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Summary 

In linguistics, the relationship between word form and meaning is largely considered 

arbitrary. However, in literary works and in the broader discipline of literary theory, it is well 

acknowledged that word form is stylistically manipulated to link concepts and engage reader 

attention. Recent work in the field of neurocognitive poetics investigates how stylistic text 

influences semantic and attentional processes, but currently no research effort has focused on 

these effects in natural, declarative language. The empirical work presented in this thesis 

examines how phonological repetition in short phrases impacts upon semantic processing and 

attentional engagement, addressed in three main research questions: 1) How does 

phonological repetition between words affect semantic processing and attentional 

engagement? 2) How does phonological repetition between words affect semantic processing 

and attentional engagement in poor readers? 3) How does the relationship between sound 

and meaning affect memory? To this end, I constructed adjective-noun phrases, which were 

orthogonally manipulated for semantic congruency (congruent, incongruent), and alliteration 

(alliterating, non-alliterating), as in “dazzling-diamond”; “sparkling-diamond”; “dangerous-

diamond”; and “creepy-diamond”. Over four experiments I establish that: 1) phonological 

repetition in the form of alliteration creates an illusion of meaning for typical readers, linking 

words beyond the level of actual semantic relatedness, 2) phonological repetition does not 

similarly impact readers with dyslexia at the neurocognitive level, though alliteration impacts 

their overt semantic relatedness judgements, and 3) the presence of alliteration does not 

improve recognition memory for word-pairs, but it does create a false sense of familiarity. 

Our findings show that, even in natural language, word form influences both online semantic 

integration and overt judgement and later memory processes.   
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1.0. Chapter Overview 

In this chapter, I will outline the primary theoretical concerns of my thesis, the research 

questions and how I intend to address these questions. The chapter starts with a very brief 

overview of the current research on the science of reading, before moving on to the latest 

research findings in neurocognitive poetics; a recent extension of the reading literature, which 

examines how stylistic properties of language affect neural and behavioural responses in 

readers of stylistic works. At this point, I outline the key theoretical questions addressed in 

my thesis, which are reflected in the empirical chapters that follow. Briefly, 1) how sound 

interacts with meaning in normally developed adult readers, 2) how this interaction may 

differ in poorer (dyslexic) readers, and 3) whether such stylistic manipulation of sounds 

experienced online latterly affect recognition of the linguistic content. These research 

questions will be followed by concise reviews of the literature (and resulting hypotheses) on 

a) current debate on the interaction between sound and semantics, b) current theorizing in 

dyslexia – including causal theories, c) current theorizing in recognition memory. 

 

1.1. The Cognitive and Neurocognitive Science of Reading 

Reading is a uniquely human skill, that has profound influence on our lives, and goes beyond 

what is achievable through spoken language. Through the written word, we can become 

completely immersed and inspired by a story that was written centuries before our births. 

Indeed, to typically developed readers, this can seem so automatic a process, that they do not 

think of it as the highly specialised and complicated skill that it is, taking years for children to 

master (Wolf & Stoodley, 2008). Despite how automatic this process can become once fully 

developed, there are several cognitive processes involved in extracting the meaning and 

sounds of a word from written letters. Here, I will give a very brief overview of some of the 
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key theories of reading, from the single word level, through to fluent reading of stylistically 

complicated texts.  

 

1.1.1 Word Decoding 

The fundamental act and purpose of reading words is to derive sound and meaning from a 

series of arbitrary visual symbols (Coltheart, 2005, 2006). There are two influential models of 

word reading (Coltheart, 2005, 2006; Rayner & Reichle, 2010); namely the dual-route 

cascaded (DRC) model (Coltheart et al., 2001), and connectionist extensions of the triangle 

model (Coltheart, 2006; Seidenberg, 2005). These two models have underscored much 

reading research and debate within cognitive psychology in recent years, and offer 

contrasting accounts for how word identification occurs (Coltheart, 2006; Rayner & Reichle, 

2010). They will be briefly outlined here. 

