other in this instance. Here, however, I have assessed whether a 

self-owned voice is prioritised over a friend, or an other’s voice to a greater degree 

because it is more identity-relevant and, indeed, it is not.  
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Second, it is possible that, in this context, it was irrelevant whether the new self-voice 

could more accurately represent the self or not. The perceptual matching task does 

not require social interaction; the new self-voice was never used as a primary means 

of sharing or representing the self-identity. Thus, it could be that a new voice which 

matches a participant’s gender-identity may only be perceived as comparatively more 

self-relevant when that gender-identity is actively conveyed to others. Therefore, it 

may be that a communicative context and use of the voice to represent the self could 

modulate the bias afforded to it. This question is explored further in Chapter 6.  

 

If bias over a new self-owned voice is not modulated according to how identity-relevant 

that voice is, Experiment 3 asked whether self-bias would be increased if the 

participant made a personal choice to take ownership of the voice. Specifically, I 

examined whether participants showed quicker reaction times and higher accuracy to 

the self-voice – relative to the friend-voice and other-voice – when the self-voice was 

chosen by the participant as compared to when it was randomly allocated.  

 

The results showed that having a choice over the self-voice did interact with perceptual 

prioritisation. However, the shift in prioritisation did not manifest as quicker reaction 

times and increased perceptual sensitivity to the chosen self-voice relative to the 

unchosen self-voice. The interaction arose instead due to reduced performance for 

the friend-voice which had been rejected as a self-voice. In this instance, the friend-

voice was processed as if it were an other’s voice, with equivalent RTs for friend and 

other. Conversely, when the self-voice was randomly allocated and none of the voices 

were chosen nor rejected, there remained the typical distinction between the self-, 

friend- and other-voice.  

 

While this indicates that choice increased the perceptual separation of the self-voice 

from the other identities, it seems to have happened via “othering” of the friend-voice 

rather than enhanced prioritisation of the self-voice per se. Interestingly, Huang and 

Wu (2016) have previously shown that the bias for self-owned items relative to other-

owned items can be driven not only by more positive judgments for the self, but also 

by a negatively biased view towards the other-owned items. That is, in comparison to 

self-relevant stimuli, information relating to others can also be subject to derogation 
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(Huang and Wu, 2016). It is possible then that in rejecting the friend’s voice as a 

possible self-voice, participants valued it relatively less and were negatively biased 

towards it. This could have led to its relative deprioritisation and, in turn, the increased 

distance between self and friend when the self-voice was chosen.  

If this is the case though, it is unclear why the same ‘other-derogation’ and 

deprioritisation was not applied to the other’s voice, which was also rejected as a 

potential self-voice. It is possible that processing of the other-associated stimulus in 

the perceptual matching task reflects the standard by which all non-self-relevant 

stimuli are perceived in the absence of self-bias. Against this baseline then, perception 

is relatively biased towards stimuli that are more self-relevant, including the friend’s 

voice which is, socially, more self-relevant than an ‘other’. However, more work may 

need to be done to fully elucidate how both choice and rejection in what becomes self-

owned are valued, and how this shapes perception.  

Furthermore, future studies may also benefit from exploring the interplay of ownership 

versus agency (i.e., choosing to take ownership) in this paradigm. Huang et al., (2009) 

have previously shown that people were biased towards items they chose to own 

relative to items they had been assigned ownership of. However, they were not biased 

towards items they had chosen for another participant to own. This suggests that 

stimuli may be perceived as especially self-relevant when they are both self-owned 

and self-chosen but that it is self-relevance itself that underpins the attribution of bias. 

Notwithstanding, the current study could be extended with a manipulation of whose 

voice is chosen, with some participants selecting the voice to represent themselves, 

and some choosing which voice should be assigned as the friend’s voice. 

In this initial suite of studies, I have begun to qualify which factors influence our 

perception of what is self-relevant or not and, thereby, which factors may aid the 

incorporation of a new, externally-generated voice within the self. I have shown that a 

new voice can be incorporated into the self after only brief exposure, as evidenced by 

a self-prioritisation effect in all three experiments. Moreover, personal choice in picking 

which voice to own may make it more self-relevant and allow that voice to be relatively 

more prioritised in comparison to voices that have been rejected. Finally, although 

matching the new self-voice to the gender-identity of the participant did not here 

modulate prioritisation of it, it is possible that the absence of an effect is due to the 



2. Perceptual prioritisation of a new self-voice 

___________________________________________________________________________ 

 
66 

lack of a need to use this voice to represent oneself socially within the task. Given that 

the voice is a highly salient social stimulus, a more immersive, social interaction-based 

paradigm, in which the new self-voice is actively used to achieve communicated goals, 

could elicit a stronger bias than I have shown here. In such a context, prioritisation 

may be modulated by how closely the vocal stimulus can represent the self, including 

the gender identity of the speaker. This is explored further in Chapter 6.  

 

Overall, the current results support the case for more personalised voices, at least to 

the extent that the speaker should have agency in choosing their new auditory identity. 

I have provided the first evidence that it is possible to incorporate a new voice into our 

concept of self, despite the fact that it should be perceived as belonging to an ‘other’. 

Furthermore, this voice need not be self-generated in order to be deemed self-

relevant. These studies thereby highlight the extent to which what is ‘self’ is flexible 

and can be adapted quickly to optimize perception towards what is immediately self-

relevant. It remains unclear whether this new self-voice is incorporated into the 

physical representation of self sufficiently to alter perception of the true self-voice. 

However, on this data alone, it is evident that self can, at least temporarily, be 

dynamically extended to incorporate a new vocal identity.  
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3 Sense of agency over a new self-voice 
 
 
 

Abstract 
 

Within Chapter 3, two experiments explore sense of agency over a new, self-voice. 

Sense of agency is the feeling or belief that “I have caused that outcome”. If a new 

voice has been incorporated into the self-concept through a sense of ownership over 

it, participants may also experience a greater sense of agency over it, relative to the 

voices of others. Sense of agency is typically measured by a perceived compression 

of time between a self-generated action and its outcome, in comparison to the time 

between a passively heard cue-tone and the same outcome. After an initial pilot study, 

Experiment 4 examined sense of agency over the self-voice relative to an other-voice 

when either voice was presented as the outcome of participants’ actions. Results 

showed that participants perceived the time between their actions and the self-voice 

outcome to be relatively more compressed than when the outcome was the other-

voice. This indicated a greater sense of agency over the self-voice. Experiment 5 

furthered this by manipulating participant’s engagement with postdictive cues 

regarding whether a voice belonged to self or other. Results replicated from 

Experiment 4 and further showed that sense of agency over a self-voice was increased 

when the relevance of the self-voice was emphasized. However, these results are 

tempered by the finding that a voice being self-owned or not similarly affected trials in 

which participants had no agency in generating an outcome. This may indicate that 

the effect of ownership over a voice interacts with temporal judgements outside of 

participants’ sense of agency. Taken together with the previous findings of perceptual 

prioritisation of a new self-voice, these experiments expand the examination of 

integrating a new voice into the self-concept and how that voice may affect perpetual 

processing more widely thereafter. 
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3.1 Introduction 

People behave with intentionality and thus have agency and control over their actions.  

Having agency is not only central to the self-concept but, more widely, to how self and 

other are differentiated and held accountable. Indeed, agency underpins the concept 

of responsibility and of self-awareness. Its centrality to our self-experience is illustrated 

by the fact that this agency is recognised by the criminal justice system (Haggard, 

2017, p. 196); people typically act with intention. To navigate the world, it is essential 

that we understand the causality between our actions and their outcomes. This allows 

us to produce the intended outcome and to differentiate between the outcomes we 

ourselves have caused and those we have not. Relatedly, the experience or belief that 

“I have caused that” is known as our sense of agency (Gallagher, 2000).  

 

Although Sense of Agency (SoA) has previously been measured by asking people to 

explicitly judge whether they caused an outcome or not, it is more commonly assessed 

by implicit measures using an intentional binding paradigm (Haggard, Clark, 

Kalogeras, 2002). According to Haggard (2017), people are rarely required to make 

explicit judgements of their agency in real life; an implicit measure – that captures the 

feeling of agency when no explicit evaluation of control is required – may therefore be 

more ecologically valid. 

 

In an intentional binding paradigm (Haggard, Clark, Kalogeras, 2002) participants are 

asked to make temporal judgements about the times at which a) their voluntary, 

intentional, actions occur (i.e., a button press) and b) when the sensory outcome to 

that action occurs (i.e., an auditory tone).  In the original intentional binding paradigm, 

participants judged the timings of these events by reporting where the hands were on 

a clock face when they occurred (see Figure 7). This measure of temporal judgement 

is called the Libet Clock method (Libet, Gleason, Wright, and Pearl, 1983). Importantly, 

participants were asked to judge the timings of actions and outcomes both when these 

events occurred sequentially – as causally related events – but also when either the 

action, or the outcome, occurred in isolation. The trials in which the events occurred 

in isolation were then used as baseline trials; temporal judgements could be compared 

against trials in which actions and outcomes both occurred.  
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The results consistently revealed that participants perceived a compression of time 

between an action and its outcome. Specifically, participants perceived their action as 

occurring later than it actually did when a sensory outcome followed it (i.e. when the 

action didn’t occur in isolation) and, moreover, the outcome was perceived as 

occurring earlier than it actually did when it was the result of self-generated action (i.e. 

the outcome followed an action) (Haggard et al., 2002). Thus, the time between a 

voluntary action and its sensory outcome was shown to be bound together and 

compressed perceptually. This perceived compression of time between a self-caused 

action and its outcome (Haggard, 2017) is widely established as an implicit measure 

of sense of agency. 

 

The source of this compression of time, the binding of the two events, was theorised 

to be a result of the intentional nature of the action. Specifically, that critical 

sensorimotor events are bound together to allow us to experience a sense of agency 

25 

 

Figure 7.  The typical trial structure in the active condition of a temporal binding 
paradigm using the Libet Clock method (i.e., Haggard, Clark, & Kalogeras, 
2002). Participants make a voluntary keypress and, after a delay, hear a tone. 
The task is to estimate the position of the clock hand either when they pressed 
the key, or when the outcome tone sounded. Figure is reproduced from Moore 
& Obhi, 2012.  
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over outcomes our voluntary actions have caused (Moore and Obhi, 2012). Indeed, 

the same effect of binding was absent or diminished for the outcomes of involuntary 

actions (i.e., induced via TMS; Haggard et al., 2002), suggesting that action-intention 

was key to binding. Hence, this temporal phenomenon became known as intentional 

binding (Haggard, Clark, Kalogeras, 2002). 

The intentional binding effect – and the warped perception of time– has been robustly 

replicated since, using the original Libet clock method and by an interval estimation 

task (Engbert, Wohlschläger, Thomas, and Haggard, 2007). The latter task more 

simply asks participants to judge the duration of an interval between an action and its 

outcome rather than the timings of the two events separately, which lessens the 

cognitive load (Muth, Wirth and Kunde, 2021). Within the interval estimation task, 

sense of agency is typically derived from the perceived compression of time between 

a participant’s voluntary action (i.e., keypress) and its subsequent outcome in an active 

condition (see Figure 8), relative to a passive condition. The passive condition 

comprises a cue-stimulus instead of an intentional starting action, that is then followed 

by an outcome. For instance, previous studies have used a forced involuntary action 

(Engbert et al., 2008), an auditory tone that is passively heard as a cue-stimulus 

(Imaizumi & Tanno, 2019), or a visual stimulus that is passively observed (Cravo, 

Claessens, & Baldo, 2009; Suzuki et al., 2019). In each instance, the passive cue-

stimulus is followed by the same outcome as in the active trials. Thus, a binding effect 

is deemed present if interval estimates are significantly reduced in active trials – in 

which participants have agency in generating an outcome – and the passive trials, in 

which they do not.  

For instance, in the seminal paper by Engbert et al. (2008) the authors manipulated 

both the agency (i.e., active, passive) as well as the agent (i.e., self, other), to assess 

the importance of the action being intentional and self-generated. As such, their study 

involved four conditions: an active-self condition in which participants voluntarily 

pressed a lever; a passive-self condition, in which participants were forced to press 

the lever involuntarily; an active-other condition, in which participants observed the 

voluntary action of another person pressing the lever and finally; a passive-other 

condition, in which participants observed another’s forced action to press the lever. In 

all conditions, the outcome was an auditory tone played after an interval and the task 
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was to verbally estimate the duration of the interval. Notably, their results revealed a 

significant interaction between agency and agent; there were shorter interval 

estimates in the active conditions relative to the passive conditions only for the 

conditions involving the self. Thus, intervals terminating in outcomes generated by the 

participants’ own voluntary action (active self) were estimated to be significantly 

shorter than those intervals following an involuntary action (passive self). However, 

when only observing actions of others, interval estimates did not significantly differ 

between active and passive trials. This supported the notion that it is the intention to 

act that alters how the outcomes of those actions are perceived and thus gives rise to 

this perceptual compression of time. Moreover, that only under conditions of agency 

are modulations to people’s sense of agency (such as self vs other) likely to become 

apparent.  

 

Figure 8. The typical trial structure in the active condition of the temporal 
binding paradigm using an interval estimation task (i.e., Engbert, et al., 
2007). Participants make a voluntary keypress and, after an interval, hear 
a tone. The task is to estimate the duration of the interval. Figure is 
reproduced from Moore & Obhi, 2012.  
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Accordingly, several previous studies which have since explored differences in sense 

of agency (as opposed to whether participants experience a sense of agency or not) 

do not use a passive condition at all (Barlas & Kopp 2018; Obhi, Swiderski, & 

Brubacher, 2012; Ulloa, Vastano, George, & Brass, 2019; Zopf, Polito, & Moore, 

2017). Instead, differences in sense of agency are assessed by an interval estimation 

task in active trials only according to the manipulation of interest. For instance, 

previous studies have required participants to make an action and then the 

congruency of the outcome has been manipulated (Zopf, Polito, & Moore, 2017), or 

the emotional valence of the outcome (Moreton, Callan, & Hughes, 2017), or Obhi, 

Swiderski, & Brubacher (2012) even manipulated how powerful people were primed 

to feel before making an action and experiencing the outcome. In such studies, a 

condition that gives rise to lower interval estimates would be said to show greater 

binding – and so greater agency – than a condition with higher interval estimates 

(Caspar, Desantis, Dienes, Cleeremans, & Haggard, 2016). Thus, it is assumed within 

such studies that when an action is made, people have a sense of agency over that 

outcome. The interval estimation task is then used to derive differences in strength of 

agency for actions and outcomes under certain conditions.  

 

The variations in assessing sense of agency may partly underlie the mixed results that 

have arisen from such studies. For instance, it remains unclear whether it is action-

intention, specifically, that drives the temporal compression. In the original study, the 

trials in which participants made an action (e.g., a keypress) were contrasted with trials 

where participants made involuntary actions that were induced by TMS (Haggard et 

al., 2002). In both conditions the outcome to these actions was an auditory tone. The 

presence of temporal binding between voluntary actions and the outcome – in 

comparison to involuntary actions and the outcome – led to the conclusion that the 

source of temporal binding was action intention. However, these two conditions differ 

by more than the lack of action intention. For instance, when participants are not in 

control of the action (i.e., in involuntary action trials), they also have less temporal 

control (Desantis et al., 2012; Hughes et al., 2013). This means the temporal onset of 

the subsequent outcome is less predictable. Therefore, the relatively reduced binding 

in this baseline condition may instead reflect the diminished temporal prediction rather 

than the absence of action intention (Pariyadath & Eagleman, 2007).  
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Further studies into this phenomenon cast growing doubt on action intention being the 

source of binding. Buehner (2012) highlights that sense of agency studies often 

conflate intention and causality. When generating the action intentionally, it may be 

easier to infer causality between that action and its outcome than when the action is 

involuntary or passively observed (Kirsch, Kunde, & Herbort, 2019). Therefore, it is 

possible that binding in the intentional action trials reflects only greater causal 

inference (Buehner, 2012; Eagleman & Holcombe, 2002). This argument is supported 

by the finding that temporal binding can even be shown between involuntary actions 

and their outcomes – that is, for action without intention – as long as self-causation 

has been implied (Dogge et al., 2012). Moreover, this binding is of equal magnitude to 

that demonstrated in earlier studies involving intentional action (Suzuki et al., 2019). 

Given this more recent evidence, this binding effect can also be referred to as temporal 

binding; allowing for the fact that action intention may not be as fundamental to the 

effect as first thought. 

 

The finding that implied causation is sufficient to elicit binding is important because it 

also shows that our subjective experience can be modulated postdictively. Unlike the 

models proposing that it is action-intention – which relies on feed-forward mechanisms 

– that is the source of the temporal compression, this instead shows that it is possible 

for our perception and causal inference to be influenced by many different cues at 

different time points. This includes cues that alter our perception of time retrospectively 

(Stetson et al., 2006). The postdictive modulation of our sense of agency is further 

supported by a study by Takahata et al. (2012). Specifically, the authors manipulated 

the affective valence of outcomes and found that when it was a negative outcome 

(e.g., monetary loss), binding was attenuated. According to the authors, the fact that 

participants experienced a lesser sense of agency over actions which resulted in 

negative outcomes, highlights a self-serving bias in effect (Takahata et al., 2012) 

which postdictively modulates our perception. Notably, this explicitly shows that the 

degree of binding – and the sense of agency we experience – is intrinsically linked to 

the self-concept which pervasively biases our cognition.  

 

Further to the original study then, it is evident that a range of cues can influence our 

subjective experience of time and the causality we infer between events. These cues 
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include, but are not limited to: congruency between an action and its outcome and 

reliability of the outcome (Legaspi & Toyoizumi, 2019; Wolpe et al., 2013); inference 

of authorship (Ebert & Wegner, 2010); prior belief (Desantis, Roussel, and Waszak, 

2011); efferent motoric information (Moore & Obhi, 2012); and the social context of 

the action (Pfister, Obhi, Rieger and Wenke, 2014). Overall, the above studies show 

that we experience a warping of time between our actions and their outcomes as long 

as we believe that we caused them.  

 

Temporal binding studies typically examine agency between self-generated actions 

and the subsequent self-associated outcome. Thus, these studies rely on the implicit 

assumption that a self-generated action will cause a self-associated outcome precisely 

because it is self-generated. Interestingly though, binding can be postdictively 

modulated by prior beliefs regarding causality and self-bias (Desantis, Roussel, and 

Waszak, 2011), which suggests that an outcome being self-associated could 

postdictively imply that a self-generated action caused it. Thus, this paradigm could 

be inverted to measure whether certain outcomes are deemed self-associated enough 

to imply prior self-generated action. This offers an opportunity to test which sensory 

outcomes we can causally link to ourselves.  

 

Here then, I ask whether an outcome that should not be possible for us to self-generate 

– the voice of another – can still be experienced as a sensory consequence of our 

action if the voice has previously become associated with the self through ownership. 

Earlier work presented in this thesis has demonstrated that we can incorporate a new 

voice into our concept of self and subsequently prioritise it in perception as a self-

associated voice, even though it is the inherent biological property of another. In the 

current study, I explore whether temporal binding can be demonstrated between a 

self-generated action and a vocal outcome, if that outcome is a newly self-associated 

voice. To do so would not only demonstrate that we experience a sense of agency 

over that new voice but, ipso facto, that the new self-voice has been sufficiently 

incorporated into the self to be causally linked as a possible outcome of self-generated 

action. Such a result would therefore corroborate the previous findings presented in 

Chapter 2, that people can integrate a new auditory identity into their concept of self 
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and, in turn, experience that new voice as ‘mine’ strongly enough to perceptually 

prioritise it and feel a sense of agency over it.  

 

This rest of this chapter presents results from two experiments and associated pilot 

studies. First, I outline the procedure for the interval estimation paradigm that is used 

across all the experiments. Second, I detail pilot work that aimed to systematically 

measure how this procedure – specifically the differential trial structures in active trials 

(e.g., trials involving intentional action) and passive trials (e.g., those with no action) – 

can influence the degree of temporal binding. The results from the pilot influenced the 

task design of the two subsequent temporal binding studies that I then discuss. In 

Experiment 4, I asked whether there is an increased sense of agency over a new, self- 

voice using an interval estimation paradigm. Experiment 5 further examined temporal 

binding and the influence of self-association on the way we postdictively infer 

causality.  

3.2 General Methods 

3.2.1 Interval Estimation Task 

Sense of agency is implicitly determined by measuring the perceived compression of 

time between two events: an action and its outcome. However, within the previous 

literature it remains inconsistent whether this compression of time between an action 

and its outcome is compared to a passive condition (with shorter interval estimates in 

the active condition being indicative of agency) or; is compared within the active 

condition relative to other actions and outcomes (with shorter interval estimates for 

any condition within active trials being indicative of a greater sense of agency). In light 

of these discrepancies, the experiments within this thesis derive a sense of agency by 

comparing a condition of agency (active condition) to one of non-agency (passive 

condition) according to the original paper by Haggard, Clark, & Kalogeras, (2002). 

Further, I employ an interval estimation task as in Engbert, Wohlschläger, Thomas, 

and Haggard (2007). This study by Engbert et al. provides the closest test case for the 

current study as the authors investigated both a condition of ‘agency’ (i.e., whether an 

action was voluntarily made or not: active or passive) and also a condition of ‘person’ 

(i.e. who made the action: self or other). Thus, within both active and passive trials, 

there was a further manipulation pertaining to ‘self or other’.  In line with this, agency 
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is here derived overall by shorter interval estimates in the active trials relative to the 

passive trials and differences in agency are derived according to trials featuring ‘self’ 

or ‘other’ within both active and passive trials.  

 

In the studies within this thesis, the interval estimation task ran as follows (see Figure 

9).  

 

In the active condition, the first screen said “Waiting…” in black letters in the centre of 

a white screen. The participant was instructed that whenever they saw this screen, 

they could press ENTER at any time of their choosing. When they pressed ENTER, 

the screen went blank and there was a period of silence – an interval – lasting either 

100ms, 400ms, or 700ms. After the interval, an auditory stimulus played; a voice clip 

lasting ~500ms. This voice clip was the outcome of the button-press and was either 

the self-voice or an other’s voice. After the voice clip had ended, there was a further 

500ms wait with a blank screen. The participant was then asked to estimate the 

duration of the interval period; the length of the silence between when they pressed 

Figure 9. The trial structure used in the temporal binding paradigm within 
Experiment 4. The paradigm utilises an interval estimation task (i.e. Engbert, 
et al., 2007) involving both active and passive conditions (blocked). Trials in all 
conditions begin with a screen that says ‘Waiting…”. In active trials, participants 
then make a keypress prior to the interval. In passive trials, a 100ms cue-tone 
is heard prior to the interval. Participants hear either their self-voice or the 
other-voice after the interval. Participants judge the duration of the interval 
between either their voluntary keypress or the tone and the subsequent 
outcome (self-voice or other-voice).  
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ENTER and when they heard the voice clip. Although this interval was always fixed to 

be one of three durations (100ms, 400ms, 700ms), participants were led to believe 

that this interval could be of any duration between 1-1000ms. Participants made their 

estimation response via a slider and clicked ‘Next’ to continue. The next trial 

automatically begins after this response and the initial “Waiting…” screen appeared 

again. No feedback was provided at any time.  

 

In the passive condition, the “Waiting…” screen appeared as the first screen but there 

was no initial action from the participant – they did not press ENTER. Instead, the 

“Waiting…” screen remained visible for between 600-800ms with the exact period 

jittered across trials. This jitter was used to, as closely as possible, match the active 

condition in which participants pressed ENTER at a time of their choosing. According 

to a pilot study of 60 participants by Imaizumi & Tanno (2019), participants pressed 

the ENTER key after 703.6 ms on average (standard error of the mean 69.7). Thus, 

trial onset times of between 600-800ms mirrored the average time participants waited 

before voluntarily making the key-press. The “Waiting…” screen was ended by the 

onset of a cue tone instead that passively marked the offset of that screen and the 

onset of the interval. The interval was randomised to last either 100ms, 400ms, or 

700ms, as in the active trials. After the interval, participants heard the same auditory 

stimulus as in the active trials – a voice clip lasting ~500ms. Again, the voice clip was 

either the self-voice or an other’s voice. Participants were then asked to estimate the 

duration of the interval between hearing the tone and hearing a voice and made their 

response on the same slider as in active condition. No feedback was provided at any 

time. 

 

There were four blocks: two blocks of active trials and two blocks of passive trials. The 

order of the blocks was randomised across participants. In each block, there were 30 

trials (120 total) with each interval duration (100ms, 400ms and 700ms, with 

randomised presentation) presented an equal number of times in both active and 

passive conditions.  

 

Finally, participants also completed 10 practice trials in which they were exposed to – 

and instructed through – both active and passive conditions. In these practice trials, 
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participants did not hear a voice clip as the outcome of their actions but instead heard 

a click sound. Participants therefore had to estimate the time interval between key 

press and a click (active condition) or between a cue tone and a click (passive trials). 

The 10 practice trials each featured a different interval duration that ranged from  

1-1000ms (i.e., the interval here was not fixed at either 100ms, 400ms, or 700ms), and 

participants received feedback on the actual interval duration after their estimation. 

After the interval estimation task, participants were debriefed and paid for their 

participation.  

3.3 Pilot Study 

It was critical for these the two agency conditions – active and passive – to be as 

closely matched as possible apart from the absence of action. This was to ensure that 

any difference in interval estimation between the two conditions could be derived as a 

difference in the sense of agency, and not because of the alternate task structure. In 

the procedure outlined above, the action in the active trials was a self-generated key-

press and the equivalent cue in the passive trials was passive exposure to an auditory 

tone. This “active key-press or passive cue-tone” design replicates previous temporal 

binding studies. Importantly though, these studies use cue tones of different durations 

in the passive trials, specifically; 50ms (Pfister et al., 2014), 100ms (Imaizumi and 

Tanno, 2019) and 200ms (Desantis, Hughes, Wazsak, 2012). Here I examined 

whether these different cue-tone durations influence the perceived duration of the 

interval that follows it. If the interval duration is modulated by the cue tone duration, 

the difference in interval estimates for active and passive may not reflect only a 

difference in binding – and therefore of agency – but, rather, the difference in task 

structure across conditions.   

 

The pilot study therefore manipulated the duration of the cue tone (50ms, 100ms, 

200ms, and 400ms) and assessed the effect of these durations on subsequent interval 

estimates and, therefore, on temporal binding.  

 

3.3.1 Participants 

56 participants (age range = 19-40, mean age = 26.4 years, sd = 5.42 years, 28 

female, 28 male) were recruited online via Prolific (www.prolific.ac). This data set 
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arose following the exclusion and replacement of 3 participants based on exclusion 

criteria outlined below. Participants were recruited as native speakers of English with 

no visual or hearing difficulties, and tested online using Gorilla (gorilla.sc, Anwyl- Irvine 

et al., 2019). Participants also had to have an approval rate of over 90% on the 

recruitment platform to be eligible, and were required to use Google Chrome as their 

internet browser. Finally, all participants had to pass a headphone check to ensure 

they were wearing headphones and were able to hear the stimuli.  

 

Here, and in all further experiments within this thesis, a quicker and alternative 

headphone screening task was used in comparison to Experiments 1-3. Milne et al., 

(2020) provided implementation for a new headphone task based on the Huggins 

Pitch, an illusory pitch percept which can only be detected when stimuli are presented 

dichotically. Specifically, when wearing headphones, participants should be able to 

perceive a faint pitch within white noise due to a phase shift of 180° in only one 

channel. Thus, this pitch is not available when the noise is played over loudspeakers. 

In the task itself, participants heard three white noise stimuli and were asked to judge 

which one contained the hidden percept. As in the previous headphone task (Woods, 

Siegel, Traer, & McDermott, 2017) participants underwent six trials and only 

participants with 100% accuracy in detecting the hidden percept were eligible to 

continue. The screening task took less than 3 minutes to complete.  

 

Ethical approval was obtained from the Departmental Ethics Committee in Speech, 

Hearing and Phonetic Sciences at UCL (SHaPS-2019-CM-030). Informed consent 

was obtained from all participants prior to testing and participants were paid and 

debriefed upon completion of the study.  

 

3.3.2 Methods 

3.3.2.1 Randomisation 

Participants were randomised into 4 groups. Each group experienced a different cue 

tone duration within the passive trials: either 50ms, 100ms, 200ms, and 400ms. Note, 

the cue-tone duration is not the same as the interval durations, which were the same 

(100ms, 400ms, and 700ms) for all participants.  
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3.3.2.2 Design 

The study consisted of two within-subjects factors “agency” (active vs passive) and 

“interval” (100ms vs 400ms vs 700ms), and one between-subjects factor “cue-tone 

duration” (50ms, 100ms, 200ms, and 400ms).  

 

3.3.2.3 Pre-processing 

For each participant, I calculated a mean interval estimation in each condition e.g. 

Active trials with a 100ms interval were presented 10 times per participant and a mean 

estimate was calculated across these 10 trials. These mean estimations were used 

only as the basis of exclusion criteria (see below). 

 

All trials which were more than 2 standard deviations above or below each participant’s 

mean (per condition) were eliminated, in line with previous studies (Engbert et al., 

2008) as this demonstrated erratic performance. <2% of trials were eliminated on 

these criteria.  

 

Finally, whole datasets of participants whose mean estimates did not increase 

monotonically with the presented interval duration (100ms, 400ms, 700ms) were also 

excluded and replaced as this demonstrates particular difficulty with the task and/or a 

lack of engagement (Suzuki et al., 2019; Caspar et al., 2016).  3 participants were 

excluded on these criteria by checking their mean estimates increased numerically 

with the interval estimate. Their data was replaced until a total of 56 participants (14 

per cue duration) had successfully completed the study.  

 

3.3.2.4 Analysis 

I assessed whether there was a main effect of cue-tone duration on interval estimates 

in the passive trials. The interval estimates were assessed with linear mixed models 

(LMM) using lme4 (Bates et al., 2014) in the R environment (R Core Team, 2013). The 

model is detailed below: 

 

E.g. lmer(interval estimates ∼ cue tone duration + interval + 1 | participant + REML = 

"FALSE") 
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Statistical significance of the effects was established via likelihood ratio tests by 

dropping effects of interest from the appropriate model. For example, to establish 

whether there was a significant main effect of cue tone duration, this predictor was 

dropped from the model that included only the same random effects structure. For all 

analyses reported here, post-hoc comparisons were conducted in emmeans (Lenth, 

2016) and were adjusted for the multiple comparisons via Bonferroni correction.  

 

3.3.3 Results  

Descriptive statistics for estimates at each interval according to the cue tone duration 

are given in Table 4 and plotted in Figure 10. 

 

 

Full model outputs to the LMM are reproduced in Supplemental Table 10. The main 

effect of cue-tone duration was significant (χ2(3) = 9.18, p =.02). Post-hoc 

comparisons showed that interval estimates differed significantly when the cue-tone 

duration was 50ms compared to 200ms (p=.01), with reduced estimates for shorter 

cue-tone durations. This demonstrated that the same time interval between the cue-

tone and the outcome was perceived differently according to the duration of the cue 

tone itself (Figure 10). Indeed, the interval duration of 700ms was perceived as lasting 

for only 553ms on average when the prior cue-tone was 50ms but 694ms when the 

cue-tone was 200ms. This shows that participants’ perception of time – and indeed 

the relative compression of time – may not only be reflective of agency but can also 

be affected by the duration of a proceeding auditory cue. Given that I cannot match 

active and passive trials perfectly – because the passive trials need to include a cue 

tone of at least some duration – it is therefore essential to exercise caution in 

interpreting the difference between interval estimates in active and passive trials in the 

Table 4. Pilot: Mean interval estimates (ms) according to the cue-tone duration.  

 Cue tone duration 

INTERVAL 50ms 100ms 200ms 400ms 

100ms 137 151 201 185 

400ms 336 373 425 400 

700ms 553 599 694 611 
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experiments that follow. Rather, the difference in interval estimates within active trials 

and within passive trials may be more informative in deriving temporal binding.  

 

From this pilot study I have therefore established that the difference in interval 

estimates between active and passive trials may not reflect only a difference in agency 

but, also, the difference in task structure across conditions. Previous temporal binding 

studies have not addressed this issue; currently a temporal binding effect – and so a 

sense of agency – can be derived from the presence of significantly shorter interval 

estimates within the active condition relative to the passive condition (i.e., Imaizumi & 

Tanno, 2019; Engbert et al., 2008). In reporting the forthcoming temporal binding 

experiments in this thesis, I have taken steps to acknowledge the finding of my pilot 

study.  

 

First, I use only one cue-tone duration of 100ms, which is the most frequently used 

duration across previous studies and is as closely matched to the active key-press as 

possible; the average duration of a key-press is 100-116ms (Dhakal et al., 2018). To 

directly compare with previous binding studies, I do still derive a main effect of agency 

from the difference between active and passive conditions. Indeed, a comparison of a 

Figure 10. Pilot 1: Mean interval estimates (ms) according to duration of the 
cue-tone preceding the interval (50ms, 100ms, 200ms, 400ms).  The inference 
bands indicate confidence intervals (CIs). Coloured segments show smooth 
density curves for the full data distribution, while individual dots indicate mean 
estimates per participant.  
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condition of agency relative to a condition of non-agency is deemed a requirement of 

several sense of agency studies (i.e., Haggard et al., 2002; Engbert et al., 2008). 

Critically though, this interpretation is given in full acknowledgement that the difference 

between active and passive may not reflect only a difference in agency but may also 

be sensitive to other factors inherent in the difference in trial structure. Further work, 

that falls outside the remit of this thesis, will be critical to evaluating the temporal 

binding paradigm further and the extent to which factors affecting temporal perception, 

and so interval estimates, may have previously confounded measures of the sense of 

agency.  

3.4 Experiment 4 

3.4.1 Introduction 

A voice cannot exist without prior action (Scott & McGettigan, 2015) and therefore 

voices are always associated with an agent. If we hear a voice, we expect it to have 

occurred via the action of either ourselves or another human. Indeed, voices are so 

strongly representative of an identity that for people who experience auditory verbal 

hallucinations, an imagined, individualised agent can be formulated in 80% of cases 

(Wilkinson & Bell, 2016).  

 

Given that voices are so closely tied to agency, it is surprising that temporal binding 

studies have not examined our sense of agency in the context of voices more 

thoroughly. Currently, only two such studies exist. First, Ohata, Asai, Imaizumi and 

Imamizu (2021) examined the sense of agency over self-produced speech, specifically 

vowel sounds, and how this agency is attenuated by distorting the pitch of the auditory 

feedback. The authors ran an interval estimation task in which the participant’s action 

was their production of speech and the outcome was the auditory feedback. This 

feedback (i.e., their voice) was either presented raw or distorted to be higher in pitch 

or lower in pitch than the original vowel sound. This outcome was presented after an 

interval of either 200ms, 400ms, or 600ms. Shorter interval estimates (e.g., stronger 

binding) were demonstrated for the unaltered feedback relative to the distorted 

feedback; raising or lowering the pitch caused an attenuation in binding and a 

lessening of the sense of agency over that outcome. This study shows that we have a 

sense of agency over our voice actions and the agency we experience is sensitive to 
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cues which lessen the causal link between our action and its outcome. As mentioned 

above, these cues include congruency between an action and its outcome – which 

has been manipulated here. The altered feedback sounded less ‘like self’ than 

expected and the sense of agency over that outcome was therefore reduced.  

 

In contrast to this study, Limerick, Moore & Coyle (2015) demonstrated that there was 

a lesser sense of agency over outcomes that have been generated via a voice 

command compared to outcomes generated via a button press. Specifically, 

participants either pressed ENTER, experienced a 500ms interval and then heard a 

tone or participants said, “Go” and then experienced a 500ms interval and heard a 

tone. Temporal binding was here measured with the original Libet clock method (e.g., 

Haggard et al., 2002) such that participants estimated the interval between their 

actions (saying “Go” or a button press) and an outcome (a tone) both when they 

occurred sequentially and in isolation.  Strikingly, the authors found a significant effect 

of temporal binding for the key-press condition but not for the voice command 

condition.  

 

This study suggests that people have less agency over outcomes they generate with 

their own voice than we might, intuitively, expect. It should be highlighted that this 

study differs to that of Ohata et al., (2021) in that the voice is here the action rather 

than the outcome. Problematically, in the voice command condition in this study, a 

voice recognition interface processed the voice and began the interval at the offset of 

the voice command, rather than the onset. The authors acknowledged, however, that 

participants perceived their action as actually occurring at the beginning of their voice 

command, rather than at the end which would, in effect, lengthen the interval between 

action and outcome. Further, the authors also report that the average time to produce 

the utterance “Go” takes ~300ms. It is possible therefore that the considerably longer 

time it takes to produce this voice command relative to a key-press (~100ms; Dhakal 

et al., 2018) affects the perception of time in the following interval. Indeed, in the earlier 

pilot study, longer cue-tone durations resulted in participants perceiving longer interval 

durations which, in Limerick et al.’s voice command condition, may have been enough 

to diminish any apparent temporal binding.  
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Intuitively, one would expect to see evidence of a sense of agency over our voice 

because we are the agents of our voice. Further, our voice is inherently self-associated 

and, always, the outcome of our self-generated action. The lack of agency in the study 

by Limerick, Moore & Coyle (2015) could be because the outcome was a tone, both 

when the action was a voice command and when the action was a keypress. That is, 

in both instances, the outcome tone had been generated by self-action but it was no 

more self-associated in one condition than the other. In contrast, in Ohata et al.’s study 

(2021) the outcome was the participant’s own voice and so was strongly self-

associated. Here, the authors did show temporal binding and, therefore, a sense of 

agency. It is important then to examine the identity of the outcome and, particularly, 

the specific influence of a self-associated outcome on temporal binding. Previous 

studies implicitly assume the outcome will be self-associated if it has been self-

generated and, thus, most studies do not consider the specific influence of the 

outcome depending on whether it is self-associated or not. To examine the self-

associated nature of the outcome can further our understanding of the sense of 

agency.  

 

Makwana & Srinivasan (2019) has previously examined this in part, by first using a 

perceptual matching paradigm (see Chapter 1 for full procedure) to train new 

associations regarding the outcome. Specifically, participants were asked to associate 

different identities – self, friend, and stranger – each with a different geometrical shape 

–circle, square, and triangle (e.g., Sui et al., 2012). Thereafter, participants completed 

an interval estimation task: participants made a key press (the action) and experienced 

an interval (either 100ms, 400ms, or 700ms), after which either a circle, a square, or 

a triangle (the outcome) was presented visually on screen. Participants estimated the 

time between their key-press and the outcome and did not complete a passive 

condition. Thus, sense of agency was derived from which of the outcomes (self-, 

friend-, other-associated outcomes) gave rise to shorter interval estimations. The 

results showed that participants perceived the interval between their action and the 

outcome to be shorter when the outcome was the shape associated with the self, 

relative to the shapes associated with either friend or stranger. This showed that self-

association can influence our sense of agency and, crucially, enhance it.  
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The present study builds on this by examining sense of agency over a voice that, 

importantly, is not inherently our own but has become self-associated. Here, I asked 

whether there would be a greater sense of agency over a new self-owned voice 

relative to voices associated with others. This relies on the new self-voice having been 

sufficiently incorporated into the self-concept to be causally linked as a possible 

outcome of self-generated action.  

 

3.4.2 Hypothesis  

I hypothesised that participants would have a greater sense of agency over a newly 

self-associated voice relative to a voice associated with an other. Given that 

participants only have agency in generating outcomes in the active trials, modulations 

to their sense of agency should only be apparent within these active trials. Indeed, 

only the active trials are a condition of agency whereas passive trials are a condition 

of non-agency. Thus, if the voice identity of the outcome (self-voice, or other-voice) 

does influence participants’ sense of agency, this would be indicated by an interaction 

between voice identity and agency, with shorter estimates for intervals terminating in 

the self-voice relative to the other-voice, in the active trials only.  

 

3.4.3 Participants 

42 participants (mean age = 27.5 years, SD = 5.66 years, age range = 18–40, 21 

female, 21 male) took part in the study. This data set arose following the exclusion 

and replacement of 5 participants based on exclusion criteria outlined below. A 

minimum sample size of N=41 was determined by an a priori computation in G*Power 

(3.1.3, Faul et al. 2007) in which a medium effect size of 0.6 could be detected in a 

repeated measures ANOVA with α = .05 and power of 1 − β = .90. This sample size 

is in line with previous studies (e.g. Kirsch et al., 2019; Ruess, Thomaschke, & Kiesel, 

2017) in which is it assumed that intentional binding is a medium-effect (d=0.593). Due 

to within-task counterbalancing of voice stimuli, a final sample size 42 participants was 

needed to allow for an equal number of participants (N=7) to complete the task under 

each counterbalanced route.  

 

All participants were recruited online via Prolific (www.prolific.ac) as native speakers 

of English with no visual impairments or hearing difficulties, with over 90% approval 
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rate on the platform. Participants were tested online using Gorilla (gorilla.sc, Anwyl- 

Irvine et al., 2019). Participants were also required to use Google Chrome as their 

internet browser and to pass a headphone check (Milne et al., 2020) to ensure they 

were wearing headphones and able to hear the stimuli.  

 

None of the participants had taken part in any of the pilot studies associated with this 

project and, upon completion of the study, were paid for their participation. Ethical 

approval was obtained from the Departmental Ethics Committee in Speech, Hearing 

and Phonetic Sciences at UCL (SHaPS-2019-CM-030), and informed consent was 

obtained from all participants prior to testing.  

 

3.4.4 Methods 

3.4.4.2 Stimuli 

The voice stimuli were the same as those used in Chapter 2. Specifically, they were 

auditory exemplars of three male speakers and three female speakers each saying 

‘hello’ in Southern Standard British English. All voice stimuli had been rated in an 

earlier pilot and found to be well-matched in social attractiveness, trustworthiness, and 

discriminability. They were further normed for amplitude via RMS-norming (see 

Chapter 2 for full details).  

 

3.4.4.3 Procedure 

The experiment involved three tasks; the first asked participants to choose a new 

voice, the second ensured recognition of that voice compared to others, and the third 

tested the sense of agency over the voice. 

 

Task 1: Choosing a new voice 

Participants were invited to choose 1 of 2 voices to be their new voice and to represent 

them in the rest of the study. Both available voices were gender-matched to the identity 

of the participant, and participants could play a clip from both voices before choosing. 

For each participant, the two voices made available for selection from the total set of 

six available voices were determined first by the participant’s gender (voices were 

gender-matched) and then by counterbalancing, ensuring that each possible pairing 

of voices was available for selection by an equal number of participants across the 
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experiment. After selection, whichever voice had been rejected by the participant was 

discarded and did not then feature in the later tasks. 

 

Task 2: Voice recognition  

Before testing the sense of agency participants had over a new self-voice, it was 

important to test whether participants could recognise that voice and distinguish it from 

the voice of an ‘other’. I therefore ran an adapted version of a perceptual matching 

task (Sui et al., 2012) to train the two new associations: 1) between themselves and 

their new voice, and 2) between an ‘other’ and the other’s new voice.  

 

The task started with passive exposure to each of the two new voices and their 

associated identity label, YOU or STRANGER. Following a 500ms fixation cross, an 

identity label was displayed in the centre of the screen in black uppercase font on a 

white background and remained on-screen for 3000ms. 500ms after the label’s onset, 

an auditory exemplar of ‘hello’ from the correct voice for that label was played, lasting 

approximately 500ms. After the auditory stimulus finished, the label remained on the 

screen until the end of the 3000ms trial. Stimuli were presented in a random order. 

This familiarisation phase consisted of 8 trials, with each label-voice pairing being 

presented four times. This phase thus lasted approximately 1 minute, including on-

screen instructions, and was immediately followed by the test phase.  

 

In the test phase, each trial started with a 500ms fixation cross in the centre of the 

screen, after which an auditory exemplar played for its total duration (approx. 500ms). 

Immediately after the auditory offset, the word ‘YOU’, or ‘STRANGER’ was displayed 

in the centre of the screen. Participants were asked to judge whether the identity label 

on-screen was a match or mismatch to the voice heard and to respond by keyboard 

press as quickly and as accurately as possible. Participants were instructed to press 

the left arrow for ‘MATCH’ and the right arrow for ‘MISMATCH’. This left-right ordering 

of match and mismatch remained constant on all trials, for all participants. Feedback 

was given on-screen for 500ms immediately following every response: a green tick for 

correct, a red cross for incorrect, and text feedback of ‘TOO SLOW’ for responses 

occurring after 1500ms. The next trial began after the 500ms feedback period was 

complete.  
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Participants performed only one block of 40 trials, in which the order of match vs 

mismatch trials was randomized for all participants. Participants were informed of their 

overall accuracy at the end of the block. All participants continued to complete both 

tasks, but accuracy within this voice recognition task was later used as the basis of an 

exclusion criterion (see below).  

 

Task 3: Interval Estimation Paradigm 

The procedure for the interval estimation was the same as in the earlier pilot study 

(see section 3.2.1 for details) with a few key differences:  

 

As before, in the active condition, the first screen displayed “Waiting…” and the 

participant was instructed to press ENTER at any time of their choosing. When they 

pressed ENTER, there was an interval lasting either 100ms, 400ms, or 700ms. 

Critically, after the interval, one of two possible auditory stimuli played: either a clip of 

the voice that they had chosen as a self-voice or a voice they had been told belonged 

to an “other”.  Similarly, in the passive condition, the “Waiting…” screen appeared until 

a 100ms tone passively marked the onset of the interval, lasting either 100ms, 400ms, 

or 700ms as in the active trials. After the interval, participants heard either the self-

chosen voice that belonged to them or the voice that belonged to the other. I selected 

a cue-tone duration of 100ms in the passive trials based on the outcomes of earlier 

pilot work.  

 

There were four blocks: two blocks of active trials and two blocks of passive trials. The 

order of the blocks was randomised across participants. In each block, there were 30 

trials (120 total) such that each voice (self, other) was presented 10 times after each 

interval duration (100ms, 400ms and 700ms, with randomised presentation), in both 

active and passive conditions. After the interval estimation task, participants were 

debriefed and paid for the participation. The whole study took participants 35 minutes 

to complete, on average.  

 

3.4.4.4 Design 

The experiment consisted of three within-subject factors: “agency” (active vs passive),   

“voice Identity” (self vs other) and “interval” (100ms vs 400ms vs 700ms).  
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3.4.4.5 Pre-processing 

For each participant, I calculated a mean interval estimation per participant in each 

condition e.g., Active trials with a 100ms interval were presented 10 times for each 

outcome (self-voice, other-voice) per participant and a mean estimate was calculated 

across these 10 trials. These mean estimations were used only to apply the exclusion 

criteria (see below). 

 

3.4.4.6 Exclusion Criteria 

It was important to ensure that every participant was sufficiently familiar with the voices 

assigned to the self and to the other before participants’ the sense of agency over 

each voice was tested. Task 2 therefore measured participants’ recognition accuracy.  

Participants whose performance accuracy was at or below chance (≤50% + 95% CI) 

were excluded and replaced as this demonstrated a lack of engagement and/or an 

inability to distinguish between the self-voice and the other’s voice. Three participants 

were excluded on this criterion and their data replaced.  

 

In the interval estimation task, whole datasets of participants whose mean estimates 

did not increase monotonically with the presented interval duration (100ms, 400ms, 

700ms) were also excluded as this demonstrated particularly difficulty with the task 

and/or a lack of engagement (Suzuki et al., 2019; Caspar et al., 2016). A further 2 

participants were excluded on this criterion by checking their mean interval estimates 

increased numerically with the interval duration. Their data was replaced until a total 

of 42 participants had successfully completed the study.  

 

Lastly, all trials which were more than 2 standard deviations above or below each 

participant’s mean (per condition) were eliminated in line with previous studies 

(Engbert et al., 2008) as this demonstrated erratic performance. 2.8% of trials were 

eliminated on these criteria.  

 

3.4.4.7 Analysis  

Voice Recognition Task  

In the voice recognition task, I measured trialwise accuracy per participant for both the 

self-voice and the other-voice. Participants were able to perform the task with high 
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accuracy (84%), showing that they were sufficiently able to distinguish between the 

self-voice and the other-voice.  

 

Interval Estimation Task 

Interval estimations were assessed with linear mixed models (LMM) using lme4 (Bates 

et al., 2014) in the R environment (R Core Team, 2013). I ran a model that included 

an interaction between agency and voice identity to first establish whether there were 

significant differences in interval estimates in passive and active trials according to the 

voice outcome: self or other. This model thus included an interaction between agency 

and voice identity, fixed effects of agency (active, passive), voice (self, other) and 

random intercepts of participant and interval. ‘Interval’ was included as a random 

intercept as it was not a factor of interest to the main analysis. Given that all 

participants whose interval estimates did not increase monotonically with the interval 

duration were excluded, it was expected that the effect of interval would be significant 

in every analysis. However, this would merely reflect the fact that interval estimates 

did significantly differ according to the true interval duration of 100ms, 400ms, or 

700ms, as expected. Thus, ‘Interval’ was included as a random intercept within models 

in all further analyses across the thesis.  

 

E.g. lmer(interval estimates ~ agency * voice identity + 1 | participant +  

1 | interval, REML = FALSE) 

 

Statistical significance of the effects was established via likelihood ratio tests by 

dropping effects of interest from the appropriate model. For example, to establish 

whether the interaction was significant, the interaction was dropped from a model 

including the other fixed effects and random intercepts. For all analyses reported here, 

post-hoc comparisons were conducted in emmeans (Lenth, 2016) and were adjusted 

for multiple comparisons via Bonferroni correction.  

 

For LMMs, the models’ estimates and associated confidence intervals for each effect 

are reported. The further away from 0 the estimates are, the bigger the effect. If the 

confidence intervals do not cross 0, the relevant effect is significant.  
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3.4.5 Results 

Descriptive statistics for interval estimates (ms) for both active and passive trials, at 

each interval according to the voice outcome are given in Table 5. 

 

 

To assess sense of agency, I ran an LMM on interval estimates to determine whether 

there was evidence of temporal binding and, further, whether this binding was 

modulated according to the voice identity of the outcome (self, or other). The interval 

estimates are plotted in Figure 11a and 11b and full model outputs from the LMM are 

reproduced in Supplemental Table 11. 

 

Table 5. Mean interval estimates (ms) across conditions in Experiment 4. 

 Active Trials Passive Trials 

INTERVAL Self-voice Other-voice Self-voice Other-voice 

100ms 132 144 159 184 

400ms 311 314 363 365 
700ms 509 527 580 594 
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The interaction between agency (active or passive) and voice identity (self, or other) 

was non-significant. Rather, there was a significant main effect of agency (χ2(1) = 

121.23, p = <.001) showing that interval estimates were significantly lower in the active 

trials than the passive trials (p<.001) across both self- and other-voice outcomes. 

Thus, in the trials in which participants had agency in generating the voice outcome, 

interval estimates were significantly lower. This result is on par with previous studies 

and this effect of temporal binding is typically interpreted as an implicit measure of 

sense of agency. However, as shown in the earlier pilot study, the difference between 

estimates for active and passive trials may also be affected by differences in trial 

structure. Thus, it cannot be concluded that this effect solely represents differences in 

the sense of agency.  

 

Importantly though, there was a significant main effect of voice identity (χ2(1) = 6.837, 

p= .008), showing that interval estimates were systematically lower for intervals ending 

Figure 11a. Experiment 4: Mean interval estimates (ms) according to the 
outcome (self-voice or other-voice), the true interval duration (100ms, 400ms, 
and 700ms), in both active and passive trials. The error bars indicate the SEs 
of the means. Coloured segments show smooth density curves for the full data 
distribution, while individual dots indicate mean estimates per participant. 
Figure 11b. Experiment 4: Mean interval estimates (ms) according to the 
outcome (self-voice or other-voice), collapsed across all conditions. Inference 
bands indicate CIs. Horizontal bars show main effects with asterisks denoting 
significance within estimates as determined by likelihood ratio tests. *** p<.001 
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in the self-voice than the other-voice (p=.008). That is, participants experienced the 

interval preceding the outcome as shorter if the outcome was the self-voice. This 

suggests that participants’ temporal judgements were affected by the presence of a 

self-associated outcome. However, the fact that the main effect of voice identity was 

also present in the passive condition – in which participants did not have agency in 

generating the outcome – requires closer examination as discussed below.  

 

3.4.6 Discussion 

In the current experiment, there were significantly shorter interval estimates in the 

active trials relative to the passive trials which, according to previous literature, shows 

a temporal binding effect and a sense of agency. Thus, the paradigm as implemented 

here has successfully replicated previous findings. It should still be noted though, that 

the difference between active and passive trials may also reflect the differences in task 

structure as suggested by the pilot study. 

 

Of key interest here is the fact that there was also a main effect of voice identity. That 

is, when the interval terminated in the self-voice relative to the other-voice, it was 

perceived as being briefer in duration. In the active trials, participants had equivalent 

agency in producing both outcomes: they made the same action (a keypress) to 

generate either voice. Thus, to generate either voice required the same level of 

temporal control and the same level of action intention, and these internal cues are 

widely reported to influence sense of agency (Haggard et al., 2002; Moore and Obhi, 

2012). The difference in estimates for intervals terminating in the self-voice relative to 

the other-voice, must therefore be by virtue of the outcome itself. Indeed, external cues 

as to the identity of an outcome (i.e., as belonging either to self or other) modulated 

participants’ perception of interval durations. Importantly then, this influence must be 

postdictive, suggesting that peoples’ sense of agency can be retrospectively adjusted 

according to the outcome experienced. It is possible that further cues pertaining to the 

outcome’s identity – as either self, or other owned – enabled participants to derive a 

greater degree of causality between their actions and their outcome when the outcome 

was self-owned.  
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This result tallies with a previous study by Makwana and Srinivasan, (2019), in which 

binding was greater when actions resulted in a self-relevant outcome in comparison 

to actions that resulted in an outcome associated with an other. This finding is key 

because it calls into question the factor driving greater binding and so, sense of 

agency. Typically, greater binding is posited to arise because outcomes have been 

self-generated (Chambon & Haggard, 2012) and/or because their self-generation 

allows for stronger causal belief between the action and its outcome (Desantis et al., 

2011; Haering & Kiesel, 2012). However, these results along with Makwana and 

Srinivasan’s (2019) findings suggest that temporal binding may also be driven by the 

fact that the outcomes are self-relevant. This has been implicitly assumed in previous 

studies as a sense of agency is typically interpreted in conditions when outcomes have 

been self-produced as compared to outcomes that have not been self-produced. Yet, 

inherently, in self-producing an outcome, that outcome will become self-relevant. In 

the current study, the status of an outcome as being self-relevant was partially 

separated from whether it had been self-produced or not; all outcomes were self-

produced, but one outcome was more self-relevant (through ownership) than the 

other. This suggests that the perceived self-relevance of an outcome could play a key 

role in participant’s sense of agency.  

 

In the first instance then, Experiment 4 supports the hypothesis that, in owning a new 

self-voice, people experience a greater sense of agency over that voice. Critically 

though, this result may be tempered by the fact that the effect of voice identity was 

also present in the passive trials. Indeed, there was not an interaction effect as 

predicted by the results of Engbert et al., (2008). This is surprising given that the 

passive trials involved no action and should therefore not reflect a difference in sense 

of agency for each voice. Clearly, self-association influences interval estimates but it 

must be considered that this influence may be unrelated to a sense of agency if it also 

occurs in conditions of no agency.  

 

It remains unclear then why the self-associated nature of an outcome affects temporal 

judgements in the passive trials, a condition of non-agency. Thus, two related 

questions arise from Experiment 4. First, it is interesting that the self-relevance of an 

outcome may affect participants’ temporal judgements. To further probe this, 
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Experiment 5 aimed to increase the relevance of the voice outcome’s ownership (as 

being either self-owned or other-owned) by additionally including a postdictive 

judgement as to whether the outcome was the self-voice or the other-voice. Second, 

I wanted to rerun the study to explore whether the significant effect of voice identity on 

temporal binding in the passive trials would replicate.  

3.5 Experiment 5 

3.5.1 Hypothesis 

I hypothesised that participants would have a greater sense of agency over a newly 

self-associated voice relative to a voice associated with another. This result would be 

indicated via shorter interval estimates for the action-outcome trials in which the self-

voice is the outcome compared to trials in which the outcome is the other-voice. If self-

ownership over a voice affects participants’ sense of agency – rather than temporal 

judgement more broadly – this should be indicated by an interaction between voice 

identity and agency, such that the effect of voice identity is present in the active trials 

only. Conversely, if self-ownership of a voice affects participants’ temporal perception 

more widely – and possibly outside of notions of agency – this should be indicated by 

the effect of voice identity also being present in the passive trials.  

 

3.5.2 Participants 

42 participants (mean age = 28.4 years, SD = 5.83 years, age range = 18–40, 21 

female, 21 male) took part in the study. This data set arose following the exclusion 

and replacement of 7 participants based on exclusion criteria outlined below. 

 

 

3.5.3 Methods 

3.5.3.2 Stimuli 

The voice stimuli were, again, the same as those used in Chapter 2 and here in 

Experiment 4. Specifically, they were auditory exemplars of three male speakers and 

three female speakers each saying ‘hello’ in Southern Standard British English. 
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3.5.3.3 Procedure 

Experiment 5 replicated the procedure of Experiment 4 apart from the addition of a 

postdictive question the voice’s ownership in the interval estimation task (see Figure 

12 below).  

 

 

Specifically, participants experienced the same trial structure as before in both the 

active and passive condition: a key-press/auditory tone, an interval, and then a voice 

clip of either the self-associated voice or the other-associated voice. Participants then 

made their interval estimation response, as before. However, following this, 

participants were additionally asked “Who did the voice belong to? YOU or 

STRANGER” and gave their answer via an on-screen click.  The labels for the two 

voices were chosen as they align with the voice-identity labels in the previous voice 

recognition task. After participants had made their response, the next trial 

automatically began and the initial “Waiting…” screen appeared again to begin 

another trial.  

 

 

Figure 12.  The trial structure used in the temporal binding paradigm within 
Experiments 5-7 and 10. The paradigm utilises an interval estimation task (i.e., 
Engbert et al., 2007) involving both active and passive conditions (blocked). 
Trials in all conditions begin with a screen that says ‘Waiting…”. In active trials, 
participants then make a keypress prior to the interval. In passive trials, a 
100ms cue-tone is heard prior to the interval. Participants hear either their self-
voice or the other-voice after the interval. Participants judge the duration of the 
interval between either their voluntary keypress or the tone and the subsequent 
outcome (self-voice or other-voice). Newly, participants also judge which 
identity self, or other) the voice outcome belonged to.  
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3.5.3.4 Design 

The experiment, as before, consisted of three within-subject factors: ‘agency’ (active 

vs passive), ‘voice’ (self vs other) and ‘interval’ (100ms vs 400ms vs 700ms).  

 

3.5.3.5 Pre-processing 

As in Experiment 4, I calculated a mean interval estimation per participant in each 

condition e.g., Active trials with a 100ms interval were presented 10 times for each 

outcome (self-voice, other-voice) per participant and a mean estimate was calculated 

across these 10 trials. This mean estimation was used only to apply the exclusion 

criteria (see below). 

 

Further, a trialwise measure of accuracy was generated for participants’ responses 

on: “Who did the voice belong to? YOU or STRANGER”.  

 

3.5.3.6 Exclusion Criteria 

Whole datasets for participants whose performance in the voice recognition task was 

at (or below) chance level (≤50% + 95% CI) were be excluded and replaced as this 

demonstrated a lack of engagement and/or an inability to distinguish between the self-

voice and the other’s voice. 4 participants were excluded on these criteria and their 

data replaced.  

 

In the interval estimation task, whole datasets of participants whose mean estimates 

did not increase monotonically with the presented interval duration (100ms, 400ms, 

700ms) were also excluded and replaced as this demonstrated particularly difficulty 

with the task and/or a lack of engagement (Suzuki et al., 2019; Caspar et al., 2016). A 

further 3 participants were excluded on these criteria and their data replaced until a 

total of 42 participants had successfully completed the study.  

 

Further, all trials which were more than 2 standard deviations above or below each 

participant’s mean (per condition) were eliminated in line with previous studies 

(Engbert et al., 2008) as this demonstrated erratic performance. 2.7% of trials were 

eliminated on these criteria.  
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Lastly, given the addition of the postdictive question: “Who did the voice belong to?”, 

I did not analyse erroneous responses. Trials in which the participant had incorrectly 

identified the voice were eliminated. This was because incorrect recognition of the 

voice could affect the inference of causality and therefore the sense of agency; 8.1% 

of trials were eliminated on these criteria.  

 

3.5.3.7 Analysis 

Voice Recognition Task  

In the voice recognition task, I measured trialwise accuracy per participant for both the 

self-voice and the other-voice. Participants were able to perform the task with high 

accuracy (87%), showing that they were sufficiently able to distinguish between the 

self-voice and the other-voice.  

 

Interval Estimation Task  

As in Experiment 4, interval estimations were assessed with linear mixed models 

(LMM) using lme4 (Bates et al., 2014) in the R environment (R Core Team, 2013). I 

ran a model that included an interaction between agency and voice: 

 

e.g. lmer(interval estimates ~ agency * voice identity + 1 | participant +  

1 | interval, REML = FALSE) 

 

3.5.4 Results  

Descriptive statistics for estimates in both active and passive trials, at each interval 

and according to the voice outcome are given in Table 6. Full model outputs are 

reproduced in Supplemental Table 12.  

 

Table 6. Mean interval estimates (ms) across conditions in Experiment 5. 

 Active Trials Passive Trials 

INTERVAL Self-voice Other-voice Self-voice Other-voice 

100ms 152 174 152 187 

400ms 317 350 347 382 
700ms 514 549 559 589 
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The interval estimates are plotted in Figures 13a and 13b. The interaction between 

agency and voice identity was non-significant, as in Experiment 4. However, there was 

again a significant main effect of agency (χ2(1) = 23.439, p = <.001) showing that 

interval estimates were significantly lower in the active trials than the passive trials 

(p<.001) across both self- and other-voice outcomes. Thus, in trials in which 

participants made an action to generate an outcome, they perceived the interval 

between that action and its outcome to be temporally compressed relative to the same 

interval when no starting action was made.  This result, in line with previous temporal 

binding studies, suggests participants had a greater sense of agency in active trials.  

 

Further, there was a significant main effect of voice identity (χ2(1) = 37.985, p = <.001) 

showing that intervals were perceived as being shorter in duration when they 

terminated in the self-voice as compared to the other-voice (p=<.001). Here again, the 

effect of voice identity modulated interval estimates in both active and passive trials. 

Thus, the relevance of an outcome to the self appears to modulate temporal 

perception even in conditions that cannot be underpinned by a sense of agency. This, 

again, calls into question whether the self-associated nature of an outcome can be 

said to influence agency, per se, or whether it affects temporal judgements more 

broadly which are, here, taken as an implicit measure of agency.  

 



3. Sense of agency over a new self-voice 

___________________________________________________________________________ 

 
101 

 

3.6 General Discussion 

In Experiments 4 and 5, I used an interval estimation task to measure temporal binding 

as an implicit measure of sense of agency. I hypothesised that there would be stronger 

temporal binding between actions and outcomes if the outcome was a self-owned 

voice relative to an other-owned voice. Further, that this increased binding for the self-

voice – and so agency over it – could be used to corroborate whether that voice had 

been sufficiently integrated into the self-concept so as to be causally linked to self-

action. The results across these two experiments are mixed.  

 

First, it is apparent that the pattern of results, in which interval estimates are lower for 

intervals preceding a self-voice outcome than an other-voice outcome – is evident in 

both Experiments 4 and 5. Interestingly, the magnitude of the effect of self-ownership 

Figure 13a. Experiment 5: Mean interval estimates (ms) according to the 
outcome (self-voice or other-voice), the true interval duration (100ms, 400ms, 
and 700ms), in both active and passive trials. The error bars indicate the SEs 
of the means. Coloured segments show smooth density curves for the full data 
distribution, while individual dots indicate mean estimates per participant. 
Figure 13b. Experiment 5: Mean interval estimates (ms) according to the 
outcome (self-voice or other-voice), collapsed across all conditions. Inference 
bands indicate CIs. Horizontal bars show main effects with asterisks denoting 
significance within estimates as determined by likelihood ratio tests. *** p<.001 



3. Sense of agency over a new self-voice 

___________________________________________________________________________ 

 
102 

increased from Experiments 4 to 5. This is reflected in the greater significance level of 

the effect in Experiment 5 (Experiment 4: p=.008; Experiment 5: p<.001), the higher 

model estimates (Experiment 4: χ2(1) = 6.837; Experiment 5: χ2(1) = 37.986), and in 

the average difference in estimates in milliseconds for intervals terminating in the self-

voice relative to the other-voice (Experiment 4: 14ms; Experiment 5: 41ms). This may 

be due to the additional postdictive identity judgement in Experiment 5 which 

emphasised whether an outcome was self-relevant or not. Indeed, the only difference 

between the two experiments – other than the sample – was the addition of a 

postdictive judgement task in which participants reported the ownership status of the 

voice. It is possible then that by asking participants to state who the voice belonged 

to, the prominence and self-relevance of the self-owned voice was increased relative 

to the other-owned voice. In turn, the magnitude of the effect of voice identity (i.e. 

whether it was self-owned or not) on temporal binding increased.  

 

This demonstrates that by manipulating participants’ level of engagement with the 

cues signalling whether a voice was self-owned, or other-owned, the identity of the 

outcome postdictively modulated participants’ temporal perception. However, how 

exactly self-association affects interval estimates remains unclear, given that it 

influenced both active and passive trials. Currently, there is only one other study that 

has analysed temporal binding with explicitly self-associated outcomes in comparison 

to outcomes associated with others.  Makwana & Srinivasan (2019) ran an interval 

estimation task in which participants made a keypress and then judged the duration of 

an interval before visual outcomes (i.e., geometric shapes) that had previously been 

associated with self, friend, or other. The authors found shorter estimates for intervals 

preceding the self-associated shape relative to the other identities and thus concluded 

that self-associated stimuli produce stronger temporal binding (Makwana & 

Srinivasan, 2019). However, the authors did not use a passive condition and so the 

results of the current study may be the first to demonstrate that self-association also 

affects interval estimates in conditions of no agency. Moreover, that the relatively lower 

interval estimations for self-associated outcomes may not be indicative of a greater 

sense of agency over those outcomes as this result occurs under a condition of no 

agency. 
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Notably, several previous studies have investigated the factors which may modulate 

sense of agency by assessing differences in interval estimates according to these 

factors within active trials only (Barlas & Kopp 2018; Obhi, Swiderski, & Brubacher, 

2012; Ulloa, Vastano, George, & Brass, 2019; Zopf, Polito, & Moore, 2017.) Within 

such studies, the conditions under which interval estimates are lower are deemed to 

show greater sense of agency. However, Experiment 4 and 5 demonstrate that it is 

also possible that such factors can also affect the interval estimates in the passive 

trials. Given that the passive trials cannot be underpinned by agency, it is possible that 

these factors are not interacting with sense of agency but with temporal judgements 

more widely. This finding may therefore serve as the basis for future research which 

must work to elucidate what the presence of temporal binding in passive trials may 

reflect.  