 

Dual-Route Cascaded Model (DRC) 

The DRC model (see Figure 1 below) posits that identification of a word’s phonology 

can occur via one of two routes; either via a non-lexical route through applying grapheme-

phoneme correspondence rules, or through the more ‘direct’ lexical route, wherein the whole 

word is recognized and pronunciation is directly retrieved from the lexicon (Coltheart, 2006; 

Coltheart et al., 2001; Rayner & Reichle, 2010). Within this model, a word’s orthography and 

phonology are represented as separate processing units in the lexicon, and operate in parallel 

(Coltheart et al., 2001; Rayner & Reichle, 2010). The direct (lexical) route is used to identify 

known and irregular words, whereas novel regular words and nonwords are identified via the 

non-lexical route (Coltheart, 2006; Coltheart et al., 2001). According to this model, the non-

lexical route is poorer in individuals with developmental dyslexia, which accounts for their 
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phonological deficits during reading (Coltheart, 2006; Ziegler et al., 2008). The lexical route 

may also be implicated in some cases, due to the heterogeneous nature of reading deficits in 

dyslexia (Ziegler et al., 2008). 

 

Figure 1: Overview of the basic architecture of the DRC, illustrating the lexical / direct (left 

side) and non-lexical / indirect (right) routes to word reading, adapted from Coltheart et al., 

2001. 

 

Connectionist Reading Models 

In contrast to the DRC wherein each word is represented as a single lexical entry in 

the reading system, connectionist reading models are based on the idea of a distributed 

representation, whereby each word is represented by several units, and each unit is involved 

in representing several words (Coltheart, 2006; Harm & Seidenberg, 1999, 2004; Seidenberg, 

2005; Seidenberg & McClelland, 1989). These units represent orthographic, phonological, 

and semantic features of words, with hidden units allowing the network to learn and represent 

more complex mappings than would be afforded by direct input-to-output mappings (see 

Figure 2 below; Seidenberg, 2005). These theories put forward the idea that consistency 

exists on a continuum as opposed to being a strict dichotomy of regular versus irregular 
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words, and that grapheme-phoneme correspondences are mastered via statistical learning 

(Seidenberg, 2005). Simulations of dyslexia using these models support the prevalent view 

that dyslexic readers have degraded phonological representations, but also that other causes 

are also involved (Harm & Seidenberg, 1999; Seidenberg, 2005).   

 

Figure 2: The ‘Triangle Model’ adapted from Seidenberg and McClelland (1989), illustrating 

the layers of units for semantics, orthography, and phonology, as well as the hidden units 

(blank ovals).  

 

1.1.2. Reading Fluency  

The above models outline the processes involved in word decoding and are complemented by 

human data involving word recognition paradigms such as lexical decision and word/ 

nonword reading (Grainger et al., 1991; McKague et al., 2001; McNorgan et al., 2015; 

Pritchard et al., 2012; Schmalz et al., 2013). However, in normal reading conditions (e.g. 

reading a book), words are not read in isolation. Readers need to be able to read quickly and 

accurately, and comprehend the text in front of them, which is known as fluent reading 

(Benjamin & Gaab, 2012; Lyon et al., 2003). Fluent reading relies on the ability to 

automatically recognize and process words (Wolf & Bowers, 1999). Whilst reading feels 

effortless for most typically developed readers, many individuals with developmental 
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dyslexia never achieve this level of fluency (Jones et al., 2008). In this way it can be 

considered that their reading ability does not become fully automatized (Jones et al., 2008). 

Rapid automatized naming (RAN) tasks are often used as a measure and predictor of reading 

fluency (Jones et al., 2008, 2009, 2010; Lervåg & Hulme, 2009; Wolf & Bowers, 1999).  

The literature summarised above gives a glimpse of the great advances that have been 

made in understanding the process of how we read, and provides a solid foundation from 

which we can now begin to extend the field of reading research, moving beyond declarative 

texts into more stylistic forms. Indeed, a major reason that people read is for enjoyment, 

whether in the form of poetry or a novel, and it is imperative that we begin to understand 

what happens in neurocognitive function as we read for pleasure.    