 

If the influence of self-associated outcomes on temporal judgements is not 

underpinned by a greater sense of agency for the outcome, it remains unclear how 

they interact. The results from Chapter 2 clearly demonstrate that a new self-voice is 

perceptually prioritised, being recognised more quickly and accurately in speeded 

judgement tasks relative to the voices of others. Here then, it could be that the self-

voice outcome within the interval estimation task is perceived and processed more 

quickly because it perceptually prioritised. This quicker recognition of a self-voice once 

it is heard may, in turn, postdictively modulate the perception of the interval duration 

preceding it. The pilot study presented in this chapter has already demonstrated that 

the duration of the cue-tone before the interval can modulate the perception of the 

interval’s duration. Thus, it is possible that the same interval can be postdictively 

modulated too by the perceived duration of the outcome. 

 

Clearly, the finding that participants perceived intervals preceding a self-voice as 

perceptually shorter than intervals preceding an other-voice does not unequivocally 

support a greater sense of agency for the self-voice. In spite of this though, these 

results do show that participants’ temporal perception was modulated according to 

whether the voice was self-owned or other-owned. Given that, prior to this task, both 

voices were equally unfamiliar, this does corroborate that the voice outcomes 

differentially affected temporal judgements by virtue of ownership. Thus, the results 
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from this paradigm support and build upon the previous findings presented in Chapter 

2: by associating a voice to the self through ownership, people not only prioritise it in 

perception, but the status of ownership influences temporal perception. Further 

studies may elucidate the extent to which this biasing of temporal perception is 

underpinned by a greater sense of agency over that self-voice relative to voices owned 

by others.  
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4 Processing the true self-voice versus a new self-voice 

 

 
Abstract 

 

In Chapters 2 and 3, I explored the way in which an unfamiliar voice can become self-

relevant and, thereafter, receive a processing advantage. The fact that this voice has, 

thus far, been unfamiliar has been necessary to determine the precise benefit 

conferred to a stimulus because it has become self-relevant, separately to any benefit 

that might be conferred to a stimulus because it is familiar. Therefore, the extent to 

which people perceptually prioritise their own, highly familiar, voice has not been 

examined. Nor has the extent to which people experience a sense of agency over it 

relative to a new self-voice they have ownership of. These questions form the basis of 

Experiment 6.  

 

Results from a perceptual matching task show enhanced perceptual prioritisation over 

the true self-voice relative to a new self-voice that participants have ownership of. 

Conversely, participants’ sense of agency did not increase over their true self-voice 

relative to a voice they newly owned, as measured in an interval estimation task. 

These results provide a benchmark against which we can derive how far an other-

generated voice can be processed as “self” in comparison to the true self-voice. In 

Experiment 7, participants were given ownership of a new self-voice while their true 

self-voice was presented in-task as belonging to an ‘other’. Results demonstrated that 

the enhanced bias for the true-self voice was diminished when it was owned by an 

‘other’, although participants still attributed bias to a new self-voice which was 

prioritised over others. An interval estimation task also measured participants’ sense 

of agency and revealed that participants experienced greater agency over a voice they 

owned within the task relative to the true self-voice when it was framed as being ‘other-

owned’. Together, Experiments 6 and 7 elucidate the extent to which self-bias is 

flexibly applied according to the context and, further, how participants’ sense of agency 

is influenced dynamically by what they believe is most self-relevant. 
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4.1 Introduction 

The true self-voice differs from a newly self-associated voice in several key ways, all 

of which may affect the bias afforded to it and the agency experienced over it.  

 

First, the true self-voice is much more familiar and this familiarity may confer its own 

benefit. For instance, both identity perception (Kanber, Lavan, & McGettigan, 2021), 

and intelligibility (Holmes, To, & Johnsrude, 2021) are facilitated by familiarity with a 

voice. This is particularly evident in adverse conditions such as when the acoustic 

signal is degraded (Xu et al., 2013) or when in background noise (Johnsrude, Mackay, 

Hakyemez, et al, 2013). Further, familiarity with a voice can also aid the ability to 

ignore it, such as when trying to listen to one voice while suppressing another in a 

busy social setting (Johnsrude et al., 2013).  

 

Greater familiarity with the true self-voice may therefore lead to quicker recognition of 

it relative to a newly self-associated voice. Given that the perceptual matching 

paradigm determines self-bias according to how quickly a voice is recognised as self-

associated or not, this familiarity may interact with the measure of bias; the true self-

voice may appear relatively more prioritised than a newly self-associated voice 

according to faster reaction times and increased recognition accuracy. However, 

whether familiarity actually increases self-bias, or simply aids voice recognition, will be 

difficult to disentangle. Thus, it may be that there is greater prioritisation for the true 

self-voice because its familiarity facilitates recognition but, importantly, that may not 

reflect greater self-bias for the true self-voice as a self-relevant stimulus.  

 

In the wider literature on self-stimuli, a wealth of studies has tried to resolve the issue 

of disentangling self-bias and familiarity. For instance, Bortolon & Raffard (2018) ran 

a meta-analysis of 54 studies focusing only on self-face processing that questioned 

whether the self-face is processed with self-bias or, rather, just as a highly familiar 

stimulus. The results demonstrate that the self-face is shown to consistently receive a 

processing advantage relative to either familiar faces (e.g. faces of family, friends, 

celebrities) or unfamiliar faces in tasks spanning across attention, perception, and 

memory. Thus, the processing of the self-face is regarded as distinct from the way we 

process the faces of other people; there is faster and more accurate processing for 
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the self. This is likely because the greater exposure to the self-face enhances our 

stored representation of it (Bortolon & Raffard, 2018) and also, due to its strong 

association with the self, we both prioritise it and regard it more positively (Ma & Han, 

2010). Thus, this preferential processing arises both because of the greater familiarity 

with the stimulus and because of the advantage for self-associated stimuli. 

 

By examining the true self-voice in the perceptual matching paradigm then, I 

purposefully confound familiarity and self-bias. The aim here is not to disentangle them 

but, rather, to use the paradigm to derive a degree of perceptual prioritsation for the 

true self-voice relative to a newly self-associated voice. If there is enhanced 

prioritisation for the true self-voice, it will remain unclear whether this is driven by 

greater self-bias or by familiarity. However, it is still important to explore because when 

the true self-voice is perceived in reality, it is never stripped of its familiarity. This study 

can therefore provide insight into how the true self-voice is perceived relative to others 

and provide a benchmark of prioritisation against which the processing of a newly self-

associated voice may be compared. 

 

Of course, it should also be noted that perception of the true self-voice within this study 

relies on recognising it on a recording. It is well known that passively hearing the self-

voice on a recording is acoustically different from how it sounds when we speak aloud. 

When we speak aloud there is additional vibrational input via bone and skin 

conductance (Békésy, 1954; Maurer & Landis, 1990) which typically means the voice 

sounds deeper and richer (Kimura & Yotsumoto, 2018) compared to when the voice 

is played back through headphones or a loudspeaker. Despite this perceptual 

disparity, studies have shown that people are good at recognising their self-voice on 

a recording, with recognition accuracy at 89-93% in a study by Hughes and Nicholson 

(2010) and 94-96% in a study by Rosa et al. (2008). Therefore, although the pre-

recorded self-voice may be less familiar to participants than the voice they hear when 

actively speaking, it remains more familiar than a newly self-associated voice. 

 

The familiarity of the true self-voice may also affect participants’ sense of agency over 

it. In comparison to a newly self-associated voice, participants have extensive prior 

experience of having agency and flexible control over the true self-voice. In the 
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previous chapter I showed that participants perceived an interval between making an 

action (i.e., a keypress) and hearing the self-voice to be significantly shorter than an 

interval between making the action and hearing another’s voice. This is, typically, 

indicative of temporal binding and interpreted as there being a greater sense of agency 

for the self-voice relative to the other. The true self-voice is one that participants have 

extensive experience of self-producing. Therefore, this wealth of experience 

participants have of using their true self-voice – which requires agency, motor control, 

and intentionality – may be reflected in the temporal binding paradigm as a greater 

sense of agency over that voice relative to a newly self-associated voice.  

 

Relatedly then, both bias and agency over the true self-voice may differ precisely 

because the true self-voice is a signal that participants have had agency in using and 

one that has been previously self-generated. Studies have shown that self-generated 

outcomes are encoded differently; we recognize writing we ourselves have written 

more easily than if someone else wrote it (Knoblich, Seigerschmidt, Flach, & Prinz, 

2002). Also, we remember words we have said aloud better than words we have only 

read (Maslowski, Meyer & Bosker, 2018). It is possible therefore that simply by being 

self-generated, participants are more biased towards the true self-voice, and 

experience greater agency over it because it is an outcome they have previously self-

produced. 

 

Finally, the true self-voice may be more self-representative and identity-congruent. In 

being the inherent biological property of an individual, the true self-voice conveys a 

multitude of unique identity cues. Previous work examining how the identity relevance 

of a to-be-associated stimulus can modulate how prioritisation of it, and agency over 

it, is limited. Experiment 2 within this thesis asked whether gender-matching a new 

voice to the self would make it more identity-relevant and so increase perceptual bias 

towards it. The results of that experiment suggested that the identity-relevance of to-

be-associated stimuli did not modulate prioritisation. As such, the results suggested 

that only the concept to which a new stimulus was associated (i.e., self, friend, other) 

modulated the degree of prioritisation with which the stimulus was processed. This 

mirrors the finding of Golubickis et al., (2019) who demonstrated that prioritisation can 

be modulated by the identity relevance of group concepts to which the stimulus is 
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associated (i.e., musician, athlete, vegan). In this instance, although all three concepts 

were identity-relevant, the stimulus that was associated with the concept of the highest 

identity relevance was prioritised.  

 

All of these factors – a voice’s self-generation, its greater familiarity, its maximal 

identity-relevance – may make the true self-voice more self-relevant than a newly self-

associated voice that is only self-relevant through a participant’s ownership of it. 

Therefore, assessing how people experience their true self-voice could provide a 

critical benchmark against which we can derive the extent to which an unfamiliar 

stimulus has become self-associated. This benchmark can be used to corroborate our 

previous results. For instance, from the studies presented in Chapter 2 using the 

perceptual matching paradigm, I conclude that unfamiliar, external items such as a 

new voice have become self-associated. This conclusion is based solely on faster 

reaction times and improved accuracy for the self-associated stimulus relative to a 

less self-relevant stimulus (i.e., a voice belonging to a friend or an other). Thus far, it 

could be concluded that any self-owned stimulus will be prioritised equally regardless 

of: a) its level of familiarisation, b) how representative of self it is and, therefore c) how 

self-relevant it is. By investigating self-bias over the true self-voice, we can provide 

key insights into the maximum prioritisation a stimulus may receive.  

 

Similarly, by examining how participants’ sense of agency may differ between the true 

self-voice and a self-associated voice, it will allow the previous temporal binding 

results to be better placed within this context. The true self-voice is a signal that can 

only exist if a participant has previously made an intentional action – requiring agency 

– to use it. Thus, it may be that this is reflected in participants sense of agency over 

the true self-voice outcome in comparison to a voice they have not had agency in 

producing.  

4.2 Experiment 6 

Here I investigated self-bias for the true self-voice within two tasks. First, I assessed 

the extent to which participants perceptually prioritised their true self-voice relative to 

a new self-owned voice, using a perceptual matching paradigm. Second, I assessed 
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the sense of agency participants experienced over it relative a self-owned voice, using 

a temporal binding paradigm.   

 

4.2.1 Participants 

96 participants (mean age = 26.8 years, SD = 6.11 years, age range = 18–40, 48 

female, 48 male) completed the study. This data set of 96 arose following the exclusion 

and replacement of 7 participants based on exclusion criteria outlined below. 

Participants were recruited online via Prolific (www.prolific.ac) as British monolingual 

speakers of English with no visual impairments or hearing difficulties. Only participants 

with over 90% approval rate on the recruitment platform were eligible. Participants 

were also required to use Google Chrome as their internet browser and to pass a 

headphone check (Milne et al., 2020) to ensure they were wearing headphones. 

Ethical approval was obtained and all participants gave informed consent prior to 

testing.   

 

Of these 96 participants, 48 participants (mean age = 27.2 years, SD = 6.35 years, 

age range = 19-40, 24 female, 24 male) were invited to an initial voice recording 

session run remotely online via Gorilla.sc (see Stimuli for full details). Experimental 

participants are therefore those which heard their true self-voice within the tasks. The 

remaining 48 participants acted as controls; all three voices heard within the tasks 

were unfamiliar to them., Each control participant was gender-matched to an 

experimental participant who had previously recorded their voice.  

 

4.2.2 Methods 

4.2.2.1 Stimuli 

Self-voice stimuli 

Participants were asked to ensure they were in a quiet environment with minimal 

background noise and were required to use a laptop/desktop PC with a working 

microphone to record their voice.  

 

Within this voice recording task, participants were first asked to test their microphone 

by recording a short clip of their voice and playing it back aloud in Gorilla.sc. 
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Participants had to report: a) whether they could hear the recording; b) whether it was 

clear; c) whether it was loud enough, before continuing to the main task.  

 

The purpose of this task was to obtain high quality recordings of each participant 

saying “hello” as naturally as possible. The target word, “hello”, was therefore 

embedded in various sentential contexts (see Appendix), which participants were 

asked to read aloud across 12 different trials. Within each trial, the text appeared and 

remained on screen for 20 seconds, ensuring participants had time to comprehend 

and read aloud the required sentence. Alongside the appearance of the text, 

participants heard a voice counting down (e.g., “3…2…1…”) and participants were 

asked to start reading the text at the end of the countdown. This ensured time for the 

recording channel to open and begin recording before the onset of the speech. 

 

The purpose of the first 9 trials was to allow participants time to become accustomed 

to recording their voice, such that their voice might sound more natural by trials 10-12. 

In these final trials, participants were asked to repeat the word “hello” ten times per 

trial, ensuring they took a breath between each iteration. First, participants were asked 

to repeat “hello” in a cheerful voice, then in a neutral voice, and finally a sad voice.  

 

Participants were then debriefed and asked to report any problems or difficulties they 

experienced in completing the task. All participants were paid for their participation 

and informed that they would be contacted if eligible to complete the main study. 

Specifically, if all instructions had been followed and if their recordings were free of 

background noise and of sufficient quality for use. Of these 48 participants, only 3 

produced voice recordings that were unusable. These participants were paid for their 

participation but replaced within the study with a further 3 participants.  

 

Friend- and other-voice stimuli 

A further 4 participants (mean age = 31.8 SD = 2.2 years, range = 29-35, 2 female) 

were recruited to record their voice. Recordings of “hello” from these four voices were 

used within the main experiment’s tasks as either the ‘friend’ or ‘other’ voice. These 

participants were not invited to participate in any subsequent sessions.  
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Pre-processing voice stimuli 

The target word “hello” was extracted from each participant’s recordings, including 

from the recordings collected to be used as the friend-voice and other-voice. In each 

case, the voice clip was extracted from the trial in which participants repeated the 

target word in a neutral voice. This was done to ensure as much uniformity as possible 

across participants in terms of the affective valence of the voice. All stimuli were 

normalized for RMS amplitude using PRAAT (Boersma, 2001; Boersma and Weenink, 

2020).  

 

4.2.2.2 Procedure 

Perceptual Matching Task 

First, participants completed a perceptual matching task (for full procedure, see 

Chapter 2, section 2.2.3.2) to examine perceptual prioritisation over the self-voice. 

Briefly, this task comprised a familiarisation phase and a test phase. In the 

familiarisation stage all the participants were told that within the task they would hear 

three different voices. For the experimental participants this was: “Your own voice 

(recorded from Session 1) which belongs to you, a voice which belongs to a friend, 

and a voice which belongs to a stranger”.  For the control participants this was: A voice 

which belongs to you, a voice which belongs to a friend, and a voice which belongs to 

a stranger”.  

 

Each experimental participant heard their own pre-recorded voice token as the self-

voice, labelled as “You”. All test voices were gender matched to the participant (e.g. if 

the self-voice was female, the two voices heard as friend and other (i.e. stranger) were 

also female), and which of these two voices was assigned to each identity was 

counterbalanced across participants. Each control participant was then randomly 

matched to an experimental participant according to their gender. That control 

participant heard the same three voices associated to each self, friend, and other as 

the corresponding experimental participant. This ensured that the only difference 

between the two participants’ experience was whether the self-voice was, truly, the 

participant’s true self-voice that had been pre-recorded or whether it was a newly self-

associated voice. Within the test phase, the visual labels denoting the voice identities 

were the same across all participants (both experimental and control): either ‘YOU’, 

‘FRIEND’ or ‘STRANGER’.  
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Participants performed three blocks of 72 trials (216 trials in total) and were informed 

of their overall accuracy at the end of each block.  

 

Interval Estimation Task 

Participants then completed an interval estimation task to measure participants’ sense 

of agency over the self-voice and the other-voice (for full procedure, see Chapter 3, 

section 3.2.1).  

 

In the active condition, the first screen displayed “Waiting…” and the participant was 

instructed to press ENTER at any time of their choosing. When they pressed ENTER, 

there was an interval lasting either 100ms, 400ms, or 700ms. After the interval, one of 

two possible auditory stimuli played; either a clip of the self-voice or of the voice they 

had been told belonged to an “other”. Similarly, in the passive condition, the 

“Waiting…” screen appeared until a 100ms tone passively marked the onset of the 

interval, lasting either 100ms, 400ms, or 700ms as in the active trials. After the interval, 

participants heard either the self-voice or the other-voice. In both conditions, 

participants had to respond as to whether the voice-outcome they’d heard was the 

voice that belonged to them, or the voice that belonged to the other. Critically then, for 

the experimental participants that self-voice was the true self-voice, and for the control 

participant it was a newly self-associated voice. 

 

There were four blocks: two blocks of active trials and two blocks of passive trials. The 

order of the blocks was randomised across participants. In each block, there were 30 

trials (120 total) such that each voice (self, other) was presented 10 times after each 

interval duration (100ms, 400ms and 700ms, with randomised presentation), in both 

active and passive conditions. After the interval estimation task, participants were 

debriefed and paid for the participation. The whole study took participants 35 minutes 

to complete, on average.  

 

4.2.2.3 Pre-processing 

Perceptual Matching Task 

I analysed three measures: reaction times, sensitivity, and accuracy. Reaction times 

were measured as the delay between the onset of the visual label and the participant’s 
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response as categorised by the voice identity (self-voice, friend-voice, other-voice) per 

trial. To measure sensitivity, unbiased d’ scores were calculated by combining 

performance scores from match and mismatch trials at each level of the voice identity 

factor (self, friend, other). Specifically, YES/NO responses were recoded into hits and 

false alarms, following the log- linear approach to adjust for cases involving 100% hits 

or 0% false alarms (Stanislaw & Todorov, 1999). 

 

Interval Estimation Task 

For each participant, a mean interval estimation per participant was calculated in each 

condition e.g., Active trials with a 100ms interval were presented 10 times per 

participant and a mean estimate was calculated across these 10 trials. This mean 

estimation was used only to apply the exclusion criteria (see below).  

 

4.2.2.4 Exclusion Criteria 

Perceptual Matching Task 

All erroneous responses, as well as responses shorter than 200ms or longer than 

1500ms were removed from the RT analysis in line with Sui et al.’s (2012) approach. 

This accounted for only 1.1% of trials. Whole datasets for 3 (1 experimental, 2 control). 

participants showing overall performance accuracy at chance (≤50% + 95% CI) were 

excluded as this indicated random responses and/or an inability to distinguish between 

the self-voice and the other’s voice. 

 

Interval Estimation Task 

In the interval estimation task, whole datasets of participants whose mean estimates 

did not increase monotonically with the presented interval duration (100ms, 400ms, 

700ms) were also excluded and replaced as this demonstrates particularly difficulty 

with the task and/or a lack of engagement (Suzuki et al., 2019; Caspar et al., 2016). A 

further 4 (1 experimental, 3 controls) participants were excluded on these criteria by 

checking their average interval estimation increased numerically with the interval 

duration.  

 

Across the perceptual matching task and the interval estimation task then, a total of 7 

participants were excluded and their data was replaced until a total of 96 participants 
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had successfully completed the study. Lastly, I eliminated all trials more than 2 

standard deviations above or below each participant’s mean (per condition) in line with 

previous studies (Engbert et al., 2008) as this demonstrated erratic performance. <1% 

of trials were eliminated on these criteria.  

 

4.2.2.5 Analysis  

Perceptual Matching Task 

The perceptual matching task consisted of one within-subject factors of ‘voice identity’ 

(self vs friend vs other) and one between-subjects factor of ‘condition’ (experimental: 

true self-voice vs control: new self-voice).  The within-subjects factor of ‘trial type’ 

(match vs mismatch) was also present. 

 

Both reaction time data and sensitivity were assessed with linear mixed models (LMM) 

using lme4 (Bates et al., 2014) in the R environment (R Core Team, 2013). In either 

analysis, I ran a model that included an interaction between condition and voice 

identity and a random intercept of ‘participant’. Reaction time data was analysed in 

match trials and, separately, mismatch trials.  

 

E.g. lmer(reaction time ∼ condition * voice identity + 1 | participant, REML = 

‘FALSE’) 

 

To assess accuracy, I ran a binomial generalized linear mixed model (GLMM) that, 

again, included an interaction between condition and voice identity and a random 

intercept of participant, in match trials and, separately, mismatch trials. 

 

E.g. glmer(accuracy ~ condition * voice identity + 1 | participant, family = "binomial”) 

 

Interval Estimation Task 

The interval estimation task consisted of three within-subject factors: ‘voice identity’ 

(self vs other), ‘agency’ (active vs passive) and ‘interval’ (100ms vs 400ms vs 700ms), 

as well as one between-subjects factor of ‘condition’ (true self-voice vs new self-voice).   
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If there is a greater sense of agency over a true self-voice relative to a new self-voice, 

this would be indicated by an interaction between agency, condition, and voice identity. 

Specifically, estimates for the intervals terminating in the true self-voice would be lower 

than estimates for intervals terminating in the new self-voice in active trials only, while 

interval estimates for the other-voice should not differ across condition. If participants 

have a greater sense of agency over a self-associated voice, but this agency is 

unaffected but whether that self-associated voice is the true self-voice or not, this 

would be indicated by an interaction between voice identity and agency.  

  

Interval estimations were assessed with linear mixed models that first included an 

interaction between agency, condition, and voice identity. In all analyses, statistical 

significance of the effects was established via likelihood ratio tests by dropping effects 

of interest from the appropriate model. For example, to establish whether an 

interaction was significant, the interaction was dropped from a model including the 

fixed effects. To test for the significance of the main effects, the relevant effect was 

dropped from a model that only included the other main effects. For all analyses 

reported here, post-hoc comparisons were conducted in emmeans (Lenth, 2016). All 

post-hoc comparisons of main effects were adjusted via Bonferroni correction.  

 

E.g. lmer(interval estimation ~ agency * condition * voice identity  + 1 | participant +  

1 | interval, REML = FALSE). 

 

For GLMMs, odds ratios and associated confidence intervals are provided as an 

estimate of the size of the relevant effects. An odds ratio of 1 indicates that no effect 

is present, while odds ratios that deviate from 1 indicate an effect is present. The larger 

the deviation, the bigger the effect. If the confidence intervals do not cross 1, the 

relevant effect is significant. For LMMs, the models’ estimates and associated 

confidence intervals for each effect are reported. The further away from 0 the 

estimates are, the bigger the effect. If the confidence intervals do not cross 0, the 

relevant effect is significant. 
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4.2.3 Results 

4.2.3.1 Perceptual Matching Task 

Descriptive statistics for reaction times, accuracy, and sensitivity scores (d’) across 

conditions are given in Table 7. 

 

 

Reaction times 

The reaction time data from the matched trials are plotted in Figure 14. There was a 

significant interaction (χ2 (2) = 31.13, p= <.001) between condition (true self-voice vs 

new self-voice) and voice identity (self, friend, other). Participants’ reaction times for 

the self-voice were significantly faster when that voice was the true self-voice relative 

to an assigned self-voice (p<.001). By comparison, the reaction times for the friend-

voice did not differ between groups (p=.09), nor did reaction times for the other-voice 

(p=.11). This demonstrates that the self-voice was prioritised more highly if it was the 

true self-voice than if it was a new self-voice that had been randomly assigned to them. 

The post-hoc comparisons also revealed a significant self-prioritisation effect in both 

conditions; there were significantly quicker reaction times to the self-voice relative to 

either the friend-voice (p<.001) or the other-voice (p<.001). Further, reaction times 

were quicker to the friend-voice relative to the other-voice in both conditions (p<.001).  

Table 7. Mean RTs, accuracy, and sensitivity (d’) in Experiment 6 (match trials) 

Condition Voice Identity Mean RT (ms) Accuracy d' * 

True self-voice Self 459 (148) 0.98 (0.12) 4.07 (0.49) 

 Friend 529 (201) 0.97 (0.18) 3.73 (0.68) 

 Other 571 (222) 0.92 (0.26) 3.37 (0.99) 

New self-voice Self 507 (190) 0.94 (0.24) 3.23 (0.89) 

 Friend 549 (207) 0.93 (0.25) 3.11 (1.01) 

  Other 571 (214) 0.90 (0.30) 2.86 (1.01) 

Note. RT = reaction time; Accuracy - proportion correct. Standard deviations appear  

within parenthesis.  *Performance scores from match and mismatch trials are combined 

to provide d’ scores. 
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These results showed that, regardless of whether the self-voice was the true self-voice 

or not, participants prioritised it relative to the others. This is in line with the previous 

findings but I show here, for the first time, enhanced prioritisation for the true self-voice 

relative to a newly assigned self-voice. Full model outputs for this analysis are 

reproduced in Supplemental Table 13.  

 

The data from the mismatch trials are plotted in Figure 15. There was a significant 

interaction between condition and voice identity (χ2(2) = 14.463, p<.001). Again, 

experimental participants – for whom the self-voice was the true self-voice – 

responded more quickly to the self-voice relative to control participants for whom the 

self-voice was newly assigned (p<.001). However, both experimental participants and 

control participants had similar reaction times for both the friend-voice (p=.678) and 

the other-voice (p=.491).  

Figure 14. Experiment 6: Mean reaction times (RT) as a function of the voice 
identity (self, friend, or other) and voice type (true self-voice vs. new self-
voice). Graph models match trials only. The error bars indicate the SEs of 
the means. Coloured segments show smooth density curves for the full data 
distribution, while individual dots indicate mean RTs per participant. The top 
bar indicates the significance of the interaction, horizontal bars show post-hoc 
comparisons. Asterisks denote significance within RTs as determined by 
likelihood ratio tests. *** p<.001 
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Additionally, the post-hoc comparisons showed that RTs for the self-voice were 

significantly quicker than for either the friend-voice (p<.001) or the other-voice 

(p<.001) in the experimental group, although RTs to the friend-voice did not significant 

differ from RTs for the other-voice (p=.711). Finally, in the control group, RTs for the 

self-voice were quicker than RTs for the friend-voice (p<.001) but not the other-voice 

(p=.456) and RTs for the other-voice were significantly quicker than for the friend-

voice.  

 

Overall, the RT data suggest that a self-voice is consistently prioritised, but this 

prioritisation is enhanced if it is the true self-voice compared to a newly self-associated 

voice.  

 

Figure 15. Experiment 6: Mean reaction times (RT) as a function of the voice 
identity (self, friend, or other) and voice type (true self-voice vs. newly-
associated self-voice). Graph models mismatch trials only. The error bars 
indicate the SEs of the means. Coloured segments show smooth density 
curves for the full data distribution, while individual dots indicate mean RTs per 
participant. The top bar indicates the significance of the interaction, horizontal 
bars show post-hoc comparisons. Asterisks denote significance within RTs as 
determined by likelihood ratio tests. *** p<.001 
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Sensitivity 

Full model outputs for this analysis are reproduced in Supplemental Table 14. The 

interaction between condition and voice identity was non-significant (χ2(2)=2.985, 

p=.225) here but there was, again, a significant main effect of voice identity 

(χ2(2)=27.68, p<.001). Participants showed increased perceptual sensitivity to the 

self-voice relative to the other-voice (p<.001) and, further, for the friend-voice relative 

to the other-voice (p=.007). Thus, the self-voice was prioritised regardless of whether 

it was the true self-voice or a new voice that had become self-associated. However, 

perceptual sensitivity did not significantly differ between the self-voice and the friend-

voice (p=.066) for either group. The main effect of condition was also significant 

(p<.001); participants who heard their true self-voice as ‘self’ were more perceptually 

sensitive to that self-voice (p<.001), but also to the friend-voice (p<.001) and the other-

voice (p<.001) relative to controls who were newly assigned a self-voice. Overall, this 

shows that a self-prioritisation effect was evident in both groups, with the experimental 

participants having higher perceptual sensitivity to all voices, not just the self-voice. 

Taken together with the RT results, this suggests that when the self-voice is the true 

self-voice, participants are perceptually more sensitive to this voice and to the other 

voice identities. This may be because participants were better at discriminating what 

was – and was not – a match with the self, when the true self-voice was more familiar. 

This may have led to higher accuracy in the task generally, across all three voices.    

 

Accuracy 

Last, a GLMM on trialwise accuracy was run. Full model outputs are reproduced in 

Supplemental Table 15. The interaction between condition and voice identity was 

significant (χ2(2)= 22.09 p<.001). Post-hoc comparisons revealed that participants 

who heard their true self-voice were significantly more accurate in judging that self-

voice (p<.001) and also the friend-voice (p<.001) relative to controls, though they did 

not differ in their accuracy of judging the other-voice (p=.01, which is non-significant 

with alpha set at .005 for multiple comparisons). Still, both groups showed a self-

prioritisation effect in which accuracy was significantly higher for the self-voice relative 

to either the friend-voice (p=.003) or the other-voice (p<.001). Further, accuracy for 

the friend-voice was significantly higher than accuracy for the other-voice (p<.001) in 

both groups.  
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The mismatch trials mirror the match trials; the interaction between condition and voice 

was again significant (χ2(2)= 15.739 p<.001). Post-hoc comparisons revealed that 

participants who heard their true self-voice were significantly more accurate in judging 

the self-voice (p<.001), the friend-voice (p<.001) and the other-voice (p<.001) relative 

to controls. Further, only the experimental participants showed a self-prioritisation 

effect; only when the self-voice was the true self-voice were participants significantly 

more accurate at judging that self-voice relative to the friend-voice (p=.001) and the 

other-voice (p<.001). The control participants by comparison did not show a self-

prioritisation effect in the mismatch trials; accuracy did not significantly differ between 

the self-, friend-, and other-voice (p>.05) when the self-voice was newly associated.  

 

Overall, there was also a self-prioritisation effect across all three measures, showing 

that a self-associated stimulus will be prioritised perceptually as self-relevant. Critically 

though, this prioritisation was enhanced in experimental participants for whom the self-

voice was their true self-voice. Interestingly, the presence of the true self-voice within 

the task also increased accuracy and perceptual sensitivity to all three of the voices. 

This may be both because participants were better able to recognise what was and 

was not the self-voice amongst the other identities, but also because these participants 

may have been more engaged in the task with a voice as salient as the true self-voice 

being presented.  

4.2.3.2 Interval Estimation Task 

I then assessed how interval estimates were affected by agency, condition, and voice 

identity (Figures 16a and 16b). Descriptive statistics for estimates across conditions 

are given in Table 8. 

 

  Active Trials Passive Trials 

 True  
self-voice 

New  
self-voice 

True  
self-voice 

New  
self-voice 

INTERVAL Self Other Self Other Self Other Self Other 

100ms 136 156 154 158 187 200 241 230 

400ms 293 312 312 334 385 383 393 416 

700ms 514 527 521 552 610 593 609 614 

 

Table 8. Mean interval estimates (ms) across conditions in Experiment 6. 
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The three-way interaction between agency, condition, and voice identity on interval 

estimates was non-significant. Likewise, the two-way interaction between condition 

and voice identity was non-significant, which showed that the difference in interval 

estimates between the self-voice and the other-voice did not differ according to 

whether the self-voice was the true self-voice or a new self-owned voice. Similarly, the 

interaction between agency and condition was non-significant (p=.16), which showed 

that the difference in interval estimates in active and passive trials did not differ 

according to condition. Finally, there was a significant interaction between agency and 

voice identity (χ2(1)= 6.63, p = .01).  Post-hoc comparisons showed that estimates for 

intervals terminating in the self-voice were significantly lower than for the other-voice 

but only in the active trials (p<.001) and not passive trials (p=.9). This shows that the 

effect of whether a voice was self-owned or not, only affected temporal judgements in 

the active trials. This is key, because it suggests that self-ownership only affected the 

interval estimates under conditions in which participants had agency. Finally, post-hoc 

comparisons showed that there was a typical temporal binding effect in which 

estimates were significantly lower (for both the self-voice and the other-voice) in active 

trials relative to the passive trials (p<.001). Critically here, these results were 

unaffected by whether the self-voice was the true self-voice or a newly associated self-

voice.  Full model outputs are reproduced in Supplemental Table 16. 
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Overall, these results show first that the interval estimates were significantly shorter in 

the active trials relative to the passive trials. This finding is in line with the wider 

temporal binding literature and demonstrates a temporal binding effect: people had a 

greater sense of agency over outcomes they self-generated relative to passively 

observed outcomes. However, this result comes with the previous caveat that the 

difference between active and passive trials may also be influenced by differences in 

task structure across conditions. Second, the results also showed that interval 

estimates were significantly lower for the self-associated voice outcome than the 

other-associated outcome, but only in the active trials. Thus, it can be inferred that the 

effect of voice identity did modulate participants’ sense of agency rather than temporal 

perception more broadly. This supports the hypothesis that participants had a greater 

sense of agency over a self-voice than an other-voice. Finally, and in spite of this 

Figure 16a. Experiment 6: Mean interval estimates (ms) according to the 
outcome (self-voice or other-voice), and the condition (true voice as ‘self’ vs. a 
new voice as ‘self’). Intervals are plotted according to the true interval duration 
(100ms, 400ms, and 700ms). The error bars indicate the SEs of the means. 
Figure 16b. Mean interval estimates (ms) according to the outcome (self-voice 
or other-voice) Estimates are collapsed across interval duration. Graphs model 
active trials only. Inference bands indicate CIs. Coloured segments show 
smooth density curves for the full data distribution, while individual dots indicate 
mean estimates per participant. The top bars show interactions, horizontal bars 
show post-hoc comparisons. Asterisks denote significance within estimates as 
determined by likelihood ratio tests. *** p<.001 



4. Processing the true self-voice versus a new self-voice 

___________________________________________________________________________ 

 
124 

sensitivity to whether an outcome was self-relevant or not, agency did not differ 

according to whether the outcome was the true self-voice or a new self-owned voice. 

This indicates that, within the task, participants experienced no greater sense of 

agency over the true self-voice than a newly self-associated voice. These results are 

discussed in greater detail below.  

 

4.2.4 Discussion 

In Experiment 6, I demonstrated a typical self-prioritisation effect over a self-voice, but 

here showed that it is enhanced if it is the true self-voice relative to a newly self-

associated voice. This enhanced prioritisation must be a function of the difference 

between these two self-voices. Thus, it is possible that the enhanced prioritisation is 

due to the greater familiarity of the true self-voice, the fact that it is self-generated, 

and/or that it is more self-relevant. 

 

It may not be possible to disentangle these factors without further study. However, it 

has already been extensively demonstrated that self-bias exists without, and 

separately to, what is familiar. Therefore, greater familiarity does not necessarily need 

to equal greater self-bias for it to still influence prioritisation. Indeed, it is possible that 

increased familiarity also facilitates perceptual processing similarly to self-bias and 

may, within this task, also lead to greater prioritisation. It stands to reason that the 

external sensory stimuli we experience frequently enough for them to become highly 

familiar are likely to be self-relevant and important for us to prioritise in perception.  

 

Unlike familiarity, which may only facilitate perceptual processing without necessarily 

increasing self-bias, we may attribute relatively more self-bias to a stimulus that has 

been self-generated. Within this study only the true self-voice had been self-

generated, whereas the self-associated voice had been other-generated and then 

associated to the self. However, it has now been widely shown that we can attribute 

self-bias to a range of stimuli that we have not self-generated and still perceptually 

prioritise them. Indeed, the studies presented within this thesis have extensively 

demonstrated that we can afford self-bias to a stimulus that is inherently other-

generated. Clearly then, self-bias is not dependent on a stimulus being self-generated 
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but it could be considered that its being self-generated enhances the self-bias 

attributed to it.  

 

Another way in which the true self-voice and the self-associated voice differ is in their 

level of “me-ness,” (i.e., Oyserman, Elmore, & Smith, 2012), or how identity-relevant 

they are. Within this experiment, the self-voice was substantially more identity-relevant 

for the participant whose voice it actually was, than for the control participant for whom 

it was newly self-associated. Indeed, only for the participant for whom it was their true 

self-voice did it accurately – and uniquely – reflect their age, gender, health, and 

(recent) affective state (Kreiman & Sidtis, 2011). This difference in identity-relevance 

may underlie the increased prioritisation of the true self-voice. However, this would be 

in contrast to those of Experiment 2 (Chapter 2) in which a gender-matched voice, that 

should be more identity-relevant to the participant in terms of being a more accurate 

means of representation, did not modulate prioritisation.  

 

Overall, the results from the perceptual matching task show relatively enhanced 

perceptual prioritisation for the true self-voice relative to a newly self-associated voice. 

This indicates that our perceptual processing is sensitive to whether a self-voice is the 

true self-voice or not. However, whether this is because the true self-voice is more 

familiar, more self-relevant, or self-generated remains unclear. Further studies would 

be needed to disentangle the factor(s) driving the increased prioritisation here. 

 

The interval estimation task was then used to measure participant’s sense of agency 

over a self-voice – either the true self-voice or a new self-associated voice – relative 

to an other-voice. The results showed that participants’ estimates were equivalent 

across groups; the difference in temporal binding between self-voice outcomes and 

other-voice outcomes was not modulated by whether the self-voice was the true self-

voice or not. This suggests that people felt relatively more agency over the self-voice 

than the other-voice, but that this agency was not enhanced for the true self-voice 

relative to a voice that was only self-owned.  

 

Critically, the difference in estimates for the self-voice outcomes and other-voice 

outcomes (i.e., the effect of voice identity) was significant only in the active trials. This 
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is key because it is in the active trials that participants have agency in generating a 

voice so it is expected that any factors which modulate agency should influence 

estimates in the active condition only. However, in previous iterations of this task 

presented in Chapter 3 (Experiments 4 and 5), the effect of voice identity was also 

present in passive trials in which participants had no agency in generating an outcome. 

The previous result therefore obscured whether the self-relevance of a voice 

interacted participants sense of agency or temporal perception more widely. The 

current result supports the former argument. Indeed, if this study had been run in 

isolation, the results would be interpreted as indicating a replication of a temporal 

binding paradigm, showing greater sense of agency over the self-voice. Further, that 

this enhanced sense of agency is unaffected by whether that self-voice is the true self-

voice or a newly owned one. However, in light of the inconsistency in the presence or 

absence of the effect of voice identity in the passive trials across the thesis, further 

investigation is required before the validity of this interpretation can be determined.  

 

It is surprising then that participants felt similar agency over a true self-voice and a 

newly owned one, and this is for two reasons. First, because people have extensive 

experience of producing their own voice and of having agency over it. Indeed, the 

voice stimulus they heard within the task could not exist without their own prior agentic 

action. The true self-voice, as a possible outcome, should be highly self-relevant as it 

inherently signals the agent’s identity. However, this is not reflected within the results. 

Second – and in light of the fact that the presence of the true self-voice did not affect 

agency – it is surprising that interval estimates were sensitive to the self-relevance of 

the outcome at all. As in Experiments 4 and 5 (Chapter 3), interval estimates were 

again significantly shorter for the self-voice outcome relative to an other-voice 

outcome.  

 

Within the task, participants generated both voice outcomes via a key-press in the 

active trials and so, in actuality, had equal agency over the two voices. Despite this, 

participants perceived the time between their actions and the outcomes as relatively 

more compressed when it was the self-voice outcome. This indicates that interval 

estimates were affected by whether an outcome was self-relevant or not but, 

seemingly, were not affected by how self-relevant it was; the highly, personally familiar 
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true self-voice did not lead to a greater perceived compression of time than that of a 

new self-owned voice. It is possible then that an outcome being self-associated is 

sufficient to accept agency over its occurrence. If this is the case, it could be 

considered that temporal binding does not function on a scale of ‘how much’ agency 

is experienced over an outcome but, rather, by whether sufficient agency can be 

inferred to categorise an outcome as being self-generated, or not.  

 

Experiment 6 thus gives rise to further questions. The first question is whether the 

enhanced bias and perceptual prioritisation for the true self-voice relative to a newly 

self-associated one is underpinned by greater self-relevance of the true self-voice. If 

the true self-voice is prioritised relatively more than a self-owned voice because it is 

more self-relevant, then this prioritisation should be modulated by altering the 

relevance of the voice within the task. In Experiment 7 then, I explore prioritisation 

over the true self-voice when it is instead presented as belonging to an other (a 

‘stranger’). Information associated with others is less self-relevant and is typically 

deprioritised in comparison to information associated with the self. By manipulating 

the ownership of the voice, it may be perceived less relevant to the self within this task 

than a newly self-owned voice. If so, despite its being inherently self-relevant, 

prioritisation of the self-voice may be reduced.  

 

The second question is why sense of agency may be sensitive to an outcome being 

self-relevant or not but, unlike prioritisation, not to the degree to which that outcome is 

self-relevant. By testing sense of agency over outcomes that include both a newly self-

associated voice and the true self-voice, it allows us to assess agency in a within-

person design. It may be that only when participants experience two outcomes, both 

of which are self-associated, that the degree to which those outcomes are differentially 

self-relevant has an influence on agency. Only in this instance may participants 

experience more or less agency over one outcome relative to the other. Experiment 7 

thus examines the difference in perceptual prioritisation and sense of agency over the 

true self-voice and the self-associated voice within participants.  
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4.3 Experiment 7  

Experiment 7 assessed how participants prioritised a highly salient social stimulus 

(e.g., the true self-voice) when it is associated with a concept less relevant to the self 

(i.e., to an other). Relatedly, it examined how the two self-associated voices were 

prioritised when they were competing: one as a newly self-associated stimulus and 

the other a self-associated stimulus that is also familiar, self-generated, and identity-

relevant. Second, I tested participants’ sense of agency over both the true self-voice 

and a newly self-associated voice by including both voices as possible outcomes to 

their actions. 

 

4.3.1 Participants 

96 participants (mean age = 26.4 years, SD = 6.26 years, age range = 18–40, 48 

female, 48 male) were recruited online via Prolific (www.prolific.ac) as British 

monolingual speakers of English with no visual impairments or hearing difficulties. As 

before, participants were required to have an approval rate of over 90% to be eligible 

to take part. This final data set of 96 arose following the exclusion and replacement of 

6 participants based on exclusion criteria outlined below. 

 

4.3.2 Methods 

4.3.2.1 Stimuli 

48 of these participants were invited to complete the same voice-recording task as in 

Experiment 6. Again, the target word ‘hello’ was extracted from each participant’s 

voice recordings. Four participants submitted voice recordings that were unsuitable 

for use (i.e., too much background noise) and these participants were paid for their 

time but then excluded and replaced within the study.  

 

The voice stimuli used in Experiment 6 as the friend-voice and the other-voice were 

included again. However, in Experiment 7 these were assigned as either the self-voice 

or the friend-voice while participant’s voice recordings were assigned as the other-

voice.  

 

 



4. Processing the true self-voice versus a new self-voice 

___________________________________________________________________________ 

 
129 

4.3.2.2 Procedure 

Perceptual Matching Task 

Participants completed a perceptual matching task again comprising a familiarisation 

phase and a test phase (see Chapter 2 for full procedure). In the familiarisation stage 

all the participants were told that they would hear three different voices within the task: 

“A voice which belongs to you, a voice which belongs to a friend, and a voice which 

belongs to a stranger”. The experimental participants were also advised that the voice 

they had previously recorded may not be assigned to the ‘self’ within the task.   

 

Indeed, for every experimental participant, their pre-recorded voice was assigned to 

the other-voice (i.e., labelled as belonging to ‘Stranger’). All experimental voice stimuli 

were gender-matched to the participant and to their true self-voice. Each control 

participant was then randomly matched to an experimental participant according to 

their gender. The control participant heard the same three voices associated to each 

self, friend, and other as their corresponding experimental participant.  

 

In the test phase, participants performed three blocks of 72 trials (216 trials in total) 

and were informed of their overall accuracy at the end of each block.  

 

Interval Estimation Task 

Participants completed an interval estimation task to measure participants sense of 

agency over the self-voice and the other-voice (for full procedure, see Chapter 3, 

section 3.2.1). In this experiment, however, participants were reminded to complete 

the task keeping in mind the same voice-identity associations they had learnt in the 

perceptual matching task (i.e., if they heard the true self-voice, this voice still belonged 

to the ‘other’ within the task).  

 

4.3.2.3 Pre-processing 

As in Experiment 6, I analysed the same three measures within the perceptual 

matching paradigm: reaction times, sensitivity, and accuracy. For the interval 

estimation task, I again calculated a mean interval estimation per participant in each 

condition e.g., active trials with a 100ms interval were presented 10 times per 
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participant and a mean estimate was calculated across these 10 trials. This mean 

estimation was used only to apply the exclusion criteria (see below).  

 

4.3.2.4 Exclusion Criteria 

Perceptual Matching Task 

All erroneous responses, as well as responses shorter than 200ms or longer than 

1500ms were removed from the RT analysis in line with Sui et al.’s (2012) approach. 

This accounted for <1% of trials. Whole datasets for 3 participants showing overall 

performance accuracy at chance (≤50% + 95% CI) were excluded and their data 

replaced as this indicated random responses and/or an inability to distinguish between 

the self-voice and the other’s voice. 

 

Interval Estimation Task 

In the interval estimation task, whole datasets of participants whose mean estimates 

did not increase monotonically with the presented interval duration (100ms, 400ms, 

700ms) were also excluded and replaced as this demonstrated particularly difficulty 

with the task and/or a lack of engagement (Suzuki et al., 2019; Caspar et al., 2016). A 

further 3 participants were excluded on these criteria by checking their average interval 

estimation increased numerically with the interval duration. Their data was replaced 

until a total of 96 participants had successfully completed the study.  

 

Lastly, all trials which were more than 2 standard deviations above or below each 

participant’s mean (per condition) were eliminated in line with previous studies 

(Engbert et al., 2008) as this demonstrated erratic performance. <1% of trials were 

eliminated on these criteria.  

 

4.3.2.5 Analysis 

All measures were again assessed via LMM/GLMMs using the same models specified 

in Experiment 6. The perceptual matching task consisted of two within-subject factors 

of ‘voice identity’ (self vs friend vs other) and ‘trial type’ (match vs mismatch) and one 

between-subjects factor of ‘condition’ (experimental: true self-voice as ‘stranger’ vs 

control: unfamiliar voice assigned as ‘stranger’).   
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The interval estimation task consisted of three within-subject factors: ‘voice identity’ 

(self vs other), ‘agency’ (active vs passive), and ‘interval’ (100ms vs 400ms vs 700ms) 

and one between-subjects factor: ‘condition’ (experimental: true self-voice as 

‘stranger’ vs control: unfamiliar voice assigned as ‘stranger’).   

 

4.3.3 Results 

4.3.3.1 Perceptual Matching Task 

Descriptive statistics for reaction times, accuracy, and sensitivity scores (d’) for 

experimental and control participants according to Voice are given in Table 9.  

  

Reaction times 

The RT data from matched trials are plotted in Figure 17 and full model outputs are 

reproduced in Supplemental Table 17.  

 

 

 

 

 

 

 

 

Table 9. Mean RTs, accuracy, and sensitivity (d’) in Experiment 7 (match trials) 

Condition Voice Identity Mean RT (ms) Accuracy d' * 

Experimental Self 527 (227) 0.94 (0.24) 3.35 (0.91) 

 Friend 548 (218) 0.96 (0.20) 3.60 (0.77) 

 Other 541 (209) 0.92 (0.27) 2.98 (0.79) 

Control Self 513 (205) 0.96 (0.20) 3.41 (0.71) 

 Friend 546 (211) 0.96 (0.19) 3.45 (0.76) 

  Other 551 (222) 0.92 (0.27) 2.81 (1.02) 

Note. RT = reaction time; Accuracy - proportion correct. Standard deviations appear  

within parenthesis.  *Performance scores from match and mismatch trials are combined 

to provide d’ scores. 
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In matched trials, the interaction between condition (experimental, control) and voice 

identity (self, friend, other) was significant (χ2(2) = 8.14, p=.01). Specifically, the new 

self-voice was prioritised relative to the friend-voice (p<.001) and the other-voice 

(p<.001) by control participants only. For control participants, all three voices were 

unfamiliar and arbitrarily assigned to self, friend, and other. In the experimental group 

by comparison, reaction times to the new self-voice were significantly faster than 

reaction times to the friend-voice (p=.002) but not to the other-voice (p=.06). Here, the 

other-voice was actually the participants’ true self-voice. In neither group did the 

reaction times to the friend-voice differ from the other-voice.  

 

Figure 17. Experiment 7: Mean reaction times (RT) as a function of the voice 
identity (self, friend, or other) and condition (experimental vs. control, in which 
experimental participants hear their true self-voice presented as ‘other’). 
Graph models match trials only. The error bars indicate the SEs of the means. 
Coloured segments show smooth density curves for the full data distribution, 
while individual dots indicate mean RTs per participant. The top bar indicates 
the interaction, horizontal bars show post-hoc comparisons. Asterisks denote 
significance within RTs as determined by likelihood ratio tests. *** p<.001 
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These results demonstrate that participants attributed bias to a new self-owned voice 

relative to a friend-voice even in the presence their true self-voice. However, the bias 

for a new self-voice was not great enough for it to be significantly prioritised over 

participants’ true self-voice which was presented as belonging to an other. Indeed, the 

typical bias for the self over an other is here diminished when “other” is actually the 

true self-voice.  

 

In mismatch trials, the interaction between condition and voice identity was non-

significant (χ2(2) = 3.373, p=.185). However, there was a significant main effect of 

voice identity (χ2(2) = 18.296, p<.001), in which reaction times to the other-voice were, 

unusually, significantly faster than reaction times to either the self-voice (p=.014) or 

the friend-voice (p<.001) in mismatched trials. This was driven largely by the 

experimental group, in which there remained a small bias for the true self-voice despite 

it being temporarily associated with “other” within this task. Finally, the main effect of 

condition was also non-significant (χ2(1)=3.21, p=.073).  

 

Sensitivity 

The interaction between condition and voice identity was non-significant (χ2(2) = .106, 

p=.948) as was the main effect of condition (χ2(1) = 1.229, p=.2676) and the main 

effect of voice identity (χ2(2) = 3.303, p=.192). Here then, there is not a self-

prioritisation effect in either group and neither group differed significantly in their 

perceptual sensitivity to each of the voices.  

Accuracy 

Here the interaction between condition and voice identity was non-significant in the 

match trials (χ2(2)= 5.47, p = .064), as was the main effect of condition (χ2(1) = 3.08, 

p=.079). However, there was a significant main effect of voice identity (χ2(2)=56.01, 

p<.001). Accuracy for the self-voice did not differ significantly from accuracy for the 

friend-voice by either experimental or control participants. Yet accuracy for either voice 

was greater than accuracy for the other-voice (p<.001). This demonstrates that 

accuracy for the other-voice was considerably reduced in both groups, a result that is 

typical of the perceptual matching paradigm and here shown to be unaffected by the 

other-associated stimulus actually being the true self-voice. Given that the main effect 
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of condition was non-significant, these data further suggest that experimental 

participants did not find the task any more cognitively demanding, as their overall 

accuracy is similar to controls. Full model outputs are reproduced in Supplemental 

Table 18.  

 

In the mismatch trials, the interaction between condition and voice identity was non-

significant (χ2(2)= .014, p = .992). However, there was a significant main effect of 

voice identity (χ2(2)=8.186, p = .016) and post-hoc comparisons showed that 

participants’ accuracy mirrors the match trials. Again, across groups, accuracy for the 

self-voice did not differ significantly from accuracy for the friend-voice. However, 

accuracy was better for both the self-voice relative to the other-voice (p=.036) and for 

the friend-voice relative to the other-voice (p=.036). 

 

Overall, there was a self-prioritisation effect across measures, with the fastest reaction 

times and highest accuracy shown in response to the newly associated self-voice in 

both groups of participants. Importantly, I show this self-prioritisation despite the 

conflict of the true self-voice being presented as owned by a stranger for the 

experimental participants. Further, the enhanced bias for the true self-voice evidenced 

in Experiment 6 was diminished here when the voice was temporarily associated with 

an other. This suggests that, within this task, participants perceptually prioritised a 

voice based more on the relevance of the concept it was associated to (i.e. self, friend, 

or other) rather than on its inherent self-relevance, and indeed salience, outside of this 

association.  

 

4.3.3.2 Interval Estimation Task 

Descriptive statistics for estimates in both active and passive trials, at each interval 

according to the outcome are given in Table 10. Interval estimates are also plotted in 

Figures 18a and 18b. 
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To assess sense of agency, I ran LMMs on the interval estimates in which an 

interaction between agency, condition, and voice identity was modelled.  

 

E.g. lmer(interval estimation ~ agency * condition * voice identity  +  1 | participant +  

1 | interval +, REML = FALSE). 

 

The three-way interaction was non-significant, as were all two-way interactions 

between agency, voice identity, and condition. However, the main effect of agency 

was significant (χ2(1) = 885.99, p<.001) showing that interval estimates were 

significantly lower in the active trials relative to the passive trials (p<.001) for 

participants across both groups. This shows that participants experienced a greater 

sense of agency in the condition under which they did, truly, have agency in generating 

an outcome and that this was the case over both the self-voice outcome and the other-

voice outcome. As before, however, this difference in conditions may also be 

influenced by differences in trial structure.  

 

Further, the main effect of voice identity was significant (χ2(1) = 400.02, p<.001), with 

post-hoc comparisons revealing that estimates were significantly reduced for intervals 

terminating in the self-voice outcome relative to the other-voice outcome (p<.001), but 

this was across both active and passive trials. This suggests that the self-

associatedness of a voice does interact with temporal perception but, given 

judgements were affected in the passive trials, this may be independent of notions of 

agency. Finally, the main effect of condition was non-significant, suggesting that 

participants who heard their true self-voice presented as belonging to an other 

experienced equivalent agency and similar temporal compression of intervals before 

the self-voice outcome as control participants. Full model outputs for this analysis are 

reproduced in Supplemental Table 19. 

Table 10. Mean interval estimates (ms) across conditions in Experiment 7. 

  ACTIVE TRIALS PASSIVE TRIALS 
 EXPERIMENTAL CONTROL EXPERIMENTAL CONTROL 

INTERVAL Self Other Self Other Self Other Self Other 

100ms 128 169 117 153 169 234 181 237 

400ms 281 342 255 323 386 458 358 435 
700ms 484 559 476 539 600 669 577 642 
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Overall, these results suggest that participants experienced greater temporal binding 

over whichever voice has been newly associated with the self, even when the 

participants’ true self-voice was presented within the task but as a vocal outcome 

associated with an other. These results are discussed further below.  

4.4 General Discussion 

The true self-voice is a signal that is self-generated, highly, personally familiar and 

identity-congruent in comparison to a newly self-associated voice which is only self-

owned. These factors may make the true self-voice comparatively more self-relevant. 

In Experiment 6, there was evidence of enhanced bias for the true self-voice; it was 

prioritised over a friend-voice or an other-voice relatively more than a new self-voice 

was. Experiment 7 therefore asked whether this enhanced prioritisation was 

underpinned by the greater relevance of the true self-voice to the self, in comparison 

Figure 18a. Experiment 7: Mean interval estimates (ms) according to the 
outcome (self-voice or other-voice), and the condition (experimental vs control). 
Intervals are plotted according to the true interval duration (100ms, 400ms, and 
700ms) and for active trials only. The error bars indicate the SEs of the means. 
Figure 18b. Experiment 7: Mean interval estimates (ms) according to the 
outcome (self-voice or other-voice), and the condition (experimental vs control) 
Estimates are collapsed across interval duration. Inference bands indicate CIs. 
Coloured segments show smooth density curves for the full data distribution, 
while individual dots indicate mean estimates per participant. Top bars show 
interactions, horizontal bars show post-hoc comparisons. Asterisks denote 
significance within estimates as determined by likelihood ratio tests. *** p<.001 
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to a voice that is only self-owned. Contrary to this hypothesis, Experiment 7 shows for 

the first time that perceptual prioritisation is influenced by a stimulus’ relevance to the 

self specifically within the constraints of the task. When ownership of the true self-

voice was assigned to another, the enhanced bias it had previously received in 

Experiment 6 was diminished. This suggests that by manipulating ownership of the 

voice and, specifically, by assigning it as other-owned, it made it temporarily less 

relevant to the self than it would have been if it were assigned as ‘self’ within the task. 

Yet, the presence of the true self-voice still impacted participants’ performance; 

participants attributed bias to both their new self-voice and their true self-voice. This 

disrupted the typical self-prioritisation effect. The results indicated that participants 

were biased towards their new self-voice and prioritised it over the friend-voice; 

however, they also prioritised their true-self voice (presented as an other-voice) 

relatively more than a stimulus associated with an other would typically be. As a result, 

reaction times did not significantly differ between the voices presented as ‘self’ and as 

‘other’.  

 

Experiments 6 and 7 also explored how participants’ sense of agency over a self-voice 

was affected by the degree to which the voice was self-relevant. Importantly, both 

experiments examined agency over a voice that was self-owned relative to voice that 

was other-owned. However, in Experiment 6 the self-owned voice was participant’s 

true self-voice while the other-voice was unfamiliar. Conversely, in Experiment 7, it 

was the self-owned voice that was unfamiliar, while the other-owned voice was 

actually the true self-voice and, therefore, highly familiar. Strikingly, the pattern of 

results was equivalent across the two tasks: interval estimates were significantly 

shorter when they preceded the voice that participants self-owned within the context 

of the task.  

 

On the one hand then, participants were sensitive to the outcome being self-

associated, with significantly lower estimates for intervals terminating in the self-voice 

outcome relative to the other-voice outcome. On the other hand, they were not 

sensitive to whether the self-voice outcome was the newly associated voice or the true 

self-voice. Additionally, their estimates were seemingly unaffected by the true self-
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voice being presented as belonging to another; estimates were consistently reduced 

for whichever voice participants had been arbitrarily told belonged to them.  

 

Again, it is important to remember that, in actuality, participants had equal agency in 

generating all the voice outcomes. For instance, in all active trials, participants made 

a key-press and heard a voice outcome as a result. The voice outcome was presented 

without any suggestion of who the voice belonged to, apart from the learnt 

associations between voices and identities from the previous task. It was only after 

estimating the interval between their key-press and the vocal outcome that participants 

judged who the voice had belonged to: self or other (labelled as stranger). Therefore, 

the fact that interval estimates differed between these voice outcomes – despite equal 

agency in physically generating them – suggests that it was the experience of the 

outcome itself that postdictively influenced perception of the interval duration.  

 

The true self-voice should intrinsically signal the self-identity as the agent who caused 

its occurrence and yet, here, it is consistently the new self-owned voice that garners 

shorter interval estimates. Moreover, when the true self-voice was presented as 

temporarily belonging to another, it elicited interval estimates equivalent to that of an 

other’s voice. Indeed, control participants, for whom the voice was genuinely a 

stranger’s voice, gave similar interval estimates as participants for whom it was 

actually their own voice. Thus, the knowledge that the true self-voice had been 

temporarily dissociated from self and instead represented an “other” appears to have 

been more influential on estimates than the cues inherent within the true self-voice.  

This is supported by previous studies which demonstrate that prior belief can modulate 

temporal binding (Desantis et al., 2011) and the current results highlight the extent to 

which prior beliefs about which stimuli are self-owned affect people’s judgements on 

whether they are likely to be self-caused or other-caused.  

 

However, the effect of voice identity (i.e., whether the outcome was the self-voice or 

other-voice) was also evident in passive trials in Experiment 7. Here, again, there were 

shorter estimates for intervals preceding a self-voice than an other-voice, even when 

the participants made no action to generate this outcome. Thus, it is unclear what the 

effect of self-association is modulating here, if not a sense of agency. I had previously 
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hypothesised that the presence of an effect in both active and passive trials could be 

indicative of self-association influencing estimates outside of notions of agency. 

Specifically, that a self-owned voice may interact with interval estimates because it is 

perceived and recognised faster. The quicker recognition may affect participants’ 

temporal perception of the preceding interval, without necessarily interacting with 

agency. Yet, neither Experiment 6 nor 7 support this argument.  

 

In Experiment 6, the effect of voice identity was non-significant in the passive trials, 

suggesting that the effect only influenced agentic trials and thus, that self-association 

did, truly, modulate sense of agency. In Experiment 7, however, the effect was present 

in the passive trials but was not of any greater magnitude for the true self-voice relative 

to the self-owned voice. This is important because if the difference in interval estimates 

for the self-voice and the other-voice was underpinned, not by agency, but by how 

quickly they were each perceived and recognised, then it would follow that the quicker 

a voice is recognised, the shorter the interval should seem. Yet this is not the case. 

Participants were significantly quicker in recognising the true self-voice relative to a 

new self-owned voice in the perceptual matching task but this is not reflected in the 

temporal judgements in the interval estimation task. Notably, the current results are 

also in keeping with previous temporal binding studies which only use an active 

condition and do not assess whether the manipulation of interest also affects passive 

trials. Thus, within the context of this previous literature, I show that participants have 

a greater sense of agency over whichever voice is perceived as most self-relevant 

within the task.  

 

Overall, the results from Experiments 6 and 7, taken together, further our 

understanding of the influence of self-association on bias and agency. First, these 

results provide new insight on the extent to which the true self-voice is perceptually 

prioritised relative to others when it is heard aloud. The results demonstrate that 

prioritisation is sensitive to the factors that may differentiate the true self-voice from a 

new, self-associated voice; familiarity, identity-congruence, and self-generation. 

These factors may lead the true self-voice to be more self-relevant and so more 

prioritised. Importantly though, I also show that this prioritisation is modulated 

according to what is immediately self-relevant. A highly familiar, self-associated 
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stimulus can still be relatively deprioritised if it is temporarily distanced from the self 

by becoming owned by another.    

 

These studies have also shown that the temporal binding effect is comparatively 

unaffected by the factors that distinguish the true self-voice from a new self-voice. 

Participants experienced more agency over whichever voice outcome they had 

previously been told they had ownership over. This suggests that temporal binding is 

modulated according to participants’ prior beliefs about whether a stimulus is self-

relevant or not. The fact that the interval estimates were not more sensitive to the 

presence of the highly self-relevant true self-voice is surprising given that a person’s 

voice is unique and, typically, can only signal them as the agent that generated it. 

However, participants had equivalent agency in generating the true self-voice as the 

new self-voice and this may be reflected in the results. If so, this suggests that sense 

of agency is sensitive to whether the outcome is self-relevant or not, rather than how 

self-relevant it is.  Moreover, it is possible that when participants usually hear their 

voice as an outcome to their action it is “in their heads” and it therefore sounds 

acoustically different to how it was presented in the task via headphones. Thus, it is 

possible that the self-voice outcome was somewhat distanced from self and was not 

perceived as any more self-associated than any other voice that they only had 

ownership of. Further studies in which participants actually use their voice within the 

task may elicit a different pattern of results. Indeed, this is explored in Chapter 6.  

 

Finally, these experiments have provided a benchmark against which we can 

corroborate previous findings. I have previously concluded that a new self-owned 

voice had become, at least temporarily, an extension of the self-concept and 

processed accordingly as a self-relevant stimulus. This is supported by the results 

here. Specifically, an external voice stimulus can be attributed self-bias enough to 

compete with a truly self-associated stimulus (the true self-voice) when it is perceived 

more self-relevant.  

 

Finally, the temporal binding results suggest that participants infer they have had 

greater agency over sensory outcomes that are perceived relevant to the self within 

the context. Specifically, a voice stimulus that has become self-relevant through 
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ownership, elicited greater temporal binding than an other-owned voice, even when 

the other-owned voice was actually their own, highly familiar voice. Thus, prior belief 

of what outcomes were more self-relevant within the task – and thus, which outcomes 

they had more control over generating – was perhaps more influential in inferring 

agency over that outcome than the identity of the outcome itself. To this end then, 

participants may indeed have a greater sense of agency over a new self-owned voice 

relative to a voice belonging to an other. 
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5 Memory advantage for a new self-voice 

 

 

 

Abstract 
 

The self is central to our experience; information associated with the self receives 

greater attention (Shapiro et al., 1997; Dux & Marois, 2009), is prioritised in our 

perception (Sui et al., 2012; Payne et al., 2020), and a substantial body of literature 

shows that it is also better remembered (Cunningham et al., 2008; 2011). Chapter 5 

extends the examination of how owning a new self-relevant voice biases our 

perception and experience of that voice. In two further experiments, I ask whether 

there is evidence of better memory for items that have become relevant to the self by 

being communicated through the new self-voice.  In Experiments 8 and 9, participants 

are assigned food and household-related items to own by hearing them aloud in either 

their new self-voice or an other-voice. Items heard in the self-voice become self-

owned, while items that are heard in the other-voice become other-owned. In 

Experiment 8, a surprise test of item memory found no evidence of better memory for 

self-owned items relative to other-owned items.  Experiment 9 comprised a surprise 

test of source memory (whether an item was self-owned or other-owned) and, 

similarly, failed to replicate the memory advantage for self-owned items previously 

reported in the literature. These results are discussed in terms of task design and the 

conditions required for self-relevance to bias our cognitive processing.  
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5.1 Introduction 

Information that is ‘referred’ to the self – or is processed in relation to the self – receives 

a memory advantage in comparison to information related to other people. In memory 

research, this is known as the self-referential effect. This effect was typically examined 

by asking participants to evaluate trait words (i.e. trustworthy, creative, courageous) 

in relation to either themselves or to others (i.e. Would ‘courageous’ describe you?, 

Would ‘trustworthy’ describe the President?). In a subsequent test of incidental recall, 

the trait words that had been encoded self-referentially were better remembered than 

trait words that had been associated with the other person. The source of this 

memorial advantage is demonstrated to be the way in which an item is encoded; items 

encoded to the self receive greater attention and the memory trace is stronger and 

more robust in comparison to when we encode information in relation to others 

(Symons and Johnson, 1997; Bentley, Greenaway, Haslam, 2019).  