 

1.1.3. Neurocognitive Poetics 

Neurocognitive poetics is a relatively new research field that brings together classical 

theorising from linguistics and poetics, with methods and findings from cognitive psychology 

and neuroscience (Jacobs, 2015a, 2015b). In other words, it applies a cognitive neuroscience 

approach to the study of literary reading. Key themes involve the influence of certain 

attentional, emotive and immersive qualities of text on the reading brain.   

Much research and theorizing has centred on two primary types of features in text, 

which readers are known to use when extracting meaning. These are backgrounding 

techniques, which serve to familiarise the reader, and foregrounding techniques, which serve 

to defamiliarize the reader (Jacobs, 2015b). Both will be discussed in relation to relevant 

research below, with a greater focus on foregrounding, since the experimental chapters will 

investigate the neurocognitive effects of a common foregrounding technique: alliteration.  
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Backgrounding 

Backgrounding elements in a literary text are used in order to familiarise the reader, 

and to create an immersive reading experience (Jacobs, 2015a, 2015b). These are considered 

responsible for the feeling of getting lost in a book, achieved through use of familiar schema, 

situations, words and phrases, and affective responses (Jacobs, 2015a, 2015b; Jacobs & 

Willems, 2017), and are thought to elicit quick, fluent reading which is characterised by 

larger saccades and fewer fixations (Jacobs, 2015b, 2015a). Broadly speaking the plot, 

character development, and building of suspense over a piece of work are all part of the 

backgrounding elements according to this model (Jacobs, 2015a, 2015b).   

Research into backgrounding has focused on a number of variables, notably 

participants’ experiences of in-text immersion, suspense, empathising with characters, 

physiological responses to emotional aspects of plot, and how these effects vary as a function 

of first and second language processing (Hsu, Jacobs, & Conrad, 2015; Hsu, Jacobs, Citron, 

et al., 2015; Jacobs, 2015a, 2015b; Riese et al., 2014; Wassiliwizky, Koelsch, et al., 2017). 

Backgrounding is an attractive choice for research since participants are presented with 

unedited literary works, be they full poems, or long excerpts from novels and therefore have 

relatively high ecological validity (Willems & Jacobs, 2016). Results from this type of 

research are particularly valuable in guiding insights in the literary community, yet the trade-

off is the lack of experimental control: since there are many different stylistic manipulations 

within a literary piece, it is difficult to tease apart which variables in the text specifically lead 

to the measured response. Willems and Jacobs (2016) suggest a more ‘traditional’ 

experimental cognitive research approach on this type of phenomenon in order to inform and 

compliment backgrounding research. In this way, we will establish a full picture of how the 

effects of literature work, in a piece by piece manner.  
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Foregrounding 

As described above, the purpose of foregrounding in literary works is to defamiliarize 

the reader, and to elicit a dysfluent reading style, characterised by longer fixations (Jacobs, 

2015a, 2015b). What is meant by this, is that they capture the readers’ attention, and turn 

reading from an automatic passive event, into a conscious experience (Jacobs, 2015a, 2015b; 

Miall & Kuiken, 1994). Foregrounding refers to the stylistic effects that occur in literary 

reading. These may operate at the phonetic level (e.g. assonance, rhyme, or alliteration), the 

grammatical level (e.g. inversion), or at the semantic level (e.g. irony or metaphor) (Miall & 

Kuiken, 1994). According to contemporary literary theory these stylistic techniques are 

thought to be particularly salient, in the way they capture attention, and engage interest, as 

compared to more neutral, declarative language (Jacobs, 2015b; Miall & Kuiken, 1994). In 

this way literature is thought to be a special case of language, wherein communicating 

meaning is of lesser importance than style (Jakobson, 1960; Miall & Kuiken, 1994). 

Foregrounding may be considered a more natural fit for use in traditional cognitive 

neuroscience experiments, as it is easier to identify and isolate foregrounding elements for 

experimental manipulation. I will now give an overview of relevant research relating to such 

foregrounding techniques, focusing mainly on studies that operate at the phonemic level, 

given the primary manipulation of stylistic text used in this thesis. 