 

These initial trait-based tasks required participants to explicitly evaluate each trait in 

reference to the self or the other. However, the memory advantage has since been 

shown even when stimuli are encoded to the self through more implicit means. For 

instance, Turk, Cunningham, and Macrae (2008) presented various objects to 

participants, each represented by pictorial cards. Each object was shown alongside 

either a picture of the participant’s face or a picture of another’s face. The authors 

demonstrated that there was better item recognition in a subsequent old/new 

judgement task (i.e., have you seen this object before?) if the object had been 

presented alongside a picture of the self. This may be due to greater attention afforded 

to the self-face as a stimulus, which then allows for stronger encoding of the 

associated object. Still, it demonstrates that there is a memory advantage for items 

that have been incidentally – rather than explicitly – encoded to the self.   

 

A particularly robust means of associating, or referring, a stimulus to the self is by 

ownership. Specifically, when participants feel a sense of ownership over external 

objects (Cunningham, Turk, Macdonald, & Macrae, 2008), or even over ideas (Gregg, 

Mahadevan, and Sedikides, 2017) they are better remembered and viewed more 

positively than similar objects or ideas belonging to others (Kahneman, Knetsch, & 
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Thaler, 1991; Huang et al., 2009). This bias is shown even though ownership over 

these items is imaginary, transient, and induced by the experimental task. 

 

Cunningham et al., (2008) assigned participants ownership over various shopping 

items by placing items either in their own shopping basket or an adjacent basket 

belonging to another (see Figure 19). Items were represented by pictorial cards and 

were colour coded as either blue or red, signalling ownership either by self or by the 

other. The experimenter held up each card, said the name of the item, and asked 

participants to move the card into the correct basket according to colour e.g. self-

owned blue items were sorted into the self-owned blue basket. Participants were 

asked to imagine they owned whatever items were in their basket at the end of the 

experiment.  

 

Finally, participants completed a surprise memory test of the shopping items and were 

shown a digitised pictorial card with the name of the item written on screen. 

Participants were presented with a mixture of old items and foils and were asked to 

judge whether they had seen each item before, or not. The results revealed a self-

referential effect in which more self-owned items were correctly recognised, relative to 

other-owned items.  

 

The influence of self-referential encoding has been shown not only in recognition tasks 

such as these (i.e., testing item memory), but has also been shown to interact with 

Figure 19. Illustration of the item sorting task (i.e. Cunningham et al., 
2008; 2011). Items are sorted into two categories: either self-owned or 
other-owned, according to the colour coding of the items relative to 
the baskets which are assigned as belonging to self or other. Items 
are represented pictorially and also heard auditorily. Figure is 
reproduced from Cunningham, Brady-Van den Bos and Turk, 2011.  
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source memory (Lawrence and Chai, 2021; Yin, Ma, Xu, Yang, 2017). That is, memory 

of the source of the learned information (Pandey, 2011) such as the context in which 

it was encoded. This is clear from tasks in which participants are not tested on their 

recognition of whether items have been previously seen or not but, rather, are asked 

to whom the item was referred. For instance, a study by Cunningham, Brady-Van Den 

Bos, & Turk (2011) involved self-chosen and self-owned shopping items that could 

therefore be categorised as either: self-owned and chosen by self, self-owned but 

chosen by other, other-owned but chosen by self, or other-owned and chosen by other. 

At test, participants were shown all items again alongside unseen foils. For each item, 

participants were asked whether the items belonged to the self, the other, or were new. 

This therefore assessed not only item recognition but, further, source memory; 

requiring details about the way in which the information was encoded and who it was 

referred to. Recognition memory was significantly more accurate for the self-owned 

items that had also been chosen by the self, relative to the other categories. However, 

there was also a bias towards the self-owned items relative to any other-owned items. 

This suggests that having ownership of items enables the memory advantage, which 

may be enhanced if participants have personally chosen to own the items.   

 

The effect of ownership may also underlie the perceptual prioritisation of a new self-

voice as presented in Chapter 2; when the voice becomes self-relevant through 

ownership, processing of that voice is enhanced relative to the voices of others. It is 

possible, therefore, that the new-voice is not only better recognised but also better 

remembered, especially after it has been personally chosen. This chapter therefore 

explores the possibility that through stronger encoding for a new chosen self-voice, 

items said aloud in that voice are better remembered. The two experiments presented 

here use adapted versions of the shopping basket task (Cunningham et al. 2008). 

Experiment 8 tests whether there is enhanced item memory for items that have been 

assigned to the self via the self-voice. Experiment 9 assesses whether there is 

enhanced source memory for items assigned via the self-voice. 

5.2 Experiment 8 

In Experiment 8 I assessed item memory and hypothesised that there would be 

stronger encoding for items said in the self-voice relative to items said in an other-
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voice. If so, this would be evidenced by higher accuracy in recognising items 

presented in the self-voice.  

 

5.2.1 Participants 

36 participants (age range = 19-40, mean age = 26.7 years, sd = 6.7 years, 18 female, 

18 male) were recruited online via Prolific (www.prolific.ac) as native speakers of 

English with no visual impairments, hearing difficulties, cognitive impairments or 

dementia and with an approval rate of over 90%. Participants were then tested online 

using Gorilla (gorilla.sc, Anwyl-Irvine et al., 2019). Participants were also required to 

use Google Chrome as their internet browser and to pass a headphone check (Milne 

et al., 2020) to ensure they were wearing headphones and able to hear the stimuli. 

Ethical approval was obtained from the Departmental Ethics Committee in Speech, 

Hearing and Phonetic Sciences at UCL (SHaPS-2019-CM-030). Informed consent 

was obtained from all participants prior to testing and participants were paid and 

debriefed upon completion of the study.  

 

5.2.2 Methods 

5.2.2.1 Stimuli 

The stimuli comprised 216 voice clips saying shopping-related words. This stimulus 

set size replicates that of the original paradigm (Cunningham et al., 2008). The 

stimulus set was newly created using synthesised voices that were provided by 

CereProc Ltd., a company that provides realistic-sounding voices. All 216 words were 

generated in each of four CereProc voices that were available and then converted to 

.mp3 files using Audacity (Audacity Team, 2019). Thus, in each voice, there were 216 

spoken word clips each naming either a food-related item (i.e., bread, milk, chocolate) 

or household-related items (i.e. ladle, cushion, clock).  These items were then divided 

into three smaller stimulus sets (Set A, Set B, FOILS; see Appendix for full set) each 

comprising 72 items such that each set was broadly matched for item type (i.e. food 

vs household), word length, number of syllables, and word frequency according to the 

SUBTLEX-UK corpus (van Heuven, Mandera, Keuleers, & Brysbaert, 2014).  
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5.2.2.2 Procedure 

Task 1: Choosing a new voice 

Participants were each passively exposed to a voice clip saying ‘The house had nine 

rooms’ from each of the four available synthesised voices. These were presented in 

randomised order and were included to ensure all available voices were taken into 

consideration before selection. These voices could then be replayed, and participants 

were asked to choose one to represent them in the rest of the study (i.e. ‘Which voice 

do you want as your own?’). Of the four voices available, two were female-sounding 

voices, two were male-sounding.  

 

After the participants had chosen a voice, they were familiarised with their new self-

voice and a voice belonging to an ‘other’ (labelled as ‘stranger’), again via passive 

exposure. If the participant chose a female-sounding voice for the self, the voice 

assigned to the stranger was male-sounding. If the participant chose a male-sounding 

voice, the voice assigned to stranger was female-sounding. This was done to ensure 

participants could discriminate easily between the two synthesised voices in the later 

tasks.  

  

To familiarise participants to the voices, each voice was presented and its correct 

identity label was shown onscreen. Specifically, an identity label of either ‘YOU’ or 

‘STRANGER’ was displayed in the centre of the screen in black uppercase font on a 

white background and remained on-screen for 3000ms. 500ms after the label’s onset, 

an auditory exemplar of ‘hello’ from the correct voice was played. After the auditory 

stimulus finished, the label remained on the screen until the end of the 3000ms trial. 

The familiarisation phase consisted of only 4 trials, with each label-voice pairing 

presented twice in a random order.  

 

Task 2: Shopping Task 

In the shopping task, participants were asked to imagine that they were in a 

supermarket gathering food and household items to buy. Further, that the stranger, 

whose voice they had just heard, was also there. Participants were then instructed 

that all shopping items that were available to buy would be said aloud, either in the 

voice they had chosen for themselves or in the stranger’s voice. Importantly, items 
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that were said by their own voice went into their own (imaginary) shopping basket and 

belonged to them. Likewise, items that were said by the stranger’s voice went into the 

stranger’s basket and belonged to the stranger.   

 

Within the task, 144 shopping related words were presented as auditory tokens; 72 

were said in the participant’s chosen voice – the self-voice – and 72 were said in the 

stranger’s voice. Which set of 72 stimuli was pre-assigned to be self-owned, other-

owned (owned by the stranger), or later presented as foils was randomised across 

participants.  Each trial was as follows (see Figure 20); a fixation cross was shown 

onscreen for 250ms followed by a 100ms blank screen. One of the voices said an item 

and, at its offset, a screen appeared asking the participants to answer two questions: 

1) Did you understand what was said? Yes or No and; 2) Whose item is it? Mine or 

Theirs.  

 

 

 

 

 

 

 

 

 

 

 

 

The first question was included to ensure that any items that were not recognised in 

this task were later removed from the analysis of the memory task. Given the use of 

synthesised voices, some items were more discernible than others according to the 

chosen voice. Thus, it was important to check comprehension prior to the memory test 

to ensure that only items that had been understood were tested; there would likely be 

poor item memory for items that had not been understood. The second question 

required participants to judge to whom the item now belonged (self- or other-

ownership) based on whose voice said the item’s name. This measure also allowed 

Figure 20. Trial structure for the item sorting task used in Experiment 8. 
Shopping items are assigned as either self-owned or other-owned 
according to the voice they are presented in. Voices are associated as 
belonging to either self or other through familiarisation in Task 1.  
 

Fixation cross 
(250ms) 

 

Self-voice or  
Other-voice 
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us to ensure participants paid attention to distinguishing between the two voices and 

provided a measure of voice recognition performance accuracy.  

 

Task 3: Memory Task 

Participants then completed a surprise memory task. Specifically, I assessed 

participants’ accuracy in recognising whether an item had been presented in the 

previous task or not, via an old/new judgement task. All 144 of the shopping items 

were presented again plus an additional 72 foils that participants had not previously 

heard. Importantly, all 216 words were presented visually onscreen in text, rather than 

auditorily in one of the synthesised voices. A fixation cross was shown onscreen for 

250ms followed by a 100ms blank screen. An item name was then displayed in the 

centre of the screen in black uppercase font on a white background and remained 

visible until participants judged it to be either ‘old’ or ‘new’ by clicking corresponding 

buttons on screen.  

 

All 216 items were presented in three blocks of 72 with breaks in between each block. 

Participants were not provided any feedback in the task.  

 

5.2.2.3 Design 

Experiment 8 consisted of one within-subject factor of ‘voice identity’ (self, or other) 

which is here analogous to ownership; items were self-owned because they were 

presented in the self-voice, items were other-owned because they were presented in 

the other-voice.  

 

5.2.2.4 Pre-processing and exclusion criteria 

In the shopping task, participants were asked two questions, which were used to both 

engage the participant and to inform exclusion criteria. Question 1 asked whether they 

had understood which item was being referred to in the voice clip. As the study was 

designed to assess item recognition in the subsequent memory task, any items that 

each participant reported had not been understood were excluded from the analysis 

of the memory task. This accounted for less than 0.3% of trials. Question 2 asked 

participants to identify who the item belonged to, according to which voice said the 

item. Any items that had been misattributed to either self or other were also excluded 
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as this showed participants failed to distinguish between the two voices and may not 

have been engaged in the task. This accounted for a further 1.4% of trials.  

 

In line with the previous study (Cunningham et al., 2008), each participant’s hit rate for 

self-owned items and other-owned items was corrected by subtracting the baseline 

false alarm rate for judging foils as “old” items.  Overall, false alarms comprised 17.3% 

of participants’ responses to foils, which is considerably higher than the previous study 

in which only 7.2% of responses were false alarms (Cunningham et al., 2008). Whole 

datasets for two participants with false alarm rates over 50% were excluded and not 

replaced, as this indicated erratic responses.  

 

5.2.2.5 Analysis 

To assess whether there was better recognition for the self-owned items (i.e., items 

assigned to self via the self-voice) or for other-owned items, corrected hit rates for 

each ownership group were analysed in a generalised linear mixed model (using 

lme4). The model included ownership (self-owned items vs other-owned items) as the 

only predictor and three random intercepts: participant, stimulus set, and voice (i.e., 

which of the synthesised voices they heard as self and as other).  

 

E.g. lmer(corrected hit rates ∼ ownership +  

1 | participant + 1 | stimulus set + 1 voice, REML = FALSE) 

 

Statistical significance of the effects was established via likelihood ratio tests by 

dropping the fixed effect of ‘ownership’ from a full model that included the random 

intercepts.  For all analyses reported here, post-hoc comparisons were conducted in 

emmeans (Lenth, 2016) and were adjusted for the multiple comparisons via Bonferroni 

correction.  

 

5.2.3 Results and Discussion 

The uncorrected hit rates from Experiment 8 are plotted in Figure 21. The correct hit 

rates were then analysed. Here, the main effect of ownership was non-significant 

(χ2(1) = 0.873, p =.351) This indicated that item memory did not significantly differ for 

self-owned items or other-owned items.  
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Within these results there was no detectable memory advantage for self-owned items 

relative to other-owned items. Therefore, the current results suggest that items 

encoded self-referentially via the self-voice are not better remembered.  

 

It is possible that this null result is because the self-voice was not associated to 

participants’ concept of self strongly enough to trigger self-referential encoding for the 

objects said in that voice. Previous studies suggest that self-referential encoding can 

occur both when the objects are explicitly referred to self (i.e., traits evaluated in 

reference to self) and, as here, implicitly referred by association to self (i.e. objects 

better remembered when presented alongside the self-face). Here then, I 

hypothesised that hearing items said aloud in the self-voice would implicitly enable 

self-referential encoding such that those items were processed in relation to the self. 

Figure 21. Experiment 8: Proportion scores (uncorrected hit rates) 
according to ownership (self-owned or other-owned). The error bars 
indicate the SEs of the means. Coloured segments show smooth density 
curves for the full data distribution, while individual dots indicate mean 
scores per participant.  
 



5. Memory advantage for a new self-voice 

___________________________________________________________________________ 

 
152 

This was not the case. It is possible then that the relation was too implicit; that the item 

being presented in a new self-voice was not equivalent to items being presented 

alongside the true self-face. The additional distance, from self, to self-associated 

voice, to self-owned object was too weak a link for participants to implicitly assume 

self-ownership over items said in that voice and, thus, items were not encoded self-

referentially. Indeed, the memory advantage for ‘self’ tends to be larger when the 

stimulus is encoded explicitly (Turk, Cunningham, and Macrae, 2008). 

 

Given that the effect of self-referential encoding for self-owned items is, typically, 

robust, the lack of memory advantage here may also be due to the task design. It is 

possible that the task was less engaging when run online, remotely, compared to 

previous iterations of this task. In a similar online study by Sparks, Cunningham and 

Kritikos (2016), the memory advantage was influenced by the degree to which 

participants actively engaged with objects in the encoding phase. When participants 

were able to sort items by a quick keypress as being either self- or other- owned 

according to the colour coding cue, it did not necessitate maximum attention on the 

object itself. Indeed, a memory advantage for self-owned items was only detected 

when participants were encouraged to focus more on the objects at the encoding 

phase.  In the original study, ownership was also assigned by colour-coded stickers 

placed on each pictorial representation of an image. However, the experimenters 

placed these coloured stickers in different locations on each image to ensure 

participants focused on every object in turn.  

 

It was not possible to replicate this equivalently in the current study using only auditory 

stimuli; thus, I instead included a judgement of whether the item was discernible and, 

second, in which voice it was said. It is also possible that this task design actually split 

participants’ attention by asking whether they were able to discriminate the item in 

each auditory clip. That is, visually recognising an object and an associated colour-

cue as in the original task may engage very similar underlying processes. In contrast, 

requiring participants to complete an auditory speaker recognition task simultaneously 

to object (word) recognition may have engaged different mechanisms. By splitting 

participants’ attention, the memory advantage may have been reduced. Turk, Brady-

van den Bos, Collard, Gillespie-Smith, Conway et al. (2013) demonstrate that the 
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typical effect of self-ownership on memory only arises when sufficient attentional 

resources are available. If this task was too demanding on attentional resources at the 

time of encoding, any memory enhancement through self-referential encoding may 

have been diminished.  

 

Relatedly, the fact that participants were presented the items only auditorily rather than 

visually may have increased the difficulty of the task. It is widely established that items 

presented as pictures are better remembered - with higher fidelity – than the same 

item presented auditorily (Ally & Budson, 2007; Bigelow & Poremba, 2014; Cohen, 

Horowitz, Wolfe, 2009; Grady, McIntosh, Rajah, Craik, 1998). The auditory stimuli 

were only presented for the duration it took for them to be heard. In contrast, the 

original task required participants to physically sort pictorial cards into baskets which 

may have maximised engagement with each object. Indeed, performance in the 

current experiment was ~10-15% lower than in previous studies when comparing 

corrected hit rates (i.e., Cunningham et al., 2008) and this was due to a higher false 

alarm rate. This may be underpinned by data quality; poor performance accuracy may 

also reflect low engagement with the task. Future iterations of this task should work to 

better assess attention and direct focus to each item for longer.  

 

Overall, in contrast to previous literature, the current study shows that item memory is 

not significantly better for self-owned items relative to other-owned items. Here, this is 

analogous to saying that there is no better memory for items because they have been 

encoded to the self via a self-voice. Experiment 9 expanded this work and aimed to 

address a possible advantage for source memory, if not item memory.  

5.3 Experiment 9 

In Experiment 9, I assessed source memory and hypothesised that there would be 

enhanced source memory for items encoded as self-owned than other-owned. If so, 

this would be evidenced by higher accuracy in identifying the ownership of self-owned 

items than other owned items. Here, again, items became self-owned implicitly, 

signalled by the self-voice.  
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5.3.1 Participants 

36 participants (age range = 18-40, mean age = 28.1 years, sd = 6.4 years, 18 female, 

18 male) were recruited online via Prolific (www.prolific.ac) as native speakers of 

English with no visual impairments, hearing difficulties, cognitive impairments or 

dementia and with an approval rate of over 90%. Eligible participants were then tested 

online using Gorilla (gorilla.sc, Anwyl- Irvine et al., 2019). As before, participants were 

also required to use Google Chrome as their internet browser and to pass a 

headphone check (Milne et al., 2020) to ensure they were wearing headphones and 

able to hear the stimuli. Ethical approval was obtained from the Departmental Ethics 

Committee in Speech, Hearing and Phonetic Sciences at UCL (SHaPS-2019-CM-

030). Informed consent was obtained from all participants prior to testing and 

participants were paid and debriefed upon completion of the study.  

 

5.3.2 Methods 

5.3.2.1 Procedure 

Participants completed the same three tasks as in Experiment 8, including choosing a 

new voice, the shopping task and finally a memory task. Experiment 9 used the same 

stimuli as in Experiment 8. However, the tasks were adjusted as follows. First, in the 

shopping task, the question asking whether or not participants understood the auditory 

presentation of the item was removed. In Experiment 8, negative responses counted 

for <0.3% of trials and the task demands may have split participants’ attention. Thus, 

in Experiment 9, the only question participants answered in the shopping task was: 

Who does the item belong to? As before, successfully answering this question 

required identifying which of the two voices – self, or other – the item was said in. 

 

Second, in the memory task, I wanted to test source memory rather than item 

recognition. As such, the old/new judgement task included in Experiment 8 to test item 

memory was removed. Participants were instead asked to report whether each 

shopping item was owned by Self, Other, or Neither (in the case of foils). Every other 

part of the procedure remained the same.  
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5.3.2.2 Design 

Experiment 9 consisted of one within-subjects factor of ‘voice identity’ (self, other) 

which, again, is analogous to ‘ownership: it was self-owned if it was said in the self-

voice, other-owned if it was said in the other-voice.  

 

5.3.2.3 Pre-processing 

As before, participants’ responses in the shopping task informed the exclusion criteria. 

Any shopping items for which participants misidentified the correct owner (according 

to which voice said the item) were excluded. Erroneous responses indicated that they 

failed to discriminate between the two voices and/or did not correctly encode the item 

either as self-owned or other-owned. This counted for <1% of trials.  

  

For each participant, unbiased hit rates (Hu scores; Wagner, 1993) were calculated to 

more precisely model participant’s accuracy in judging items to be either self-owned, 

other-owned or foils (i.e., previously unheard, unowned items).  Hu scores provide a 

measure of accuracy according to both stimulus frequency and response frequency. 

That is, Hu scores combine the probability that a stimulus is a) correctly identified 

according to how many times it has been presented and b) that a particular response 

is correctly used according to how many times that response is appropriate.   

 

For example, for all the self-owned items, instances in which the item was correctly 

identified as being self-owned were coded as hits. Instances in which the item was 

judged to be self-owned when it was actually other-owned or a foil were coded as false 

alarms.  Instances in which the item was incorrectly judged to be other-owned or a foil 

when it was actually self-owned were coded as misses. Instances in which the item 

was correctly judged to be other-owned or a foil were coded as correct rejections (i.e., 

participants correctly rejected the item as not self-owned). A confusion matrix was 

thereby created per participant (see Figure 22a) and, from this matrix, the calculation 

for unbiased hit rates (i.e., Hu scores) could be applied (see Figure 22b). All Hu scores 

were arcsine transformed (Wagner, 1993) and the same coding process was then 

repeated for the two other response categories: other-owned and foils. To compare 

this performance with chance, an individual chance level was also calculated per 

participant, per condition (Wagner, 1993). Chance was calculated as the joint 
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probability that a stimulus would co-occur with a response of a corresponding category 

(i.e., a hit) by multiplying together the independent probabilities of each of these 

occurring alone (see Figure 22c).  

 

5.3.2.4 Analysis 

Participants’ arcsine-transformed, unbiased hit rates (Hu scores) for self-owned items 

and other-owned times were assessed in a linear mixed model (using lme4). The 

model included ownership (self-owned items vs other-owned items) as the only 

predictor and three random intercepts: participant, stimulus set, and voices (i.e. which 

of the synthesised voices they heard as self and as other).  

 

E.g. lmer(unbiased hit rates ∼ ownership + 1 | participant + 1 | stimulus set +  

1 | voice, REML = FALSE) 

 

Statistical significance of the effects was established via likelihood ratio tests by 

dropping the fixed effect of ‘ownership’ from a full model that also included the random 

intercepts.   

 

5.3.3 Results and Discussion 

The Hu scores from Experiment 9 are plotted in Figure 23. Here, the main effect of 

ownership was non-significant (χ2(1) = 1.477, p =.22) and this indicated that source 

memory did not significantly differ for self-owned items or other-owned items.  

 

Figures 22a-c. 22a: An example confusion matrix for one participant in 
Experiment 9. 22b: The calculation applied to the confusion matrix to calculate 
Hu scores (unbiased hit rates) per participant, per condition. 22c: The calculation 
applied to the confusion matrix to calculate chance level performance per 
participant, per condition (see Wagner 1993). 
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Thus, there was no evidence of enhanced source memory for self-owned items 

relative to other-owned items. This suggests that source memory was not enhanced 

for items because they were referred to self via the self-voice. This result tallies with 

Experiment 8 such that I, overall, fail to replicate the typically advantageous effect of 

self-referential encoding on either item memory or source memory.  

 

As in Experiment 8, it was necessary to consider how memory may have been affected 

by the level of engagement with the items at the encoding phase (i.e., in the shopping 

task). In this task, participants were only required to judge who the item belonged to, 

according to the voice in which it was said. It is possible that this could be correctly 

determined only by a process of discriminating between the two voices, without giving 

due attention to the content of the voices (i.e., the items themselves). Thus, the lack 

of memory enhancement for the self-owned items here may again be because the 

Figure 23. Experiment 9: Mean Hu scores (unbiased hit rates) according to 

ownership (self-owned or other-owned). The error bars indicate the SEs of 
the means. Coloured segments show smooth density curves for the full data 
distribution, while individual dots indicate mean scores per participant.  
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items did not receive sufficient attention for self-referential encoding. Performance 

accuracy here was slightly lower relative to previous studies assessing source 

memory; raw accuracy was at 71% for identifying objects that were self-owned 

compared to ~82% in Allan et al., 2017, for instance). However, it is clear from the 

current results that participants were performing above chance (Figure 24). 

  

Paired samples t-tests were run to statistically test whether participants performed 

above chance in this task. Specifically, I compared Hu scores to chance level for both 

self-owned items and then other-owned items. The t-test comparing participants’ 

performance for self-owned items relative to chance performance for that condition 

was significant (t(35) = -4.80, p <.001). This shows that participants’ memory 

performance was significantly better than chance for self-owned items. Similarly, the 

t-test assessing the difference in performance for other-owned items relative to chance 

Figure 24. Experiment 9: Participants’ individual performance accuracy (Hu 
scores i.e., unbiased hit rates, arcsine transformed) in each condition (self-
owned objects, other-owned objects) relative to chance level performance for 
that participant, in that condition. Each vertical line represents an individual 
participant, with green circular dots representing Hu scores for self-owned 
objects, orange circular dots for other-owned objects. Positive integers show 
performance above chance level, negative integers show performance below 
chance level.  



5. Memory advantage for a new self-voice 

___________________________________________________________________________ 

 
159 

was also significant (t(35) = -6.07, p<.001). Thus, all participants were performing 

above chance, suggesting reasonable engagement with the task. Despite this, there 

was no evidence of a memory advantage for self-owned items or, therefore, for items 

referred to the self via the self-voice.    

5.4 General Discussion 

Across Experiments 8 & 9, I assessed memory for self-owned items that had been 

assigned to the self implicitly via their association with the self-voice. Within the current 

task design, there was no evidence for a memory bias for either the self-voice or the 

self-owned items.  

 

It is clear from the literature that there is typically better memory for self-owned items 

because they are associated with the self. Relatedly, from the studies presented within 

this thesis, it is clear that there is better recognition of a new self-voice - again, because 

it is associated with, and owned by, the self. These associations are therefore direct; 

the saliency of a new stimulus can be altered because of its direct relevance to the 

self-concept. Within the current task design then, it is possible that there was no bias 

for the self-owned items because they did not become associated with the self but, 

rather, with the self-voice. That is, the task essentially required a two-step process of 

referring stimuli to the self; first between the self and a new voice and then between 

the new voice and the self-owned items. The self-owned items could only become 

self-relevant by the fact that they were associated with the self-voice. Further studies 

may serve to test whether this additional step affects the strength of self-association 

and therefore the attribution of self-bias.  

 

Given the lack of effect here, it is interesting to consider the robust effect of self-bias 

for a self-voice in speeded judgement tasks, such as in the perceptual matching 

paradigm. Importantly, this task also relies – implicitly – on the memory of what has 

previously been encoded self-referentially (i.e., has been associated with the self) from 

what has been encoded other-referentially (i.e., has been associated with other). Yet, 

in Experiments 8 and 9, the typical bias for the self-voice does not extend to more 

accurate memory for the content of what was said in that voice (i.e., the items 

themselves). This suggests that the processes by which self-referential encoding 
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enhances our processing may differ according to the task demands, be it faster 

perceptual processing or stronger memory traces.    

 

However, it is also possible that the lack of effect was because of the lack of 

engagement in the task; self-referential encoding relies on sufficient attention being 

given to the stimulus at the time of encoding. Further, the typical memory advantage 

relies on conscious awareness of the information being self-relevant (Kim, Jeon, 

Banquer, & Rothschild, 2018) which may not have been stressed within the task. 

Although the voices were understood as self-relevant, it is possible that the relevance 

of the items themselves was not emphasised explicitly enough. Future iterations will 

need to devise ways of maximising attention, emphasising what is self-relevant, and 

assessing engagement with the items. This could involve requiring participants to 

transcribe the heard word, and/or presenting the item both pictorially and auditorily. 

Further, it could be worthwhile to include the self-voice and other-voice only as a 

means of assigning ownership over items (e.g., saying ‘mine’ where relevant, akin to 

colour coding) rather than as a means of presenting the item as well. Additionally, 

when this task is conducted in person, the participant has a physical representation of 

an ‘other’ and the objects that the other owns (which, are therefore not self-

associated). It may be that participants did not distinguish between self and other 

within this task because self-ownership over the items was so arbitrary, and the other 

identity was essentially absent. This could have reduced the extent to which self-

owned objects were encoded differently from other-owned objects.  

 

Lastly, this implementation of the shopping basket task was limited in its ability to 

elucidate a memory bias for self-owned items from bias for the self-voice. That is, if 

there had been enhanced memory for the self-owned items, it would not have been 

clear whether this was because the items were self-owned or because they had been 

said in the self-voice. A further study could disentangle these by presenting each item 

in either the self-voice or the other-voice but embedded in a sentence such as ‘The 

apple is mine’, or ‘The apple is not mine’. This would allow for participants to be 

assigned ownership over items by both the self-voice and other-voice and would allow 

a contrast between memory bias for items that are a) said in the self-voice and are 

self-owned; b) said in the self-voice but are other-owned; c) said in the other-voice but 
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are self-owned; d) said in the other-voice and are other-owned. This would provide 

further insights into how self-bias is influenced by the effect of ownership but also by 

the way in which it is referred to the self.  

 

Overall, the experiments presented in this chapter suggest that bias for the self-voice 

does not extend to better memory for items said in that voice, nor for the ownership of 

those items. While it is possible that this result is underpinned by the task design, it 

does highlight the sensitivity of self-referential encoding in terms of attentional 

resources and the salience of items as being self-relevant within the task. Biasing of 

perceptual processing, by contrast, is considerably more robust and sensitive to the 

status of sensory stimuli as self-relevant or not. These results raise further questions 

and provide a starting point for further examination of the boundaries of self-bias and 

the extent to which a new self-voice can bias cognitive processing purely by it 

becoming self-relevant.  
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6 Using a new self-voice in a social context  

 

 

Abstract 
 

This thesis has explored the roles of ownership and choice in influencing whether – 

and the extent to which – a new voice is perceived as part of the self. Yet voices are 

fundamentally social stimuli, and their relevance to the self may be underpinned by 

the extent to which they can be used to communicate with others. A voice may become 

better incorporated into the self-concept if it can physically represent the self through 

its use. In Experiment 10, I assessed the importance of having agency and flexible 

control over a new voice on how far it was deemed self-relevant. To enable 

participants to use a new self-voice, a novel two-player online game was created, in 

which participants were able to use a new synthesised voice to represent themselves 

and interact with another participant in a 30-minute game. At test, I compared 

participants who had played the online game to a control group (n=44) who had only 

brief exposure to the voices. The potential effect of having agency in using the voice 

was again assessed according to whether the self-voice was perceptually prioritised 

to a greater extent after it had been self-produced, relative to a voice that was only 

owned. Relatedly, I assessed sense of agency over a voice that participants had been 

able to exert control over, relative to a voice that was only self-owned. The results 

indicated that both experimental participants and control participants perceptually 

prioritised their self-voice and experienced a sense of agency over it. Critically, having 

agency over the voice in a social interaction did not modulate bias towards it nor sense 

of agency over it in the subsequent interval estimation task. Together, the results 

suggest that the fundamental knowledge of what is “mine” may be sufficient to 

generate a perceptual bias and a sense of agency, which speaks to the automaticity 

of this cognitive self-bias.  
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6.1 Introduction 

A voice is ‘revelatory of self, mental states, and consciousness’ (Sidtis and Kreiman, 

2012, p.4). However, a voice cannot be revelatory in this way without vocal action from 

the speaker. Rather, a voice can only exist if someone has actively produced a sound 

(Scott and McGettigan, 2015). Unlike faces, which transmit identity cues continually 

and perhaps even if the person does not want to be identified, it is only through the 

speaker’s use of their voice that the voice can represent the self. Thus, it is not through 

simply having a voice that we achieve our social and communicative goals, but through 

how we use it.  

 

This is particularly evident for people who are not always able to use their own self-

generated voice but rely on an Augmentative and Alternative Communication (AAC) 

device to communicate. The relative difficulty of using technology to communicate 

quickly - and with as much nuance as natural speech - can sometimes result in the 

misperception that ‘less talk means fewer ideas’ (Wickenden, 2011, p.3). Thus, the 

ability to use a voice to meet both communicative and social goals is critical to the 

accurate construction and negotiation of the self-concept in relation to others.  

 

It is important, therefore, to assess the experience of the self-voice, not just as 

something that is owned but as something that is used. Thus far, this thesis has 

investigated the self-bias that is attributed to a new self-voice and the agency people 

experience over it after simply being given, or choosing, the voice as a social stimulus 

to own. In all cases, participants have only heard their new self-voice and have not 

actively used it in a social context, either as a means of self-representation or as a 

means of achieving a communicative goal. This chapter therefore extends these 

studies to evaluate whether the self-bias attributed to a new voice, and/or the sense 

of agency over it, is modulated by self-producing the voice in a social context. A novel 

online environment was created to allow pairs of participants to interact together using 

new self-voices via text-to-speech technology. In line with the previous chapters, self-

bias and agency were subsequently assessed using a perceptual matching paradigm 

(Sui et al., 2012) and an interval estimation task (Engbert, et al., 2007), respectively.  
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6.1.1 Bias for self-produced outcomes 

Previous studies have shown that the outcomes of self-produced actions are better 

recognised than those of others’ actions. For instance, people can recognise their own 

biological motion better than the motion of other people (Wolff, 1931; Beardsworth and 

Buckner, 1981). That is, when asked to make judgements of whether a movement has 

been self-produced or other-produced, self-produced motion is more accurately 

recognised. This extends to better recognition of self-produced drawings (Knoblich 

and Prinz, 2001); handwritten strokes (Knoblich, Seigerschmidt, Flach, & Prinz, 2002); 

and even self-produced sounds such as clapping (Repp,1987). Repp and Knoblich 

(2004) have also demonstrated that pianists can better recognise their own 

performances from those of others who perform the same score. Interestingly, the 

pianists also rated their own performances more highly on average than those of other 

pianists and, further, higher than anyone else rated theirs. This is analogous to people 

rating their own voice both as more attractive than other peoples’ and also as more 

attractive than other people rated theirs (Hughes and Harrison, 2013). The higher 

ratings for the self-voice in the latter study are assumed to arise because of an implicit 

egotism - a self-serving bias - which also seems applicable to the pianists’ higher than 

average self-ratings.  

 

The fact that people judge the outcomes they have self-produced more positively is 

evident in several other studies. For instance, when people are actively involved in 

self-preparing and producing their own food, it increases their liking of it (Radtke et al. 

2019; Dohle, Rall, & Siegriest, 2016). This finding is also evident in the classic IKEA 

effect (Norton, Mochon, & Ariely, 2012), in which objects that have been self-produced 

are more highly valued. For instance, when participants are asked to make origami 

figures (Mochon, Norton, and Ariely, 2012; Norton et al. 2012); furniture items 

(Bendapudi and Leone, 2003); and customised clothing (Franke et al., 2010), the end 

product is consistently rated as more valuable than an identical item made by 

someone else.  

 

Within these self-production studies, the increased value of self-produced items is 

most prominently seen to be because of the creation of an end product which can 

signal a competent self-identity to both the self and to others (Mochon, Norton, Ariely, 
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2012; Norton et al., 2012). Further, because self-produced items can allow 

individualisation, they also afford greater self-expression (Kaiser et al., 2017; Yoo and 

Park, 2016). Therefore, the self that is reflected by a self-produced item is more 

identity-congruent than the self that may be reflected by a generic item. It is possible, 

however, that such items are also viewed more positively because they have become 

self-associated through the process of making.  

 

The advantageous effect of self-produced outcomes is also evident in memory. A 

wealth of research has shown that words are better remembered when they are said 

aloud, as opposed to silently read (MacLeod et al., 2010) or heard in another’s voice 

(MacLeod 2011; Mama and Icht, 2016). This effect – known as the production effect 

(MacLeod et al., 2010) – is further increased when words are either read loudly or 

sung (Quinlan and Taylor, 2013). This finding is presumed to arise because of the 

increased distinctiveness of the production, which, in turn, imbues a greater memory 

advantage. Furthermore, this memory advantage remains when participants hear the 

words they self-produced in an earlier study played back on a recording later 

(Maslowski, Meyer & Bosker, 2018). This suggests that the act of self-producing 

outcomes imbues a lasting advantage in memory for those outcomes.  

 

6.1.2 Effects of self-production on perceptual prioritisation 

Given the findings reviewed above, there are several factors that suggest that the use 

of a new self-voice may affect the way people perceive and experience that voice. The 

current study therefore investigates whether producing a new self-owned voice 

influences perceptual prioritisation of that voice, or sense of agency over it.  

 

First, bias may be increased as the voice shifts from being a self-owned stimulus to 

one that allows self-expression. Given that the voice, when self-produced, signals the 

self-identity, it may be deemed more self-relevant than when that signal is only self-

owned. This greater self-relevance may enhance bias towards it. Indeed, in Chapter 

4, I demonstrated that the true self-voice was prioritised more than a voice that was 

only self-owned. This greater prioritisation may have been underpinned by factors that 

make it more self-relevant, such as its being self-produced, and/or more familiar, 

and/or more identity-relevant.  
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If people are biased towards self-produced outcomes because they reflect a 

competent self-identity (Mochon, Norton, Ariely, 2012; Norton et al., 2012), the use of 

a new self-voice may similarly signal competence to another participant. Although the 

voice is not a tangible object created manually as in the studies reviewed above, it is 

through the self-production of vocal outcomes that a communicative message is 

“made” – the voice allows a talker’s thoughts, ideas, preferences and, indeed, social 

traits such as competence, to be conveyed to another speaker. The ability to use the 

voice therefore – relative to simply owning a voice - may increase bias towards it if it 

can be used to signal a competent identity to another.  

 

Relatedly, in Chapter 2, I examined whether a voice that was more identity-relevant 

with the participant, specifically in terms of gender, could influence bias towards the 

voice. Identity-relevance here may be analogous to greater self-expression; by 

gender-matching the voice to the participant, it allowed a more accurate means of self-

representation. However, the results suggested that a new voice’s similarity to the true 

self did not affect how much it was prioritised. Thus, I concluded that a stimulus is 

prioritised according to whether it is self-relevant or not, rather than by the degree to 

which it is self-relevant. In this previous study though, the voice was not used as a 

means to represent the self to others and thus, the degree to which that voice was 

identity-relevant and able to accurately represent the self may have been irrelevant. 

Here then, once the new voice has become not only self-owned but a tool that is used 

to interact with another participants, its potential to more accurately represent the self 

may enhance the bias attributed to it.     

 

Finally, through the use of the self-voice, people should become more familiar with 

that voice. Holmes, To, & Johnsrude (2021) have recently shown that only 10 minutes 

of familiarisation to a new voice is sufficient for people to recognise that voice and for 

its intelligibility to be increased relative to a new unfamiliar voice. Additionally, earlier 

studies presented within this thesis (Chapter 4) have shown that the true self-voice 

receives greater perceptual prioritisation relative to a newly self-associated voice. This 

result may be because the true self-voice is more familiar relative to a new self-owned 

voice. Taken together, it is reasonable to expect that as familiarity with a new self-
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voice increases and as the voice is experienced as a self-produced outcome, the 

degree of prioritisation for it may also increase.  

 

6.1.3 Effects of self-production on sense of agency 

The current study also aimed to investigate whether people experience a greater 

sense of agency over the new self-voice after social use. Typically, temporal binding 

studies investigate agency over self-generated actions relative to either involuntary 

actions or no action. Thus, it may be considered that all such binding studies examine 

agency over self-produced outcomes. In the temporal binding studies presented 

earlier within this thesis, I assessed the sense of agency over a self-voice outcome 

relative to an other-voice outcome that was generated within the task. In these 

experiments the self-voice was differentiated from the other-voice by the participants’ 

ownership of it, but both voices were self-generated in the paradigm. In the current 

study, however, participants had the opportunity to produce the self-voice in a social 

setting and gain prior experience of hearing it as an outcome of their actions. 

Moreover, their agency over the new self-voice was manifested as keypresses to 

produce typed messages as speech and, similarly, it is also through keypresses that 

the voice outcomes are generated in the interval estimation task. Thus, the relevance 

of the new self-voice voice to the self may be further increased subsequent to prior 

social use, particularly given the common method of production. Here then, the self-

voice and the other-voice are further differentiated: the self-voice is not only a stimulus 

that is owned by participants, but it is one they have self-produced. Intuitively, giving 

people control, flexibility and, indeed, agency, over using a new voice to represent 

themselves should imbue a greater sense of agency over that voice relative to people 

who simply own the voice but cannot use it. The current study tested this hypothesis.  

 

Here then, I assess participants’ perceptual prioritisation of a self-voice and their sense 

of agency over it after it has been self-produced in a socially interactive context in 

comparison to participants who have not self-produced the voice.  
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6.2 Experiment 10 

6.2.1 Hypotheses 

I hypothesised that participants would show increased bias towards the self-voice after 

self-producing it in a social context (experimental group), relative to participants who 

had not experienced social use of the voice (control group). I predicted that this result 

would be indicated by quicker reaction times and higher accuracy in response to the 

self-voice by the experimental group relative to a control group.  

 

Second, I hypothesised that participants would have a greater sense of agency over 

the self-voice after producing it in a social context relative to participants who had not 

experienced social use of the voice. I predicted that this result would be indicated by 

significantly shorter interval estimates for action-outcomes involving the self-voice 

relative to the other-voice by the experimental group relative to a control group and in 

active trials only (i.e., under conditions of agency).  

 

6.2.2 Participants 

88 participants completed the study. 44 of these participants were randomly assigned 

to an experimental group (mean age = 27.1 years, SD = 6.54 years, age range = 18–

40, 22 female, 22 male) while the other 44 constituted a control group (mean age = 

25.4 years, SD = 6.27 years, age range = 18–39, 22 female, 22 male). This data set 

arose following the exclusion and replacement of 9 participants based on exclusion 

criteria outlined below.  

 

All participants were recruited online via Prolific (www.prolific.ac) as native speakers 

of English with no hearing difficulties or visual impairment and were tested online using 

Gorilla (gorilla.sc, Anwyl-Irvine et al., 2019). Participants were also required to use 

Google Chrome as their internet browser, to pass a headphone check (Milne et al. 

2019) and have an approval rate of over 90% on Prolific.  

None of the participants had taken part in any of the pilot studies or previous studies 

within this thesis and, upon completion of the study, were paid for their participation. 

Ethical approval was obtained from the Departmental Ethics Committee in Speech, 
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Hearing and Phonetic Sciences at UCL (SHaPS-2019-CM-030), and informed consent 

was obtained from all participants prior to testing.  

6.2.3 Methods 

6.2.3.1 Procedure 

Task 1: Choosing a voice 

All participants were invited to choose 1 of 11 synthesised voices provided by 

CereProc (www.cereproc.com) to be their new voice and to represent them in the rest 

of the study. Synthesised voices were used because it was essential that participants 

were given extensive control and flexibility in what they chose to say with their new 

self-voice. This could be achieved most readily with state of the art, text-to-speech 

synthesis.   

 

First participants were passively exposed to each of the 11 voices in a random order 

(each saying: “The house had nine rooms”). This was to ensure participants gave due 

consideration to each available voice. Second, participants were invited to replay the 

voices at their leisure (each voice here said: “They’re buying some bread”). Available 

voices included a range of accents (broadly: English, Scottish, American (US)) and 

both female-sounding voices and male-sounding voices. After selection, all of the 

remaining voices that had been rejected as a self-voice were discarded and did not 

feature in the later tasks for that participant. 

 

All participants were then asked briefly about their voice selection. Specifically, they 

were asked whether they had chosen a new self-voice that aligned with their gender-

identity and/or their accent.  

 

Task 2: “Drawing Conclusions” Game 

Of the 88 participants that were recruited to the study, 50% of them were randomly 

assigned to the experimental condition. Experimental participants only (n=44) were 

given the opportunity to use their newly chosen self-voice in a socially interactive 

game.  

 



6. Using a new self-voice in a social context 
_________________________________________________________________________________ 

 
170 

The game took the form of a drawing game, introduced to the participants as being 

called “Drawing Conclusions” (see https://github.com/wallscope-research/drawing-

woz for more information). The game was specifically created so that pairs of 

participants could interact with one another on a custom designed platform. The game 

was created in collaboration with researchers in Heriot-Watt University's Interaction 

Lab and was written by Angus Addlesee in JavaScript, making use of node.js (see 

https://github.com/wallscope-research/drawing-woz for more information). This 

enabled a web application to be built which could allow real-time interaction between 

participants and, particularly, interaction using new self-owned synthesised voices. 

Players were able to choose and use synthesised voices from CereProc and share a 

‘drawing canvas’ (see Figure 26, though see also 27-29 below) through Google 

Chrome. 

 

Within the game, participants were assigned roles, one starting as a narrator, the other 

as an artist. Both participants were supplied with a separate, and different, picture 

deck containing 20 images (Figure 25) based on a pre-existing game “Up a Bit” 

(Cheatwell Games, 2004) 

 

Figure 25. Example images from the picture deck supplied to each participant 
in the game “Drawing Conclusions”. 

https://sites.google.com/site/hwinteractionlab/
https://sites.google.com/site/hwinteractionlab/
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The narrator chose an object to draw from their picture deck and had to instruct the 

other participant to draw this object without telling them the name of the object. These 

instructions were communicated via text-to-speech technology. Specifically, the 

narrator typed in an instruction, pressed submit, and then the instruction was said 

aloud in the participant’s chosen voice (e.g., Please start by drawing a square in the 

middle of the screen; Figure 26).  

 

Importantly, each participant heard the playback of their self-voice as it was 

simultaneously transmitted to the other player – the artist – to hear.  The artist could 

then draw the object incrementally as per the narrator’s instructions on the platform 

itself, with visual feedback of the drawing available in real time to both participants. 

The narrator was able to say anything they wanted to the artist, providing further 

instruction as needed to complete the drawing. The artist’s responses were limited by 

comparison. The artist was only able to communicate four pre-set phrases: 1) “Okay, 

what is next?; 2) “Could you please repeat that?” 3) “Can you clarify?” and 4) “My 

guess is X” (where they were allowed to freely type a word or phrase to complete the 

statement, Figure 27). The artist communicated each of these by clicking on-screen 

on the pre-set phrase. Similar to the narrator’s instructions, the artist’s response was 

Figure 26. The participants’ display when acting as the ‘Narrator’ within 
the game, “Drawing conclusions”.  
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said aloud in the voice they had chosen for themselves and was heard by both the 

artist and the narrator.   

Figure 27. The participants’ display when acting as the ‘Artist’ within the 
game, “Drawing conclusions”.   

Figure 28. The participants’ display when acting as the ‘Artist’ within the 
game, “Drawing conclusions”. Here the artist has correctly guessed the 
image (e.g., House).  



6. Using a new self-voice in a social context 
_________________________________________________________________________________ 

 
173 

Limiting the artist’s ability to communicate was done for two reasons: First, to minimise 

overlap between the two participants’ voices during gameplay. Second, to better 

control for exposure to each of the participants’ voices. For instance, when participant 

1 was the narrator, both participants would have considerably greater exposure to that 

voice. However, after the artist had successfully guessed what the object was that 

they had been guided to draw (Figure 28), the two players switched roles. Thus, over 

the course of six rounds (each lasting ~ 5mins), each participant had acted as both 

the artist and the narrator three times. The game lasted for ~30 minutes for each 

participant. 

 

Importantly, although each participant was told they would be paired with another 

participant, they were in fact paired with a researcher. This was done to ensure 

consistency in each participant’s experience of the game. The researcher always 

began as the narrator in order to demonstrate how an object might be described (i.e. 

with an appropriate level of detail and with incremental instructions). Further, the 

researcher always described the same three pictures for the participant to draw, to 

ensure consistency in task difficulty and, where possible, to ensure that participants 

had a similar amount of exposure – and of similar content - to the researcher’s voice. 

Given that the task was designed to provide an experience of the use of a self-voice 

in a social interaction, it was important that each participant felt it was a real human-

human interaction rather than human-computer interaction. Thus, although the 

researcher’s communications were largely pre-scripted, they were flexibly adapted ad-

hoc to respond appropriately in each interaction. Within this task therefore, ecological 

validity was prioritised over controlling for exposure to each voice. However, the 

amount of exposure to each voice was recorded for subsequent analysis (see 

Exploratory Analysis). Each experimental participant therefore experienced having 

flexible use and extensive control over self-producing – and hearing – their newly 

chosen self-voice within the task. Further, each participant had experience of their 

fellow player’s (the researcher’s) chosen voice, which here constitutes a ‘friend’ voice.  
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Finally, I included within the task a third voice, referred to as the moderator (Figure 

29). It was through this moderator’s voice that participants were given task 

instructions, told to switch roles at the end of each round, and guided to return at the 

end of the game to the test platform. This moderator voice was scripted but controlled 

live by a researcher. Communications from this voice were kept closer to the script as 

a more neutral third voice which could reasonably constitute a ‘stranger’ voice. Thus, 

within the task, participants experienced three social identities and their voices – the 

self, a friend, and an other – mirroring the three identities typically used within the 

perceptual matching paradigm reported in earlier studies within this thesis. Indeed, the 

perceptual matching paradigm was used here measure to self-bias and prioritisation 

over the self-voice, relative to the friend-voice (i.e., the fellow player) and an other-

voice (i.e. the moderator) post game.  

 

The voices assigned to the fellow player and to the moderator were counterbalanced 

across all participants. Both voices had an English accent, but one was female-

Figure 29. The Moderator’s display within the game, “Drawing 
conclusions.”  
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sounding and the other male-sounding. After 6 complete rounds of the game, the 

game was ended and participants were directed back to the test platform, Gorilla.sc. 

 

Task 3: Post-game questionnaire 

After the drawing game, all experimental participants were asked about their 

experience of their self-voice, the friend-voice, and the other-voice. Specifically, 

participants were asked to:  

 

1) To report whether they liked their self-voice i) more, ii) less, or iii) or the same 

after having used it; 

2) How well they felt the self-voice had represented them on a scale of 1-7, 

where 1 = not well at all and 7= very well; 

3) The degree to which they felt the other player was a friend on a scale of 1-7, 

where 1= not at friendly all and 7= very friendly; 

4) The degree to which they felt the moderator was a friend on a scale of 1-7, 

where 1= not at friendly all and 7= very friendly. 

 

Question 1 allows for the subsequent analysis of how personal preference may 

influence self-bias over a voice. Question 2 can provide insight on how self-bias is 

influenced by how accurately the new self-voice can represent the self. Questions 3 

and 4 assess how the interaction itself may have influenced the social distance 

between self, friend and other. It is possible that participants experienced the fellow 

player as very friendly, which may reduce the social distance between self and friend 

and, in turn, reduce the difference in bias for each of the voices associated with those 

identities. These measures are analysed in Exploratory Analyses below (section 

6.5.2). 

 

Task 4: Perceptual Matching Task 

All participants, both experimental and control, then completed a perceptual matching 

task to assess the bias accrued for each of the three voices by virtue of the identity 

they belong to. As in previous iterations of the task, all participants first completed a 

familiarisation phase. In this phase (<1 minute), participants were passively exposed 

to the three voices with an on-screen label showing the identity the voice was 
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associated with (i.e., ‘YOU’, ‘FRIEND’, or ‘STRANGER’). The experimental 

participants were told that they would be reintroduced to the three voices they had 

already heard within the game; that here the voice of the other player was called a 

‘friend’ voice and the voice of the moderator was called an ‘other’ voice.  

 

The test phase then started with 12 practice trials. Thereafter, participants performed 

three blocks of 72 trials (216 trials in total) (for full procedural details, refer to Chapter 

2, section 2.2.3.2). From this task, I measured reaction times and accuracy in 

recognising the voices associated with self, friend, and other when they were 

presented with the correct identity label (match trials) and with the incorrect identity 

label (mismatched labels). 

 

Task 5: Interval Estimation Task 

The final task was an interval estimation task, used to obtain an implicit measure of 

the sense of agency participants experienced over their self-voice relative to an other-

voice. Within this task participants heard only two voices as possible outcomes: the 

self-voice and the other-voice. This was done to replicate previous versions of the task 

used in this thesis (see Chapter 3, section 3.2.1 for full details) and therefore did not 

include the friend-voice as a possible outcome. From this task, I measured 

participants’ estimations of the interval between a key-press or a cue-tone and an 

outcome, which was either the self-voice or the other-voice. As before, sense of 

agency is derived by the perceived compression of time between an action and its 

outcome relative to a passively heard tone and its outcome, as measured by interval 

estimates. Thereafter, differences in sense of agency over either the self-voice or the 

other-voice are derived by differences in estimates according to these two outcomes. 

 

Overall, the five tasks comprising this study took participants 1 hour and 20 minutes, 

to complete, on average, with ~30 minutes of that time spent on the Drawing Game 

(Task 2) per participant.  
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6.2.3.2 Pre-processing 

Perceptual Matching Task 

To examine self-bias over a new self-voice I analysed three measures: reaction times, 

sensitivity, and accuracy.  

 

All erroneous responses, as well as responses shorter than 200ms or longer than 

1500ms were removed from the analysis in line with Sui et al.’s (2012) approach. This 

accounted for only 1.4% of trials. Whole data sets for four participants showing overall 

performance accuracy at chance (≤50% + 95% CI) were excluded and replaced as 

this indicated random responses and/or an inability to distinguish between the voice 

identities. 

  

Interval Estimation Task 

To measure the sense of agency, I assessed the interval estimations in both active 

and, separately, passive trials. To inform our exclusion criteria, I calculated a mean 

interval estimation per participant in each condition, e.g., Active trials with a 100ms 

interval were presented 10 times for each outcome (self-voice, other-voice) per 

participant and a mean estimate was calculated across these 10 trials. This mean 

estimation was used only to eliminate all estimates more than 2 standard deviations 

above or below each participant’s mean (per condition) in line with previous studies 

(Engbert et al., 2008). 1.8% of trials were eliminated on these criteria.  

 

Further, whole datasets of participants whose mean estimates did not increase 

monotonically with the presented interval duration (100ms, 400ms, 700ms) were also 

excluded and replaced as this demonstrated particularly difficulty with the task and/or 

a lack of engagement (Suzuki et al., 2019; Caspar et al., 2016). A further 5 participants 

were excluded on this criterion. Their data was replaced until a total of 88 (44 control, 

44 experimental) participants had successfully completed the study.  

 

6.2.3.3 Analysis 

Perceptual Matching Task 

The design consisted of one within-subject factor: ‘voice identity’ (self vs friend vs 

other) and one between-subjects factor: ‘condition’ (experimental: self-produced voice 
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vs control: self-owned voice). Matched trials and mismatched trials were analysed 

separately.  

 

Both reaction time data and sensitivity were assessed with linear mixed models (LMM) 

using lme4 (Bates et al., 2014) in the R environment (R Core Team, 2013). In both 

analyses, a model was run that included an interaction between voice identity and 

condition and a random intercept of participant, in match trials and, separately, 

mismatch trials.   

 

E.g. lmer(reaction time ∼ condition * voice  + 1 | participant, REML = ‘FALSE’) 

 

To assess accuracy in the perceptual matching task, I ran a binomial generalized 

linear mixed model (GLMM) that, again, included an interaction between condition and 

voice identity and a random intercept of ‘participant’, in match trials and, separately, 

mismatch trials. 

 

E.g. glmer(accuracy ~ condition * voice  + 1 | participant, family = "binomial”) 

 

Interval Estimation Task 

Sense of agency was measured implicitly according to interval estimates within the 

temporal binding paradigm. The design consisted of three within-subject factors: ‘voice 

identity’ (self vs other), ‘agency’ (active vs passive), and ‘interval’ (100ms vs 400ms 

vs 700ms) and one between-subjects factor: ‘condition’ (experimental: self-produced 

voice vs control: self-owned voice).   

Interval estimations were also assessed with linear mixed models. Specifically, I ran a 

model that included an interaction between condition, agency and voice identity, all 

possible two-way interactions and fixed effects of condition, agency and voice identity. 

Lastly, interval and participant were modelled as random effects.  

 

E.g. lmer(interval estimation ~ condition * agency * voice identity  + 1 | Interval +  

1 | participant), REML = FALSE). 
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Statistical significance of the effects was established via likelihood ratio tests by 

dropping effects of interest from the full model which including the other fixed effects. 

For example, to establish whether an interaction was significant, the interaction was 

dropped from a model including the other possible interactions and the fixed effects. 

For all analyses reported here, post-hoc comparisons were conducted in emmeans 

(Lenth, 2016) and were adjusted for multiple comparisons via Bonferroni correction.  

For LMMs, the models’ estimates and associated confidence intervals for each effect 

are reported. The further away from 0 the estimates are, the bigger the effect. If the 

confidence intervals do not cross 0, the relevant effect is significant.  

 

6.2.4 Results 

6.2.4.1 Perceptual Matching Task 

Descriptive statistics for reaction times, accuracy, and sensitivity scores (d’) for 

experimental and control participants according to voice are given in Table 11. 

 

 

Reaction Times 

First, I assessed the reaction time data from the matched trials, plotted in Figure 30. 

Table 11. Mean RTs, accuracy, and sensitivity (d’) in Experiment 10 (match trials). 

Condition Voice Identity Mean RT (ms) Accuracy d' * 

Self-produced voice Self 524 (93) 0.96 (0.07) 2.91 (0.50) 

 Friend 591 (116) 0.96 (0.07) 2.90 (0.54) 

 Other 619 (121) 0.92 (0.09) 2.68 (0.63) 

Self-owned voice Self 546 (107) 0.96 (0.04) 2.92 (0.49) 

 Friend 616 (116) 0.93 (0.10) 2.77 (0.74) 

  Other 645 (133) 0.91 (0.09) 2.74 (0.60) 

Note. RT = reaction time; Accuracy - proportion correct. Standard deviations appear  

within parenthesis.  *Performance scores from match and mismatch trials are combined 

to provide d’ scores. 
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The interaction between condition (experimental, control) and voice identity (self, 

friend, other) was non-significant (χ2(2) = 0.194, p= .907), suggesting that there was 

no detectable effect of having self-produced the voice on how much bias is afforded 

to it. There was, however, a significant main effect of voice identity (χ2(2) = 384.98, 

p<.001) and post-hoc comparisons showed a significant self-prioritisation effect. Here, 

the voice chosen for the self was perceptually prioritised relative to either the friend-

voice (p<.001) or the other-voice (p<.001) in both groups. Further, the friend-voice was 

perceptually prioritised relative to the other-voice (p<.001). The main effect of 

condition, however, was non-significant (χ2(1) = 1.236, p= .266), indicating that overall 

reaction times did not differ significantly between experimental and control 

Figure 30. Experiment 10: Mean reaction times (RT) as a function of the voice 
identity (self, friend, or other) and condition (self-produced voice vs. self-
owned voice). Graph models match trials only. The error bars indicate the SEs 
of the means. Coloured segments show smooth density curves for the full 
data distribution, while individual dots indicate mean RTs per participant. The 
top bar shows the interaction, horizontal bars show post-hoc comparisons. 
Asterisks denote significance within RTs as determined by likelihood ratio 
tests. *** p<.001 
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participants, according to whether they had self-produced their new voice, or not. Full 

model outputs are reproduced in Supplemental Table 20. 

 

Overall, this shows that participants did attribute self-bias to a new self-voice such that 

it was prioritised in perception. Critically, though, the degree of bias afforded to the 

voice was not increased by having self-produced the voice in a social setting.  

 

In the mismatched trials, however, the interaction between condition (experimental, 

control) and voice identity (self, friend, other) was significant (χ2(2) = 6.44, p= .039), 

see Figure 30). Post-hoc comparisons showed that this was because there was a main 

effect of voice identity  in the control group but not the experimental group. Specifically, 

control participants showed a significant self-prioritisation effect such that the self-

voice was judged more quickly than either the friend-voice (p=.002) or the other-voice 

(p=.004). This was not the case for the experimental participants, for whom reaction 

Figure 31. Experiment 10: Mean reaction times (RT) as a function of the voice 
identity (self, friend, or other) and condition (self-produced voice vs. self-owned 
voice). Graph models mismatch trials only. The error bars indicate the SEs of 
the means. Coloured segments show smooth density curves for the full data 
distribution, while individual dots indicate mean RTs per participant. The top 
bar shows the interaction, horizontal bars show post-hoc comparisons. 
Asterisks denote significance within RTs as determined by likelihood ratio tests. 
*** p<.001 
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times did not differ between identities in the mismatch trials. This result is perhaps 

because experimental participants were more familiar with each of the three voices 

and better able to recognise each of them. The greater familiarity with all three 

identities may have increased the task difficulty in the mismatched trials and reduced 

the bias for the self-voice relative to the others.  

 

Sensitivity 

Full model outputs are reproduced in Supplemental Table 21. The interaction between 

condition and voice identity was non-significant (χ2(2)=1.88, p=.389) This shows that 

self-producing the voice in a social context did not influence perceptual sensitivity to 

that voice in relation to the friend and other voices. However, there was a significant 

main effect of voice identity (χ2(2)=8.85, p=.012); perceptual sensitivity was increased 

for the self-voice relative to the other-voice (p=.009) in both groups but did not differ 

significantly from the friend-voice (p=.653). Sensitivity also did not differ between the 

friend-voice and the other-voice (p=.248). Finally, the main effect of condition was non-

significant (χ2(1)=.051, p=.821). Overall, this shows that perceptual sensitivity was 

increased for the self-voice but this sensitivity was not influenced by self-producing 

the voice in a social setting.  

 

Accuracy 

Last, I ran a GLMM on trialwise accuracy, and full model outputs are reproduced in 

Supplemental Table 22. The interaction between condition and voice identity was non-

significant (χ2(2)= 5.07, p=.079). This showed that the effect of voice identity on 

perceptual accuracy did not significantly differ for experimental and control 

participants. Thus, greater familiarisation to the voices within the context of the 

Drawing Conclusions Game did not affect people’s accuracy to the three voices 

overall. However, there was a significant main effect of voice identity such that, across 

groups, participants were more accurate at judging the self-voice relative to the friend-

voice (p=.009) or the other-voice (p<.001) and more accurate at judging the friend-

voice relative to the other-voice (p<.001). However, the main effect of condition was 

non-significant (χ2(2)= .059, p=.44) showing that participants’ bias toward the voices 

was not modulated by using the self-voice, nor by social exposure to the identities 

behind the friend-voice and the other-voice. Overall, there was a self-prioritisation 
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effect in which accuracy for the self-voice is significantly greater, but that accuracy 

was not increased by self-producing the voice in a social setting.  

 

In the mismatch trials, the interaction between condition and voice identity was non-

significant (χ2(2)=1.322, p=.516), nor was the main effect of voice identity 

(χ2(2)=4.173, p=.124 and the main effect of condition (χ2(1)= .201, p=.653).  

 

6.2.4.2 Interval Estimation Task 

Sense of agency was then assessed by analysing the interval estimates measured in 

the temporal binding task. Mean interval estimations across all conditions are given in 

Table 12 and plotted in Figure 32a and 32b). 

 

 

The interaction between condition, voice identity, and agency was non-significant. 

Similarly, the two-way interaction between condition and voice identity was non-

significant, which showed that the difference in estimates for intervals ending in the 

self-voice or the other-voice was not affected by whether participants has previously 

used the self-voice to represent themselves. Further, the interaction between agency 

and voice identity was also non-significant. This showed that the difference between 

interval estimates for the self-voice and the other-voice did not differ according to 

whether the interval occurred in an active trial or a passive trial. Similarly, the 

interaction between agency and condition was also non-significant, which indicates 

that participants who had agency in using their self-voice within the game 

demonstrated no greater sense of agency within the temporal binding task.  

 

However, across all participants, the main effect of agency was significant (χ2(1) = 

922.05, p<.001), showing that intervals were perceived to be shorter in the active trials 

Table 12. Mean interval estimates (ms) across conditions in Experiment 10. 

 ACTIVE TRIALS PASSIVE TRIALS 
 EXPERIMENTAL CONTROL  EXPERIMENTAL CONTROL 

INTERVAL Self Other Self Other Self Other Self Other 

100ms 169 202 140 146 246 264 236 252 

400ms 327 341 318 333 416 443 424 437 
700ms 485 516 512 558 613 627 643 671 
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compared to the passive trials. It is this difference between active and passive trials 

that is typically indicative of a temporal binding effect and this measure is used to 

derive peoples’ sense of agency over outcomes that are self-generated relative to 

passive trials. Finally, then, there was a significant effect of voice identity (χ2(1) = 

42.61, p<.001), with post-hoc comparisons showing that participants – in both 

experimental and control conditions, across both active and passive trials – estimated 

intervals that terminated in the self-voice to be significantly shorter in duration that 

those terminating in the other-voice (p<.001).  While this clearly shows that interval 

estimates were sensitive to whether an outcome was self-owned or other-owned, this 

status of ownership affected both active and passive trials as in Experiments 4, 5, and 

7. If it is the participants’ sense of agency with which self-ownership interacts, this 

effect should be present only in the active trials. However, self-ownership also affected 

the passive trials here, which suggests that it may be influencing interval estimates by 

affecting temporal perception more broadly and not necessarily people’s sense of 

agency. 

 

Overall, the results suggest that the experience of producing a new self-voice did not 

influence participants’ sense of agency over that voice within this task. This tallies with 

the results from the perceptual matching task. Taken together, the planned analyses 

in this study suggest that the use of a new self-voice – both as a means of self-

representation and of communication – did not influence the amount of self-bias 

afforded to it, nor the sense of agency over it.  
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6.2.5 Exploratory Analyses 

Considering the current result, it was important to further explore how individual 

participants’ experience of using the self-voice may have influenced their self-bias and 

agency. Given the emphasis on ecological validity and, hence, the complex social 

task, there may be underlying individual differences at a group level that obscured the 

presence of the effects of social use of the voice in some participants.  As outlined 

earlier (see section 6.2.3.1: Procedure), participants were asked whether they liked 

their new self-voice more, the same, or less after using it to represent themselves 

within the task, and also whether their chosen voice matched their accent. Further, 

participants were asked to report on a Likert scale (1-7, whereby 1 denoted ‘Not at all’ 

and 7 denoted ‘Very’) how representative they felt their chosen voice had been. 

Finally, on the same scale, participants were asked how friendly they perceived the 

Figure 32a. Experiment 10: Mean interval estimates (ms) according to the outcome 
(self-voice or other-voice), and the condition (self-produced vs. self-owned). 
Intervals are plotted according to the true interval duration (100ms, 400ms, and 
700ms) and for active trials only. The error bars indicate the SEs of the means. 
Figure 32b. Experiment 10: Mean interval estimates (ms) according to the outcome 
(self-voice or other-voice), and the condition (self-produced vs. self-owned). 
Estimates are collapsed across interval duration. Inference bands indicate CIs. 
Coloured segments show smooth density curves for the full data distribution, while 
individual dots indicate mean estimates per participant. Top bars show interactions, 
horizontal bars show post-hoc comparisons with asterisks denoting significance 
within estimates as determined by likelihood ratio tests. *** p<.001 
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other player and the moderator to be. Responses to the questionnaire by experimental 

participants (i.e., those who used their self-voice within the game) are reported below 

in Tables 13a, b, and c.  

 

 

 

 

Likert Score 1  2 3 4 5 6 7 

How well the voice 
represented the ‘self’         2 3 3 5 13 6 12 

Perceived friendliness of 
the other player         0 0 0 1 1 14 28 

Perceived friendliness of 
the moderator 

        0 6 3 14 9 4 8 

 

It is important to note that some of the sub-grouped samples arising from this 

questionnaire were small and imbalanced. Thus, in some instances it was not feasible 

to use the questionnaire data for further analyses. The vast majority of participants 

rated their fellow player as very friendly (i.e., a Likert score of 6 or 7 out of 7) and only 

two participants rated them to be less friendly. This meant that further testing of the 

role of perceived friendliness of the “friend” was not viable. This measure could have 

provided insight into how another may be attributed more or less bias according to 

their perceived social distance from self, which may have been reduced by the other 

being friendlier and co-operative with the self. Thus, future work will require larger 

Table 13a.   Questionnaire responses: Participant responses according to their 
attitude towards the self-voice in Experiment 10. 

Like the self-voice:                            No. of participants 

Less 14 
Same 12 
More 18 

  

Table 13b.  Questionnaire responses: Participant responses according to whether 
their new self-voice matched their accent or not in Experiment 10. 

Matched No. of participants 

Yes 14 
No 30 

  

Table 13c. Questionnaire responses: Participant responses according to self-voice 
representativeness and perceived friendliness of players in Experiment 10. 
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sample sizes which may yield larger sub-groups according to perception of the ‘friend’ 

and ‘other’.   

 

However, I ran two further analyses. First, exploring whether the amount of exposure 

participants had to each of the three voices had an effect either on how participants 

attributed bias to them or experienced a sense of agency over them. Second, on 

whether participants attitude toward their self-voice i.e., whether they liked it more, 

less, or the same as before they had used it, affected how they prioritised it or 

experienced agency over it.  

 

6.2.5.1 Does the extent of experience using the self-voice influence self-prioritisation 

or agency? 

There was substantial variation in participants’ individual usage of the self-voice (see 

Figure 33) and therefore in their exposure to – and familiarity with – the self-voice 

relative to the other voices.  

 

I therefore wanted to assess a) whether participants who used their self-voice more 

may have attributed greater bias to it and; b) whether greater familiarity with the friend-

voice or other-voice (according to how much each voice was heard) subsequently 

affected bias towards each of them. The amount each voice was used was recorded 

by logging all of the typed text produced in the game. For each participant, the number 

of words recorded for the self-voice equates to the number of words they, themselves, 

typed and produced. The number of words recorded for the friend-voice and other-

voice relates to the number of words that participant heard aloud for each of those 

voices, and thus provides a measure of exposure and familiarity. Notably, exposure to 

the self-voice was relatively less on average than exposure to either the friend-voice 

or other-voice.  
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An average reaction time to the self-voice, friend-voice and other-voice was calculated 

per participant from the perceptual matching task. Further, a measure of exposure to 

each voice was calculated according to the number of words produced and/or heard 

aloud in that voice, per participant within the game. The relation between these two 

measures was initially assessed with three Spearman’s rank-based correlation tests. 

First, I assessed whether the amount of exposure to the self-voice was correlated with 

reaction times to that self-voice. The results showed that the measures were not 

significantly correlated (r(42)= .030, p = .845). This shows that participants’ reaction 

times to the self-voice – and therefore the bias they attributed to it – were not 

influenced by how extensively they produced the self-voice in a social setting.  

 

Second, I assessed whether the amount of exposure to the friend-voice was correlated 

with the reaction times to the friend-voice but, again, there was no significant 

correlation between the two measures (r(42)= -.014, p=.929). Finally, I assessed 

Figure 33. Experiment 10: Mean number of words heard per voice identity 
(self, friend, or other) within the game, “Drawing Conclusions”. Coloured 
segments show smooth density curves for the full data distribution, while 
individual dots indicate mean RTs per participant.  
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whether the amount of exposure to the other-voice was correlated with the reaction 

times to the other-voice. This was also non-significant (r(42)= -.039, p=.798). Overall, 

these tests show that the amount of exposure participants had to each of the three 

voices did not directly affect reaction times to those voices in the subsequent 

perceptual matching paradigm. This suggests that participants’ prioritisation of each 

voice was independent of how much exposure they had had to them.  

 

However, it is possible that the voices were differentially prioritised relative to each 

other, according to how much exposure was had to each voice.  To assess this, I first 

calculated the degree to which the self-voice was prioritised relative to the friend-voice. 

Following Sui & Humphreys (2017), this was done by taking the difference in RTs for 

the self-voice versus the friend-voice, dividing it by the sum of RTs across the two 

conditions, and finally multiplying the result by 100 to achieve a percentage score. 

This allowed a measure of bias for the self-voice relative to the friend-voice to be 

generated. A measure of exposure to the self-voice relative to the friend-voice was 

similarly calculated by taking the difference in the number of words for the self-voice 

relative to the friend-voice, dividing it by the sum of words across both voices and then 

multiplying the result by 100. These two measures were then assessed in a 

Spearman’s rank-based correlation test and the two measures were non-significantly 

correlated (r(42)= .039, p=.796). This suggests that the degree to which participants 

prioritised the self-voice over the friend-voice was not influenced by the different levels 

of exposure to the self-voice relative to the friend-voice within the game.  

 

Thereafter, this was process was repeated for the voice identities. Specifically, when 

the difference in exposure to the self-voice relative to the other-voice was analysed 

against the difference in bias for the self-voice relative to the other-voice, the 

spearman rank-based test was non-significant again (r(42)= .088, p=.567), as was the 

difference between the friend-voice and the other-voice (r(42)= .041, p=.789). This 

shows that the different amounts of exposure to each of the voices did not affect the 

way in which those voices were perceptually prioritised relative to one another.  

 

It is interesting then that each participant was actively involved in the study for ~1 hour 

and 20 minutes hours and, particularly, in the Drawing Conclusions game for ~30 
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minutes. Within this time, the average exposure to their chosen self-voice was only 

213 (sd = 78) words across an average of 31 (sd = 8.2) utterances. Given that the 

speech rate of text-to-speech voices is around 200 words per minute, this shows that 

participants actually had relatively little exposure to their voice. Holmes, To, & 

Johnsrude (2021) recently conducted a study into the threshold at which voices 

became familiar enough to confer an advantage to speech intelligibility and voice 

recognition. Within this study, 78 sentences roughly corresponded to 10 minutes of 

exposure to a new voice. This exposure was sufficient for a voice to become more 

intelligible than a novel voice when in the presence of a competing speaker. Moreover, 

after 60 minutes of exposure, this intelligibility benefit increased 10-15% which is on 

par with the benefit previously found for personally familiar voices belonging to family 

and close friends. Here then, although participants were engaged in the task for 30 

minutes, this was commensurate to only a couple of minutes of exposure to each 

voice, which is well below the minimum threshold in Holmes, To, & Johnsrude (2021). 

Thus, it is possible that the voices were not produced or heard enough for their 

familiarity to confer a benefit. This is supported by the fact that there was enhanced 

perceptual prioritisation for the highly familiar self-voice relative to a new self-owned 

voice in Chapter 4. That enhanced prioritisation is not evident here; there was a similar 

pattern of prioritisation for all three voices by experimental participants and controls, 

for whom they were novel. This suggests that the voices have not become familiar 

enough for familiarity to confer a benefit.  

 

Overall, this corroborates the result that self-producing the voice does not influence 

subsequent bias towards it. However, within this task, participants on average had 

greatest exposure to the other-voice and least exposure to the self-voice. Still, there 

was a significant self-prioritisation effect such that participants recognised the self-

voice more quickly and accurately than the other voices. This shows the robustness 

of this self-bias effect; that, by a voice becoming self-associated through ownership, it 

becomes self-relevant enough to be perceptually prioritised above voices that might 

be perceptually more familiar.  

 

It was also important to ask whether the extent to which the self-voice was produced 

by participants influenced their sense of agency over it. Within the task, participants 
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were able to have agency and control over using their new self-voice, which could be 

produced by typing in text and pressing submit. This action of pressing keys to 

generate the voice was then replicated in the temporal binding task; participants made 

a keypress and heard either the self-voice or the other-voice as an outcome of that 

action. Thus, the method of self-production was comparable across the two tasks. 

Intuitively then, greater experience of having agency in producing the self-voice via 

these means may have increased the sense of agency participants had over that voice 

thereafter. Given that there was substantial variation in the extent to which participants 

used their self-voice, I here analysed whether the extent of self-production was 

correlated to the later sense of agency over that voice.  

 

To analyse this, a measure of agency for each voice was calculated by taking the 

difference in estimates for trials in the active condition relative to the passive condition, 

for both the self-voice and the other-voice at each delay, per participant. First then, 

the measure of agency for the self-voice was submitted to a Spearman’s rank-based 

correlation alongside the number of words self-produced by each participant. The 

analysis showed that the two measures were non-significantly correlated (r(42)= 

.0003, p=.997). This suggests that the extent to which participants had prior 

experience of using the self-voice did not affect the sense of agency they experienced 

over the voice in the interval estimation task.   

 

The agency measure for the other-voice was submitted to a Spearman’s rank-based 

correlation alongside the number of words heard in the other’s voice and the two 

measures were weakly, negatively, correlated (r(42)=-.218, p=.015). The analysis 

showed that the more words participants were exposed to in the other-voice, the less 

agency they had over that voice. Interestingly, participants who were more exposed 

to the other-voice will have had greater interaction with that other-voice. The other-

voice was representative of a moderator and so it is probable that this greater 

interaction was underpinned by the moderator’s script needing to be adapted to 

respond to idiosyncratic issues within the task. This necessitated more human-like 

responses as opposed to the more neutral base script. Thus, in cases in which 

participants had relatively greater exposure to the other-voice, it is likely that they also 

experienced more human-like agency and responses from that voice. As a result, 
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people may have experienced less agency over the other’s voice as it became more 

associated with another agent (i.e., a human-like moderator) as opposed to a 

computer. Previous studies have shown that when in the presence of other agents, 

people’s sense of agency can be reduced (Beyer, Sidarus, Bonicalzi & Haggard, 2016; 

Ciardo, Beyer, De Tommaso & Wykowska, 2020). This is because the responsibility 

for the outcome can be attributed to that human agent and so the participants’ own 

sense of agency is reduced as is it diffused across agents.  

 

Overall, these analyses suggest that using the self-voice did not affect the degree to 

which participants prioritised it perceptually or felt a sense of agency over it. However, 

it is possible that familiarity with other voice identities may affect the extent to which 

they are perceived as being underpinned by an agent and may, therefore, diminish 

temporal binding over other-associated outcomes.  

 

6.2.5.2 Does (dis)liking the new voice influence bias or agency? 

Within the task, any shifts in attitude regarding the new voice were recorded after 

participants’ experience of using it. The modal response (41% of participants) was that 

participants liked the voice more as a result of having used it to interact socially. A 

further 27% of participants reported that there had been no change; they liked the 

voice as much having used it as when they first chose it. Lastly, just under a third of 

participants (32%) reported they liked the voice less after using it within the drawing 

game than they did when they had first chosen it. 

 

It is possible that people who liked their new self-voice were more biased towards it 

relative to people who did not like their self-voice as much. If they liked it less, it may 

have been rejected as a self-voice, which may also have reduced their bias towards 

it. I therefore assessed whether the self-prioritisation effect was modulated according 

to how much the self-voice was liked.  

 

To analyse this, participants were categorised into three groups based on their attitude 

towards the voice (liking: less, the same, more). A linear mixed model was then run 

on reaction times with attitude (less, the same, more) modelled as a predictor 

alongside voice identity (self, friend, other): 
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E.g. lmer(reaction time ∼ voice * attitude  + 1 | participant, REML = ‘FALSE’) 

 

 

The reaction time data are plotted in Figure 34. The interaction between voice identity 

and attitude was significant (χ2(4) = 21.16, p<.001). The interaction arose because 

only in the group of participants who liked their new self-voice more, did their reaction 

times differ between the friend-voice and the other-voice (p<.001). In this group, the 

friend-voice was prioritised similarly to the self-voice and so the perceptual distance 

between the friend and other was increased.  Thus, when participants liked their own 

self-voice more, they also showed a bias towards the friend’s voice. This result may 

be underpinned by the success of the social interaction between the self and the 

friend. If participants found their new self-voice enabled a particularly positive 

interaction with another participant, they may report liking their own voice more. 

Further, it is likely that the social distance between the two players will have been 

reduced; in being a co-operative partner, the friend voice may be deemed similar to 

Figure 34. Experiment 10: Mean reaction times (RT) as a function of the 
voice identity (self, friend, or other) and attitude towards the self-voice 
after using it to represent the self (like it: less, the same, more) Graph 
models match trials only. Coloured segments show smooth density 
curves for the full data distribution, while individual dots indicate mean RTs 
per participant.  
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self and a bias afforded them as a result. For participants who reported liking their own 

voice less after use, or only as much as when chosen, the friend is relatively 

deprioritised and processed similar to the other-voice (ps>.05). 

 

Interestingly, participants’ prioritisation for their own self-voice was unaffected their 

attitude towards the voice. The post-hoc comparisons showed that participants’ who 

liked their self-voice more did not prioritise it to any greater degree than participants 

who liked their voice less (p=.590) or liked it the same as before they had used it 

(p=.819). Similarly, participants who liked their voice less did not prioritise it to any 

different degree than participants who liked it the same as before using it (p=.057). 

This suggests that the bias for the self-voice is relatively automatic and may be more 

robust against influences that could lead to deprioritisation of ‘self’.  

 

Overall, this shows that people’s attitude towards their new self-voice did not influence 

the extent to which they attributed bias towards it and perceptually prioritised it. This 

suggests that liking the voice more did not increase how self-relevant it was perceived 

to be. There was, however, a relation between how much the self-voice was liked and 

how much the friend-voice was prioritised. While it seems unlikely that these are 

directly related, it is probable that they are both symptomatic of the experience of 

social interaction more widely. Individual differences in their experiences of the game 

may directly affect people’s perception of both the self, the other, and the relation 

between the two, which is evident within the behavioural measures here.   

 

It is also possible that there could be a relationship between participants’ sense of 

agency and how much they liked their new self-voice. I therefore analysed interval 

estimates from the temporal binding task with a linear mixed model as below: 

 

E.g. lmer(estimates ∼ agency * voice identity * attitude  + 1 | participant +  

1 | interval, REML = ‘FALSE’) 

 

Here, the three-way interaction between voice identity, agency, and attitude was non-

significant. Further, all two-way interactions including the factor of attitude, and the 

main effect of attitude were all non-significant. This shows that participants’ sense of 
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agency over all of the outcomes they generated, both the self-voice and the other-

voice, was not significantly modulated by the extent to which they liked their new-

voice. Unlike participant’s perceptual prioritisation then, their sense of agency was 

comparatively unaffected by their attitudes towards their new self-voice. The null effect 

makes sense; people can like someone else’s voice without feeling a sense of agency 

over it. However, this analysis also shows that attitudes towards the self-voice did not 

influence how readily it was accepted as an outcome to self-generated action.   

 

Overall, people’s individual attitudes towards their new self-voice affected how that 

voice was prioritised perceptually but not their sense of agency over it.  

6.3 Discussion 

Within the current study, I have demonstrated that the use of a new self-owned voice 

in a social interaction did not modulate the self-bias attributed to it, nor the sense of 

agency participants had over it. Given that it is through using the self-voice that people 

are able to represent themselves, build social relationships, and achieve 

communicative goals, this may be surprising. However, this finding does support the 

previous results presented in Payne et al. (2020) and furthers our understanding of 

how self-bias is attributed.   

 

6.3.1 Perceptual prioritisation of self-voices 

Most prominently, the results indicate that people are biased towards their self-voice 

because it is something they own, and not necessarily because it provides a relevant 

means of self-expression. Indeed, mere ownership over a voice was sufficient for self-

bias to be attributed to it and for it to become processed as a self-relevant stimulus. 

The degree of perceptual prioritisation afforded to the self-voice was similar for 

participants regardless of the fact that the voice had been self-produced, how familiar 

the voice became or how much it was liked.   

 

However, it is important to consider that the self-prioritisation effect has been 

modulated in previous studies. For instance, prioritisation for a self-associated 

stimulus was greater if it was associated with a “good” aspect of the self, relative to a 

“bad” aspect of the self (Hu, Lan, Macrae and Sui, 2020). Specifically, participants 
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were asked to associate a stimulus with the morally good parts of themselves and 

another stimulus with the immoral parts of themselves. At test, participants showed 

faster and more accurate reactions to the “good” self. Further, in a recent study by 

Wang, Qi, Li and Jia (2021), perceptual prioritisation was increased for a stimulus that 

was associated with both the self and with a monetary reward, relative to a stimulus 

that was only associated to the self or a reward. The authors suggest that the condition 

of “double salience” (i.e. self-relevant and reward-associated) drives stronger 

prioritisation.  

 

In both studies though, each participant was presented with the two associations as 

competing stimuli. Such studies examine the degree of self-bias attributed to different 

stimuli within participants and, indeed, find that some self-stimuli are more or less 

prioritised than other self-stimuli according to their features. In the current study, 

however, I examined the degree of self-bias attributed to a self-produced voice by 

experimental participants in comparison to the degree of self-bias attributed to a self-

owned voice by control participants. The results showed that participants in each 

group attributed a similar level of bias to their new self-voice, but they only ever 

experienced one new self-associated voice. If, however, the self-produced voice and 

a self-owned voice were contrasted directly within participants, it may be that one is 

prioritised more than the other. 

 

Indeed, this is evident in a study by Enock, Hewstone, Lockwood and Sui (2020) in 

which a self-prioritisation effect was evident for a self-associated stimulus and, 

separately, for a stimulus associated with a self-relevant team (i.e., a bias for an in-

group stimulus). However, when the two stimuli were competing, there was 

significantly reduced bias for the team-associated stimulus so that only the self-

stimulus was prioritised. While the current study demonstrated that people do not 

afford greater self-bias to a self-voice when it is self-produced, it is still possible that 

this voice would be relatively more prioritised than another self-voice that was only 

owned. This within-subject comparison could form the basis of future self-bias studies.  

 

The current study also provides insights into how our wider perceptual processing is 

affected by self-association. Previous studies have shown that self-produced 
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outcomes tend to be more highly valued and more positively regarded. This is because 

such outcomes can reflect an individualised and competent self. Here then, 

participants were provided with a new means of self-expression that could signal their 

competence through its use, but that does not necessarily mean it did. A third of 

participants reported liking their voice less after having self-produced it, which 

suggests that people did not automatically regard the voice more positively than other 

voices purely because it had been self-produced. Critically though, the self-voice was 

similarly prioritised by all participants regardless of how positively they regarded it.  

 

Finally, in self-producing the voice, it should have become more familiar. Experiment 

6 presented earlier within this thesis (Chapter 4) demonstrated that the true self-voice 

was prioritised relative to a voice that was only self-owned. This result was assumed 

to be because the true self-voice was more familiar and/or because it was self-

produced. For the experimental participants within the current study, the new self-

voice became a voice that was self-produced and, through its use, more familiar than 

it was for control participants who only owned it. Yet self-producing the voice and its 

increased familiarity did not increase how highly it was prioritised here; both 

experimental and control participants processed it similarly. This is at odds with the 

earlier experiment featuring the true self-voice. Given that participants had the least 

exposure to the new self-voice relative to the friend-voice or other-voice, it may that 

the level of exposure was not sufficient for familiarisation to that voice to imbue greater 

bias.  Indeed, the true self-voice is a highly, personally, familiar voice and it is possible 

that exposure to the new self-voice through its use was not equivalent.  

 

The fact that the greater bias was not afforded to a new self-voice because it could be 

self-produced may also be due to the way the voice was produced. All the participants 

who completed the study have a biological self-voice which they retain flexibly control 

and agency over. Therefore, controlling a new self-voice via text-to-speech technology 

may never be a comparable means of self-producing speech. If this study was run with 

users of AAC devices who required an alternative voice that they could control, then 

its self-production via a technological interface may lead to increased prioritisation 

relative to a voice that could not be produced.  
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6.3.2 Sense of agency over self-voices 

This study also extended the examination of sense of agency over a new self-voice. 

Despite participants having prior experience of agency and control over self-producing 

the voice, this agency was not reflected in the temporal binding results. Rather, the 

degree of temporal compression for intervals terminating in the self-voice (relative to 

the other-voice) was the same for those who had produced the self-voice as for those 

who had only owned it. Thus, prior experience of the self-voice as a reliable outcome 

of self-produced action did not increase this agency.  

 

Relatedly, it must be acknowledged again that the effect of voice identity – the 

difference in estimates for intervals terminating in the self-voice, relative to the other-

voice – was present in both active and passive trials and across experimental and 

control participants. This shows that the effect of voice identity may have modulated 

temporal judgements outside of conditions of agency. The fact that participants’ 

interval estimates were significantly reduced for the self-voice may therefore not be 

because self-ownership increases sense of agency per se, but rather because self-

relevance of a sensory stimulus interacts with perceptual processing more broadly. 

Further studies will be required to determine this.  

 

Overall, this study sheds lights on how we process a new self-voice, not only as a 

voice we have ownership over but as a voice we can use to represent the self. I 

showed that ownership over the voice is sufficient to bias perception towards it as a 

self-relevant stimulus. In future studies it will be interesting to increase the amount of 

use participants have over their voice and determine whether more prolonged 

production increases agency. Moreover, it will be important to examine bias and 

perceptual processing of a new voice by people whose current method of self-

production similarly relies on text-to-speech-technology. The relevance of a new voice 

and its importance to the self as a possible means of self-representation may have 

been limited in participants recruited within this experiment. Further studies may 

therefore examine whether the relevance of a new voice as an alternative means of 

self-expression is modulated not by the voice itself, but by the person who uses it.   
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7 General Discussion 

 

In this thesis I have explored the question of what it is that makes a voice ‘mine’ and 

provided the first behavioural investigation into the possibility of incorporating a new 

voice into the self-concept.  

 

I have examined the influence of giving people ownership of a new voice, personal 

choice in selecting it, and agency in using it, on the degree to which people will accept 

this unfamiliar voice as being ‘self’. I have assessed the extent to which a new voice 

has become accepted as ‘self’ according to three main lines of enquiry. First, by 

examining whether it is prioritised as a self-relevant stimulus in perception; second, by 

examining whether people experience a greater sense of agency over it, and; third, by 

assessing whether there is a memory advantage for information expressed in the new 

voice. 

 

Below I discuss the overarching conclusions that can be drawn from the ten 

behavioural studies that comprise this thesis, and their implications. Thereafter, I 

discuss the limitations of this work and suggest avenues of future research.  

7.1 The Role of Ownership 

Common to all the studies within this thesis is that participants gained ownership of a 

new self-voice. Previous studies have shown that the self can be extended through 

ownership, such that self-owned stimuli are processed preferentially as self-relevant. 

This effect of ownership is shown extensively here.  

 

In Experiment 1, I demonstrated that an unfamiliar voice, which is the inherent 

biological property of another, can be made relevant to the self through ownership. By 

accepting that a new voice temporarily, and indeed arbitrarily, belongs to the ‘self’, it 

is prioritised in perception as a signal that is more relevant than the voices of others. 

This suggests that what is ‘self’ has been extended to encompass this new voice, 

which would previously have been processed as signalling an ‘other’. This aligns with 

previous literature which suggests that the boundaries of self are extended by what 
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we own (Belk, 1988; Heersmink, 2020; Mittal, 2006). This has similarly been shown 

for faces; people who are told another’s face temporarily belongs to them then 

prioritise it as self-relevant (Payne et al., 2017). Yet, although both the self-face and 

self-voice are primary means of self-representation, the voice can only exist through 

self-generated action. Thus, Experiment 1 provides the first demonstration of the 

extent to which the self can be extended through ownership to incorporate new other-

related stimuli into the self. Indeed, through ownership, another’s voice can become 

‘mine’.  

 

This result is further supported by all the experiments within this thesis that tested 

prioritisation of a new self-voice. In every experiment, when an unfamiliar voice 

became self-owned, it was perceptually prioritised. There were consistently faster 

reaction times and greater accuracy for a new self-owned voice relative to the voices 

assigned to other social identities, as shown within a perceptual matching paradigm. 

This effect of ownership on making a voice self-relevant enough to be prioritised was 

robust; the new voice was prioritised as ‘self’ regardless of whether it matched 

participants’ gender-identity (Experiment 2); whether the voice was chosen or 

arbitrarily assigned (Experiment 3) and, moreover, regardless of how much people 

liked the voice or whether it could be used as a means of self-expression or not 

(Experiment 10).   

 

The fact that, through ownership, the new self-voice has been processed as self-

relevant is corroborated by Experiments 6 and 7. In these experiments, participants 

heard their true self-voice within the task either as belonging to the self (Experiment 

6) or as belonging to an ‘other’ (Experiment 7). When their true self-voice was 

assigned as being self-owned, it was prioritised over both the friend-voice and other-

voice. Importantly, it was prioritised over these other voice identities relatively more 

than the degree to which a new self-owned voice was prioritised over these other voice 

identities.  While this initially suggested that that the true self-voice may be deemed 

more self-relevant than a new self-voice, the bias for the true self-voice was diminished 

when ownership of it was transferred to an ‘other’. This demonstrated the role of 

ownership in guiding our perception of what is self or other, and therefore, in biasing 

our perception towards what is self-relevant or not.  
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Importantly, I demonstrated that a small bias was evident for a new self-owned voice 

(relative to a friend’s voice) even when that new voice was competing with participants’ 

true self-voice. Thus, even in the presence of what is truly self-relevant, a new voice 

can be attributed a level of self-bias and prioritised as self-relevant because it is self-

owned. 

 

The role of ownership did not, however, affect memory, as there was no evidence of 

a memory advantage for self-owned items relative to other-owned items. In 

Experiments 8 and 9, I asked whether people demonstrated better memory for items 

said aloud in a new self-owned voice relative to an other-owned voice. However, there 

was no evidence to support this hypothesis, which suggested that the bias that is 

evident in perception did not extend to memory. However, this null result may have 

been related to the task design. The finding that there is better memory for self-owned 

items has been replicated extensively in the previous literature and yet, here, the same 

effect was not found. The status of items as being either self-owned or other-owned 

was signalled by them being heard in the self-voice or the other’s voice. This 

assignment of ownership – of flagging what was, or was not, self-relevant – may have 

been  too implicit. Further, Turk, et al. (2013) posit that the encoding of self-relevant 

items requires increased attentional resources. Thus, it is likely that within the task 

design the self-relevance of potentially self-owned items was not salient enough 

and/or participant engagement with the task not sufficient for effective self-referential 

encoding of so many new stimuli.  

 

However, the effect of having ownership of a new voice did extend to influencing 

participants’ perception of time and sense of agency. Sense of agency is the feeling 

of authorship and/or belief that “I caused that”. Within this thesis, sense of agency was 

derived from a temporal binding effect as shown by interval estimation tasks. The 

results consistently revealed that people perceived the duration between an action 

and its outcome as being shorter if the outcome was the self-owned voice, relative to 

the voice of another. According to previous literature, this indicates that participants 

have a greater sense of agency over the self-voice.  
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On these results alone, it could be interpreted that ownership of a new voice is 

sufficient for people to experience a sense of agency over it. Indeed, an increased 

sense of agency was evident in instances in which ownership was afforded by being 

arbitrarily assigned, as well when voices were personally chosen. Further, when a 

participant’s true self-voice was also presented in-task but as an other-owned 

stimulus, still there was a relatively greater sense of agency over the new self-voice. 

In reality, the true self-voice is also self-owned, so the fact that there was greater 

agency over the new self-voice within the tasks shows that temporal binding is 

sensitive to the immediate context and to what is, in that instance, most self-relevant.   

 

However, a caveat to these results is that it is unclear whether the difference between 

interval estimates for durations preceding a self-voice outcome and an other-voice 

outcome are, truly, indicative of a difference in agency. Whether a voice was self-

owned or other-owned frequently affected participants’ temporal judgements similarly 

in active and passive trials across the experiments presented within this thesis. This 

body of work may be the first to show that factors which give rise to different degrees 

of binding in active trials – which might alone be interpreted as indicative of sense of 

agency – may also affect binding in a condition of non-agency. Indeed, previous 

temporal binding studies which do not use a passive condition and instead interpret 

differences within active trials only may need to elucidate whether these factors 

exclusively modulate temporal judgements under conditions of agency.  

 

This research additionally demonstrates that self-generated actions can still have 

different degrees of self-relevance and elicit a different degree of temporal binding. A 

self-owned voice resulting from self-generated action affected interval estimates 

differently from an other-owned voice resulting from self-generated action. Within 

previous temporal binding paradigms, outcomes of self-generated action (i.e., key-

press) are typically assumed to be self-relevant because they have been self-

produced. This thesis highlights the importance of clarifying how the self-relevance of 

those outcomes interacts with participants’ temporal perception. Indeed, it is possible 

that temporal perception, more generally, is biased by self-relevance and this needs 

further exploration. 
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Together though, these results suggest that the knowledge that the self is related to a 

stimulus through ownership of it – the knowledge that it is ‘mine’ – quickly and 

pervasively shapes our experience, and predominantly our perception of that stimulus. 

From these studies it is clear that the role of ownership is that it is a means through 

which new stimuli can be made self-relevant. According to Chiu, Ho, Tollenaar (2021), 

the self-concept comprises ‘internal representations that shape perceptions of how the 

self is related to one’s surroundings and to other people,’ (pg. 1). Thus, through 

ownership, people can flexibly shift how they are related to external things, such that 

owning an item is to be related to that item.  

7.2 The Role of Choice 

In Experiments 1 and 2 participants were randomly assigned ownership of a new self-

voice. As summarised above, through ownership alone, the new self-voice was 

perceived as self-relevant and prioritised perceptually. However, I extended this 

exploration in Experiment 3 to ask whether personally choosing the new self-voice 

would make it more self-relevant, and so increase the bias towards it. The results 

showed that perception was influenced by personal choice, such that the perceptual 

distance between the self-voice and friend-voice was larger in the group of participants 

who had personally chosen the self-voice. However, this result may not be wholly 

underpinned by the act of choosing the self-voice. The degree of prioritisation for the 

personally chosen self-voice was equivalent to the prioritisation for the assigned self-

voice. Rather, the increased perceptual distance may be driven by the friend-voice 

being perceived as less self-relevant – and processed similarly to the other-voice – 

because it had been rejected as a potential self-voice. Indeed, it was deprioritised by 

the participants who had rejected it as a self-voice, relative to the control group who 

had not been given the opportunity to do so.  In this instance, there was not a 

significant difference between bias for the friend-voice or the other-voice.  

 

Previous literature has shown that bias – at least in memory – is maximised for items 

that are both self-chosen and self-owned. However, the bias is diminished for items 

that are self-chosen but given away to another to own. Thus, it is not the act of 

choosing per se that makes a stimulus more self-relevant. Rather, the role of choice 

in biasing our cognition may be that it affords the opportunity to reject items for the self 
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and, in so doing, become more negatively biased towards the items that are not self-

owned. Here then, the relative deprioritisation of rejected voices may be driven by 

other-derogation. Experiment 10 was the only other experiment within this thesis in 

which participants were given a choice of self-voice and a full perceptual matching 

paradigm was used to assess prioritisation. In Experiment 10, the voices that 

participants rejected as a self-voice were not then assigned to any other identity. Thus, 

the relative differences that I report between the self-voice and other voice identities 

could only be driven by bias for self and were not confounded by derogation for the 

other identities. In removing rejected voices from the experiment, the results from 

Experiment 10 show that participants attributed a small bias to the friend-voice relative 

to the other-voice, which is typical for the perceptual matching paradigm. This result 

supports the hypothesis that it is only when stimuli that have been rejected as self-

stimuli are included as belonging to the other identities, that they become subject to 

other-derogation. Further studies will be needed to test the validity of this hypothesis 

and the effect of other-derogation on perceptual bias.  

 

It is possible then, that the role of choice in integrating a new voice into the self-concept 

and, perhaps, the importance of choice at all, is that it enables participants to decide 

what is and is not self. Self-bias is attributed to stimuli that are deemed ‘self’ and this 

bias is not any more enhanced by having chosen it to be ‘self’, compared to having 

been given it. However, in choosing what is not self – by rejecting certain voices – 

those voices become relatively less self-relevant and were deprioritised as a result.  

7.3 The Role of Agency 

This thesis also examined the role of agency in a voice becoming incorporated into 

the self-concept. Our own voice is a signal we can use intentionally and flexibly to 

represent the self and communicate with others. Indeed, we have extensive control 

and agency over how we use our voice; to whisper, to laugh, or to shout, for instance. 

It was critical then to assess whether agency over the use of a new self-voice may 

cause that signal to be perceived as more self-relevant. Specifically, I asked whether 

experience of using a new, synthesised, self-owned voice modulated the extent to 

which it was perceptually prioritised relative to other voices. Second, I investigated 
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whether having agency in using the voice would be reflected in the degree to which 

participants experienced a sense of agency over it.  

 

However, neither perceptual prioritisation nor measures of sense of agency were 

influenced by participants’ experience of using their new voice in a social context.  The 

self-voice was prioritised relative to the other voice identities regardless of whether or 

not participants had had agency in using the voice. Similarly, participants’ interval 

estimates – used as an implicit measure of agency – were significantly shorter for 

intervals terminating in the self-voice relative to the other-voice, but unaffected by prior 

experience of using the self-voice. Taken together, this shows that participants were 

sensitive to – and influenced by – what was self-relevant and what was not. However, 

communicative use of a self-voice did not, here at least, make a voice be deemed any 

more self-relevant.  

 

The lack of effect of self-producing the voice suggests that the role of agency in what 

becomes ‘self’ is less important than the role of ownership. Indeed, it was through 

participant’s ownership of one voice over another that the voices became differentially 

self-relevant. In turn, it was this difference in self-relevance that consistently affected 

the measures within the temporal binding and perceptual matching tasks. It is clear 

then, that having agency in producing a voice did not increase the degree to which 

participants felt they owned the voice; perceptual prioritisation did not increase even 

after having agency in using the voice. Conversely, owning the voice may affect 

participants’ sense of agency. Specifically, participants’ perception of time was 

compressed when they heard the self-voice outcome relative to an other-voice 

outcome and this effect was replicated across all experiments using the temporal 

binding task within this thesis. Still, future work must elucidate whether ownership 

affects sense of agency per se, or rather participants’ temporal judgements more 

broadly, which are widely used as a measure of agency.  

7.4 Implications 

This thesis has significantly contributed to our understanding of what it is that can 

make an external voice, ‘mine’; fundamentally, it is the fact that we possess a voice 

that causes it to be perceived as ‘self’.  
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Indeed, across the studies presented within this thesis, it has become apparent that 

an unfamiliar voice may become self-relevant through ownership. This is in spite of 

ownership being transient and arbitrary. The voice can become self-relevant in this 

way very quickly, after only brief exposure to the stimulus. Thereafter, that stimulus is 

perceived as self-relevant such that it is prioritised in perception and people accept 

greater causality over it. It is particularly evident within this thesis that this bias for a 

new self-voice is applied irrespective of the voice’s precise properties, as long as it is 

self-owned and, thus, self-relevant. The bias for whichever new voice was self-owned 

was replicated across all experiments, regardless of any of the experimental factors 

that were additionally manipulated. Thus, it may be that once a stimulus is explicitly 

tagged as self-relevant, it biases perception. This contributes to our understanding of 

the flexibility of the self-concept and the extent to which it can be extended to include 

an other-related signal. Moreover, what is ‘self’ can be quickly modulated via 

ownership and, thereafter, the increased self-relevance of the voice widely influences 

processing of that voice.  

 

It appears that the preferential processing afforded to a voice is not a function of how 

self-relevant it is, only that it is self-relevant. After a voice had become self-relevant 

through ownership, it was not possible to make that new self-voice any more self-

relevant, either through choice or agency or by the properties of the voice itself, such 

as how representative of the self it is. Thus, bias may be attributed in a binary way, 

such that self-relevance acts as a way to tag what categorically needs prioritising, 

relative to what is not self-relevant and should not be prioritised. This may be 

functionally beneficial, for example in perceptual processing in which we need to 

quickly differentiate what is – and is not – self-relevant. Thus, amongst a busy sensory 

environment, the attribution of bias as a function of self-relevance provides a means 

through which incoming stimuli can be distinguished as either needing a level of 

priority, or not. 

 

This body of work also has positive implications for AAC users.  The results suggest 

that makes a voice ‘mine’ is the basic possession of a voice. Thus, a new self-voice, 

of which a person attains ownership, should be prioritised perceptually as self-relevant 

and become a voice that they experience a greater sense of agency over relative to 
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other voices. Moreover, the current results also support the case for choosing one’s 

new auditory identity or, at least, having the opportunity to reject voices as the new 

self-voice, which may lead to greater prioritisation of the chosen self-voice.  

 

Although having agency over producing the self-voice through the collaborative 

drawing game did not modulate how it was processed in this thesis, this may be 

different in populations of people who currently use, or will need to use, a new voice 

via a technological interface. Within my studies, agency and control over the voice was 

afforded by typing text to be said aloud in a new voice, using text-to-speech 

technology. This means of speech production more closely mirrors the speech 

production that is enabled using Augmentative and Alternative Communication (AAC) 

devices. However, none of the participants recruited in these studies had vocal 

impairments and, as such, they would be more accustomed to experiencing agency 

over their self-voice by using their own vocal apparatus. It remains possible that the 

self-relevance of a new voice may be increased if it signifies a means through which 

participants can regain agency in self-producing speech. Future work could recruit 

different populations of people (i.e., those with MND and users of AAC devices) to 

assess how the opportunity to have agency over a new, synthetically-generated voice 

may differentially influence how that voice is experienced and perceived.  

7.5 Limitations  

Considering the participant population tested within the experiments of this thesis, 

there are several limitations to note. The first is that these studies examine the 

perception of a self-voice that was only heard in playback and never during live 

speech. Participants who can still use their own voice to communicate, such as those 

tested in the present research, will have prior experience of hearing their own voice in 

playback (e.g., a recorded interview, a voice memo), but this is not a frequent 

experience, and it can be qualitatively different to hear one’s voice only “in the air” 

rather than also “in the head” (via bone and tissue conduction). Future studies may 

look to incorporate the new self-voice into a speech production paradigm to test this.  

 

Similarly, studies thus far have not been able to examine sense of agency over the 

biological production of a new self-voice, presumably due to technological constraints. 
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However, in a previous study by Zheng, MacDonald, Munhall, & Johnsrude (2017), a 

stranger’s voice was presented as auditory feedback to a participant’s own speech 

production. When the stranger’s voice was temporally and phonetically congruent with 

the participants’ speech production, it was perceived as the self-voice. Similarly, 

Franken, Hartsuiker, Johansson, Hall,  & Lind, (2021) conducted a study in which they 

pitch-shifted participants’ voices in near-real time, using an altered feedback 

paradigm. The authors measured the participants’ sense of agency according to how 

far they adapted their own voice production to hearing the altered feedback; 

hypothesising that only outcomes that participants had accepted as having been self-

generated would drive an adaptive response. Within both studies, the authors 

concluded that recognition of what is ‘self’ is surprisingly flexibly and context 

dependent, and that another’s voice can quickly become perceived as self through 

such manipulations. However, within these studies, the acceptance of a different voice 

as ‘self’ relies on illusion rather than explicit integration of a new voice. Therefore, 

further work is needed to assess the extent to which people can accept externally-

generated sounds as being ‘self’ according to how these are produced (e.g. via altered 

feedback versus in playback). 

 

A second limitation of this research is the fact that the study of self-bias is subject to 

differences in each ‘self’. There are large individual differences in subjects across the 

studies. Mezulis, Abramson, Hyde, and Hankin (2004) have previously run a meta-

analysis of individual, developmental, and cultural differences in the attribution of self-

bias. Their review concluded that self-bias is robust and pervasive in the general 

population but is subject to variability according to age, culture, and psychopathy. The 

eligibility criteria I used for these studies typically demanded participants to be in the 

age group of 18-40, with UK nationality and English as their first language, and with 

no visual or hearing impairments. However, accounting for all the possible factors that 

may contribute to an individual’s attribution of self-bias was beyond the remit of this 

thesis and would require a fuller investigation of individual differences. Thus, this 

thesis does not focus on how the ‘self’ influences the attribution of bias, but rather how 

bias is attributed according to the characteristics of the to-be-associated voice. It will 

be important for future work to examine these in tandem and explore how one’s 
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perception is shaped and guided not only by how the self can be extended, but also 

by what is already ‘self’.  

 

Relatedly, the studies reported within this thesis have not accounted for the extent to 

which individual performance is affected by differences in voice perception ability. 

Aglieri, Watson, Pernet, Latinus, Garrido & Belin, (2016; see also Lavan, Burston, & 

Garrido, 2019) have previously shown that there is substantial variability in listeners’ 

ability to discriminate unfamiliar voices. Given that the prioritisation of a new self-voice 

relies on the fact that it has been identified as the self-voice, it may be that some of 

the variation in self-bias is underpinned by variation in voice perception ability.  

 

Finally, this thesis has been unable to fully disentangle how the effect of ownership 

and of self-association interacts with the temporal binding paradigm. In each interval 

estimation task, participants’ estimates were influenced by whether the voice outcome 

was self-associated or not. However, this result was also present in the passive 

condition which, importantly, demanded no agentic action from the participant. Thus, 

it is unclear whether self-association does affect agency, as suggested by the 

presence of an effect in active trials, or whether it affects temporal perception more 

broadly. Further studies, briefly outlined below, may help to resolve these limitations, 

corroborate the current results, and further our understanding.  

7.6 Future studies 

This body of work presents an extensive examination of how a new voice may become 

relevant to the self-concept according to behavioural, mainly implicit, measures. 

Further studies may help to corroborate these findings through different 

psychophysics techniques and neuroimaging work. 

 

In the first instance, it will be important to clarify other factors to which the temporal 

binding paradigm is sensitive. This thesis has demonstrated that participants’ temporal 

judgements of interval durations are influenced by self-association but that this does 

not necessarily interact with participants’ sense of agency. Further studies must 

elucidate a more precise understanding of what factors drive interval estimates, 

whether these factors are exclusively modulated under conditions of agency and, thus, 
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whether interval estimates can be conclusively interpreted as reflecting only a sense 

of agency.  

 

In order to reconcile the consistent presence of an effect of self-association (i.e., 

whether a voice was self-owned or other-owned) in passive trials as well as active 

trials, I hypothesised that the quicker perceptual processing of the self-owned voice 

may be what impacts perception of the interval duration. Specifically, that after a 

starting cue, the time between that cue and a voice is postdictively shortened 

according to how quickly the voice is recognised. This hypothesis was motivated by 

the fact that the duration of the cue-tone could similarly influence how long the 

subsequent interval was perceived to last; shorter cue-tones led to the interval being 

perceived as correspondingly shorter. However, this hypothesis is untested and not 

fully supported by the current results. In Experiment 6, in which participants were 

presented with their true self-voice as ‘self’, their reaction times to this voice in the 

perceptual matching paradigm were significantly quicker than reaction times to the 

friend and stranger voice identities; they also responded faster to this true self-voice 

than control participants who were assigned it as a completely novel self-voice in the 

experiment. Despite this quicker recognition of the true self-voice, however, the 

interval preceding it in the interval estimation task was not perceived as any shorter 

than intervals preceding a new self-voice.   

 

Moving forward, it may be possible to disentangle the influence of self-association on 

sense of agency by using a different measure of agency, such as the original Libet 

clock method (Libet, Gleason, Wright, and Pearl, 1983). This method requires 

participants to use a visible clock-face with a rotating hand to estimate the time at 

which an action is made and, separately, the time at which an outcome occurs. Then, 

rather than a passive condition, participants estimate the times at which these events 

occur in isolation (i.e., the action when it is not followed by an outcome, and the 

outcome without its being self-generated). With this method, it may be possible to 

determine whether participants experience a greater sense of agency over their 

actions that result in a self-voice outcome in comparison to their actions that result in 

an other-voice outcome. Moreover, by measuring estimates of when the outcome 

occurred in isolation, it may be possible to see whether the effect of self-association 
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is present in the absence of action. This method, in conjunction with the current results, 

may provide clarity on how self-relevance interacts with participants’ sense of agency 

over their actions specifically, as separated from their temporal perception of the 

outcome’s onset.  

 

Future work may also serve to elucidate how far a new self-voice becoming self-

relevant is analogous to it becoming ‘self’. It is clear within these studies that people 

can quickly process a new voice as self-relevant, as shown by robust behavioural 

results. However, further work could be done to determine the extent to which the new 

voice is processed as self. Payne et al. (2017) demonstrated that participants could 

process the face of another as self-relevant when they owned it. However, they also 

found that participants’ physical representation of the self-face was not changed. It will 

be important for future work to assess how far a new self-voice has been integrated 

within the self-concept and this could, in the first instance, be explored with a similar 

task as Payne et al. (2017). Specifically, by morphing the true self-voice with a new 

self-owned voice and assessing the point at which the merged voice is deemed more 

self than other, or more other than self. A change in representation would be indicated 

by the point of self-other equivalence changing after the new voice has become self-

relevant.  

 

Neuroimaging studies could also help to corroborate the extent to which a new voice 

has been integrated into the concept of self, and further, into the representation of self. 

Previous functional MRI studies have indicated that the ventral medial prefrontal 

cortex is more actively engaged for self-relevant stimuli and this brain region has been 

linked to self-representation. Thus, an fMRI study that investigates the neural 

correlates of the self-prioritisation effect in voices could further the current work. 

Specifically, an fMRI study could investigate differential brain activity when the new 

self-owned voice is presented compared to when the voices belonging to the friend 

and other identities are presented. Such a study would require looking at patterns of 

activation in the ventral medial pre-frontal cortex (vmPFC), the left posterior superior 

temporal sulcus (lpSTS) and functional coupling between the two. If the new self-

owned voice really has been processed as ‘self’ one might expect to see greater 

functional connectivity changes between the vmPFC and lpSTS for the self-owned 
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voice relative to the other voices. These results could be further validated by testing 

for correlations between brain responses and the observed bias for the self-voice in 

the behavioural matching task (measuring RTs and proportion accuracy).  

7.7 Conclusion 

Overall then, this body of work aimed to investigate the possibility of incorporating a 

new voice into the self-concept and, by way of this, further our understanding of what 

it is that makes a voice ‘mine’. This research demonstrates, for the first time, that a 

new voice can be incorporated into the self-concept and become self-relevant; a voice, 

moreover, that is the inherent biological property of another. This is achieved 

predominantly thorough taking ownership of it, which fundamentally changes the 

relation between the self and that stimulus such that it is made self-relevant and 

afforded bias. This shows the flexibility of the self-concept, both in terms of the 

information that comprises it and in how quickly that information is adjusted. Thus, in 

beginning to answer what it is that makes a voice ‘mine’: simply having a voice is 

critical to perceiving that voice as self-relevant and to experiencing a sense of agency 

over it.   
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Appendix 

Appendix 1. Full R model outputs for analyses: 
 

 

Supplemental Table 1. Model output for the analysis of the reaction times in Experiment 
1. The reference category for Voice Identity is "Self"; the reference category for Trial Type 
is "Match". 
 
 
 
 

 

Supplemental Table 2. Model output for the analysis of the sensitivity in Experiment 1. 
The reference category for Voice Identity is "Self”. 
 
 
 

 

Supplemental Table 3. Model output for the analysis of accuracy in Experiment 1.  
The reference category for Voice Identity is "Self", the reference category for Trial Type 
is "Match". 

 
 

 Estimates CI 

(Intercept) 581.29 555.40 – 607.18 

Main Effect Voice Identity   
Voice identity (Friend) 53.57 34.67 – 72.48 
Voice identity (Other) 62.22 43.19 – 81.24 

Main Effect Trial Type   
Trial Type (Mismatch) 132.12 112.87 – 151.37 

Interaction Voice Identity * Trial Type   
Voice identity (Friend) * Trial Type (Mismatch) -45.34 -72.72 – -17.97 
Voice identity (Other) * Trial Type (Mismatch) -62.65 -90.18 – -35.12 

 Estimates CI 

(Intercept) 2.62 2.25 – 2.98 

Main Effect Voice Identity   
Voice identity (Friend) -0.33 -0.64 – -0.02 

Voice identity (Other) -0.36 -0.67 – -0.06 

    Odds Ratios   CI 

(Intercept) 12.85 8.98 – 18.38 
Main Effect Voice Identity   

Voice identity (Friend) 0.7 0.53 – 0.93 
Voice identity (Other) 0.64 0.48 – 0.84 

Main Effect Trial Type   
Trial Type (Mismatch) 0.46 0.35 – 0.60 

Interaction Voice Identity * Trial Type   
Voice identity (Friend) * Trial Type (Mismatch) 1.25 0.87 – 1.80 
Voice identity (Other) * Trial Type (Mismatch) 1.3 0.91 – 1.86 
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Supplemental Table 4. Model output for the analysis of the reaction times in Experiment 
2. The reference category for Voice Identity is "Self", the reference category for Gender 
Matching is "No". 

 
 

 

Supplemental Table 5. Model output for the analysis of sensitivity in Experiment 2.  
The reference category for Voice Identity is "Self", the reference category for Gender-
Matching is "No". 

 

 

Supplemental Table 6. Model output for the analysis of accuracy in Experiment 2. 
The reference category for Voice Identity is "Self", the reference category for Gender 
Matching is "No". 

 
 

 Estimates              CI 

(Intercept) 540.52 514.21 – 566.83 
Main Effect Voice Identity   

Voice identity (Friend) 35.35 21.58 – 49.12 
Voice identity (Other) 52.2 38.30 – 66.10 

Main Effect Gender Matching   
Gender Matching (Yes) 0.68 -36.55 – 37.91 

Interaction Voice Identity * Gender Matching   
Voice identity (Friend) * Gender Matching (Yes) -5.02 -24.49 – 14.46 
Voice identity (Other) * Gender Matching (Yes) -1.5 -21.29 – 18.28 

 Estimates         CI 

(Intercept) 2.95 2.66 – 3.25 
Main Effect Voice Identity   

Voice identity (Friend) -0.08 -0.33 – 0.16 
Voice identity (Other) -0.28 -0.52 – -0.03 

Main Effect Gender Matching   
Gender Matching (Yes) -0.07 -0.49 – 0.36 

Interaction Voice Identity * Gender Matching   
Voice identity (Friend) * Gender Matching (Yes) 0.1 -0.25 – 0.45 
Voice identity (Other) * Gender Matching (Yes) -0.12 -0.47 – 0.22 

 Odds Ratio      CI 

(Intercept) 9.2 6.52 – 12.98 
Main Effect Voice Identity   

Voice identity (Friend) 1.11 0.90 – 1.36 
Voice identity (Other) 1.08 0.88 – 1.33 

Main Effect Gender Matching   
Gender Matching (Yes) 1 0.61 – 1.61 

Interaction Voice Identity * Gender Matching   
Voice identity (Friend) * Gender Matching (Yes) 0.94 0.70 – 1.26 
Voice identity (Other) * Gender Matching (Yes) 0.98 0.73 – 1.32 
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Supplemental Table 7. Model output for the analysis of the reaction times in 
Experiment 3. The reference category for Voice Identity is "Self", the reference 
category for Choice is "No". 
 
 
 

 Estimates      CI 

(Intercept) 3.1 2.89 – 3.32 
Main Effect Voice Identity   

Voice identity (Friend) -0.27 -0.45 – -0.09 
Voice identity (Other) -0.44 -0.62 – -0.26 

Main Effect Choice   
Choice (Yes) -0.19 -0.50 – 0.12 

Interaction Voice Identity * Choice   
Voice identity (Friend) * Choice (Yes) 0.24 -0.01 – 0.49 
Voice identity (Other) * Choice (Yes) 0.11 -0.14 – 0.36 

 

Supplemental Table 8. Model output for the analysis of sensitivity in Experiment 3.  
The reference category for Voice Identity is "Self", the reference category for Choice 
is "No".  

 
 

 Odds Ratio    CI 

(Intercept) 18.77 14.76 – 23.86 

Main Effect Voice Identity   
Voice identity (Friend) 0.8 0.67 – 0.97 

Voice identity (Other) 0.45 0.38 – 0.53 

Main Effect Choice   
Choice (Yes) 1.13 0.81 – 1.59 

Interaction Voice Identity * Choice   
Voice identity (Friend) * Choice (Yes) 0.76 0.59 – 0.99 

Voice identity (Other) * Choice (Yes) 1 0.78 – 1.28 
 

Supplemental Table 9. Model output for the analysis of accuracy in Experiment 3.  
The reference category for Voice Identity is "Self", the reference category for Choice 
is "No". 

 

 Estimates CI 

(Intercept) 540.87 520.53 – 561.22 
Main Effect Voice Identity   

Voice identity (Friend) 32.84 23.07 – 42.61 
Voice identity (Other) 51.44 41.52 – 61.37 

Main Effect Choice   
Choice (Yes) 5.73 -23.03 – 34.50 

Interaction Voice Identity * Choice   
Voice identity (Friend) * Choice (Yes) 36.93 23.10 – 50.76 
Voice identity (Other) * Choice (Yes) 15.49 1.47 – 29.51 
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 Estimates CI 

(Intercept) 342.35 130.93 – 553.78 

Main effect (Cue-tone duration) 
Tone duration (100ms) 33.21 -29.59 – 96.01 

Tone duration (200ms) 98.05 35.24 – 160.86 

Tone duration (400ms) 56.34 -6.45 – 119.14 
 

Supplemental Table 10. Model output for the analysis of mean interval estimates in 
Experiment 4 Pilot. The reference category for Cue-interval duration is "50ms".  

 

 Estimates CI 

(Intercept) 316.53 129.75 – 503.31 

Main Effect Voice Identity 
Voice Identity (Other) 12.17 3.05 – 21.29 

Main effect Agency   

Agency (Passive) 51.54 42.42 – 60.66 
 

Supplemental Table 11. Model output for the analysis of mean interval estimates in 
Experiment 4. The reference category for Voice Identity is "Self", the reference 
category for Agency is "Active". 

 
 

 Estimates CI 

(Intercept) 325.77 144.45 – 507.10 

Main Effect Voice Identity 
Voice Identity (Other) 30.47 16.17 – 44.77 

Main effect Agency   

Agency (Passive) 23.60 9.24 – 37.96 

Interaction Voice Identity * Agency   
Voice Identity (Other) * Agency (Passive) 3.18 -17.14 – 23.50 

 

Supplemental Table 12. Model output for the analysis of mean interval estimates in 
Experiment 5. The reference category for Voice Identity is "Self", the reference 
category for Agency is "Active". 

 
 
 
 
 
 
 
 
 
 
 
 



Appendix 

___________________________________________________________________________ 

 
238 

 

Supplemental Table 13. Model output for the analysis of reaction times in Experiment 
6. The reference category for Voice Identity is "Self", the reference category for 
Condition is “Control” (i.e. new voice as self). 

 
 

 

Supplemental Table 14. Model output for the analysis of sensitivity in Experiment 6. 
The reference category for Voice Identity is "Self", the reference category for Condition 
is “Control” (i.e. new voice as self).  

 
 

 

Supplemental Table 15. Model output for the analysis of accuracy in Experiment 6. 
The reference category for Voice Identity is "Self", the reference category for Condition 
is “Control” (i.e. new voice as self). 

 
 

 Estimates              CI 

(Intercept) 506.51 488.14 – 524.88 
Main Effect Voice Identity   

Voice identity (Friend) 41.46 28.54 – 54.39 
Voice identity (Other) 62.48 49.40 – 75.55 

Main Effect Condition   
Condition (Experimental) -39.90 -53.08 – -26.72 

Interaction Voice Identity * Condition   
Voice identity (Friend) *  Condition (Experimental) 28.72 10.61 – 46.82 
Voice identity (Other) *  Condition (Experimental) 50.98 32.67 – 69.30 

 Estimates              CI 

(Intercept) 3.26 3.06 – 3.45 
Main Effect Voice Identity   

Voice identity (Friend) -0.12 -0.35 – 0.11 
Voice identity (Other) -0.37 -0.59 – -0.14 

Main Effect Condition   
Condition (Experimental) 0.82 0.59 – 1.05 

Interaction Voice Identity * Condition   
Voice identity (Friend) *  Condition (Experimental) -0.22 -0.55 – 0.10 
Voice identity (Other) *  Condition (Experimental) -0.33 -0.66 – -0.01 

 Odds Ratio              CI 

(Intercept) 18.13 14.03 – 23.45 
Main Effect Voice Identity   

Voice identity (Friend) 0.88 0.68 – 1.15 
Voice identity (Other) 0.57 0.44 – 0.73 

Main Effect Condition   
Condition (Experimental) 4.16 2.71 – 6.38 

Interaction Voice Identity * Condition   
Voice identity (Friend) *  Condition (Experimental) 0.51 0.30 – 0.87 
Voice identity (Other) *  Condition (Experimental) 0.33 0.20 – 0.54 



Appendix 

___________________________________________________________________________ 

 
239 

 

Supplemental Table 16. Model output for the analysis of mean interval estimates in 
Experiment 6. The reference category for Voice Identity is "Self", the reference category 
for Agency is "Passive", reference category for Condition is “Control” (i.e. new voice as 
self). 

 
 

 

Supplemental Table 17. Model output for the analysis of reaction times in Experiment 7. 
The reference category for Voice Identity is "Self", the reference category for Condition is 
“Control” i.e. the self-owned voice. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 Estimates CI 

(Intercept) -73.90 -176.48 – 28.68 
Main Effect Voice Identity   

Voice identity (Other) 19.45 6.75 – 32.15 
Main Effect Agency   

Agency (Passive) 85.37 72.61 – 98.14 
Main Effect Condition   

Condition (Experimental) -8.89 -22.03 – 4.26 
Interaction Voice Identity * Agency   

Voice identity (Other) * Agency (Passive) -4.48 -30.11 – 21.14 
Interaction Condition * Agency  
   Condition (Experimental) * Agency (Passive) -5.88 -24.04 – 12.29 
Interaction Voice * Condition    
   Voice identity (Other) *  Condition (Experimental) -2.22 -20.31 – 15.86 

 Estimates              CI 

(Intercept) 512.95 495.57 – 530.32 
Main Effect Voice Identity   

Voice identity (Friend) 33.16 19.65 – 46.68 
Voice identity (Other) 37.99 24.31 – 51.66 

Main Effect Condition   
Condition (Experimental) 14.80 1.21 – 28.38 

Interaction Voice Identity * Condition   
Voice identity (Friend) *  Condition (Experimental) -12.42 -31.58 – 6.73 
Voice identity (Other) *  Condition (Experimental) -24.67 -44.05 – -5.30 
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Supplemental Table 18. Model output for the analysis of accuracy in Experiment 7. 
The reference category for Voice Identity is "Self", the reference category for 
Condition is “Control” i.e. the self-owned voice.   

 

 

Supplemental Table 19. Model output for the analysis of mean interval estimates in 
Experiment 7. The reference category for Voice Identity is "Self", the reference category 
for Agency is "Passive", the reference category for condition is “Control” i.e. the self-
owned voice. 

 
 
 
 
 
 
 
 
 
 
 

 Odds Ratio              CI 

(Intercept) 25.53 19.65 – 33.16 
Main Effect Voice Identity   

Voice identity (Friend) 1.03 0.73 – 1.44 
Voice identity (Other) 0.46 0.35 – 0.62 

Main Effect Condition   
Condition (Experimental) 0.64 0.47 – 0.87 

Interaction Voice Identity * Condition   
Voice identity (Friend) *  Condition (Experimental) 1.42 0.90 – 2.23 
Voice identity (Other) *  Condition (Experimental) 1.59 1.08 – 2.35 

 Estimates CI 

(Intercept) 282.47 98.62 – 466.31 
Main Effect Voice Identity   

Voice identity (Other) 55.21 41.86 – 68.57 
Main Effect Agency   

Agency (Passive) 89.09 75.77 – 102.41 
Main Effect Condition   

Condition (Experimental) 13.76 0.40 – 27.13 
Interaction Voice Identity * Agency   

Voice identity (Other) * Agency (Passive) 10.76 -8.09 – 29.62 
Interaction Condition * Agency  
   Condition (Experimental) * Agency (Passive) -1.77 -20.66 – 17.13 
Interaction Voice * Condition    
   Voice identity (Other) *  Condition (Experimental) 3.86 -15.02 – 22.75 
Interaction Voice Identity * Agency * Condition   
   Voice identity (Other) *  Condition (Experimental) 
* Agency (Passive) 

0.12 -26.57 – 26.81 
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Supplemental Table 20. Model output for the analysis of reaction times in Experiment 
10. The reference category for Voice Identity is "Self", the reference category for 
Condition is “Control” i.e. the self-owned voice. 

 

 

Supplemental Table 21. Model output for the analysis of sensitivity in Experiment 10. 
The reference category for Voice Identity is "Self", the reference category for Condition is 
“Control” i.e. the self-owned voice.  

 

 

 

Supplemental Table 22. Model output for the analysis of accuracy in Experiment 
10. The reference category for Voice Identity is "Self", the reference category for 
Condition is “Control” i.e. the self-owned voice. 

 

 

 Estimates              CI 

(Intercept) 545.51 514.57 – 576.44 
Main Effect Voice Identity   

Voice identity (Friend) 68.67 55.02 – 82.31 
Voice identity (Other) 97.40 83.67 – 111.13 

Main Effect Condition   
Condition (Experimental) -21.83 -65.59 – 21.93 

Interaction Voice Identity * Condition   
Voice identity (Friend) *  Condition (Experimental) -2.66 -21.91 – 16.59 
Voice identity (Other) *  Condition (Experimental) -4.32 -23.74 – 15.10 

 Estimates              CI 

(Intercept) 3.48 3.24 – 3.73 
Main Effect Voice Identity   

Voice identity (Friend) -0.17 -0.39 – 0.05 
Voice identity (Other) -0.34 -0.56 – -0.13 

Main Effect Condition   
Condition (Experimental) -0.01 -0.36 – 0.34 

Interaction Voice Identity * Condition   
Voice identity (Friend) *  Condition (Experimental) 0.11 -0.20 – 0.42 
Voice identity (Other) *  Condition (Experimental) 0.18 -0.13 – 0.49 

 Odds Ratio              CI 

(Intercept) 34.47 24.06 – 49.37 
Main Effect Voice Identity   

Voice identity (Friend) 0.54 0.39 – 0.76 

Voice identity (Other) 0.39 0.29 – 0.54 
Main Effect Condition 

Condition (Experimental) 0.91 0.55 – 1.50 
Interaction Voice Identity * Condition   

Voice identity (Friend) *  Condition (Experimental) 1.70 1.05 – 2.74 

Voice identity (Other) *  Condition (Experimental) 1.19 0.76 – 1.85 
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Appendix 2. Full stimulus set for the shopping task used in Experiment 8. Food and 
household-related items (216) were divided into three sets so that each set was 
broadly matched on word frequency according to the SUBTLE-X corpus, syllable 
length and item length.  
 

SET 1 SET 2 SET 3 

apples oven rack anchovies hoover apricots mangos 

apron paper asparagus kiwis artichokes marrow 

aubergine peaches beetroot lawnmower baby food matches 

basil peeler biscuits lemonade bacon meatballs 

blender pitta bread blanket lemons bananas melon 

cereal plates blueberries maple syrup bathmat meringue 

cheese pomegranate bowls moisturiser batteries milk 

chilli porridge brownie mushrooms bleach olive oil 

coconut pudding cashews mussels bread olives 

cod raisins casserole dish oatcakes broccoli torch 

conditioner raspberries celery oranges butter pasta 

coriander rice chard parsley cabbage  pears 

crumpets salt cheesecake pastry carrots pepperoni 

cucumber sandwich chicken peanuts cherries perfume 

dog food scones chives peppers chewing gum pickles 

electric whisk shallots chutney pineapples chocolate plunger 

extension lead shampoo cinnamon pizza courgettes popcorn 

gammon spinach coasters plant custard potatoes 

granola spoon coffee plums dusters pretzel 

halibut squash cookies sage feta prunes 

honey steak cordial salad cream fridge pumpkins 

kale steamer crab salsa ginger quiche 

lentils strainer crackers sausages guacamole rhubarb 

lettuce strimmer cream scales haddock saffron 

limes sugar crisps sieve horseradish scented candle 

lollipops swede cushion soap hummus scissors 

marmalade sweetcorn eggs spaghetti icing sugar shrimp 

marmite tangerines envelopes stapler jam soft toy 

mayonnaise teapot flannel string juicer sponges 

microwave toaster freezer strudel ketchup tofu 

mint tomatoes garlic sun-tan lotion kettle trout 

muffins towels grapes sweetener knife tumble dryer 

mugs turmeric grater trifle lamp wasabi 

mustard turnips hair dye tuna lasagne ladle 

nappies walnuts ham turkey Laundry powder whiskey 

onions yoghurt Hand wash vinegar lobster wine 
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Appendix 3. Cue stimuli used in Experiments 6 and 7 to elicit the target word, 
“hello”, in participants own voices.  
 

 
 
 
 

Trial Utterance 

Practice Trial "Hello, how are you today?" 

Trial 1 "I just called to say hello" 

Trial 2 "Hello" 

Trial 3 "Oh, hello, could I speak to Dr Johns please?" 

Trial 4 "Hello, can you hear me?" 

Trial 5 "Hello" 

Trial 6 "Hello, are you there?" 

Trial 7 "Hello, is that Alex?" 

Trial 8 "Hello" 

Trial 9 "Hello, how are you today?" 

Trial 10 "Hello…hello…. hello…. hello…hello…"(said in a cheerful voice) 

Trial 11 "Hello…hello…. hello…. hello…hello…"(said in a neutral voice) 

Trial 12 "Hello…hello…. hello…. hello…hello…"(said in a sad voice) 