 

Neuroscientific research on foregrounding techniques 

Scheepers et al (2013)  conducted a pupillometry study, wherein participants were 

auditorily presented with Limericks, which are short, humorous poems with a highly 

constraining rhyme-scheme. Participants were presented with Limericks wherein the last 

word of the final line conformed to one of the following conditions: 1) no violation, 2) 
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semantic violation, 3) a syntactic violation, 4) rhyme-scheme violation, or 5) metric violation. 

Each of these violations was in respect to the context that had been set-up throughout the 

Limerick (Scheepers et al., 2013). Whilst an anomaly rating scale showed that participants 

were highly accurate at detecting all the violation conditions, only the rhyme-scheme 

violation led to changes in pupil dilation. The authors interpret this increase in pupil size in 

response to rhyme-scheme incongruence as reflecting an emotional reaction (Scheepers et al., 

2013).1 They suggest that the reason that only rhyme-scheme incongruency (and specifically, 

not semantic incongruency) led to a pupillary increase, is due to the relatively greater 

importance placed on prosody than semantics within poetry (Jakobson, 1960; Scheepers et 

al., 2013). 

In a similar study, participants were presented with verses from classic Chinese 

poems, that had a highly expected rhyme-scheme (Chen et al., 2016). Event-related potentials 

(ERPs)2 were measured from the last character of each verse, which were either congruent or 

incongruent with the rhyme scheme and were also either semantically congruent or 

incongruent with the context of the preceding sentence. The ERPs of interest in this study 

were the P200 which here indexes pre-lexical processes wherein a phonological 

representation is assigned to a character, and the N400 which here indexes the ease with 

which a character is semantically integrated into the preceding context (Chen et al., 2016). 

The P200 results suggest that rhyme-scheme incongruence had a top-down pre-lexical 

influence on phonological representations. Interestingly, the N400 results were also affected 

by rhyme-scheme incongruency, in that semantically incongruent items only elicited a larger 

N400 (typically indexing more difficult semantic processing) when the rhyme scheme was 

 
1 See the next chapter ‘Methodological Considerations’ for an overview of pupil dilation. 
2 See the next chapter ‘Methodological Considerations’ for an overview of the event related potential technique. 
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congruent. The authors interpret this result as testimony to the highly biasing context of 

poetry (Chen et al., 2016).  

Both of the above studies suggest that text genre has an impact on how they process 

information from the text (Chen et al., 2016; Hanauer, 1998; Jakobson, 1960; Obermeier et 

al., 2013; Scheepers et al., 2013). Indeed, Chen et al (2016) also cite the hypothesis by 

Jackobson (1960) that sound and meaning are more tightly bound in poetry than in 

declarative texts. As such, items that do not fit with the expected rhyme scheme may indeed 

be perceived as less semantically congruent (Chen et al., 2016; Jakobson, 1960). This 

interpretation is in line with literary theory surrounding foregrounding techniques (Miall & 

Kuiken, 1994). However, very little research has been conducted into how (and if) these 

phonological-semantic interactions would operate if participants were shown foregrounding 

techniques outside of the biasing context of poetry.   

Vaughan-Evans et al (2016) conducted an ERP study on ‘Cynghanedd’, which is a 

form of foregrounding based on phonological and rhythmic principles with complex rules, 

and is commonly found in traditional Welsh poetry (Vaughan-Evans et al., 2016). The form 

of Cynghanedd which was used in that study, relies on consonantal repetition, and distinct 

stress patterns (Vaughan-Evans et al., 2016). Participants were presented with sentences 

which either conformed to the rules of Cynghanedd or violated the Cynghanedd in one or 

more ways (e.g. consonant violation, stress violation, or consonant and stress violation). 

Notably, unlike the other studies which were outlined above, these sentences were presented 

in isolation (i.e. not in the context of a poem or verse), and participants were unaware that the 

experiment pertained to poetry (Vaughan-Evans et al., 2016). Whilst the participants in this 

experiment did not rate the Cynghanedd sentences as sounding better than the other 

conditions, their ERP responses indicated that they implicitly detected the presence of 

Cynghanedd, without being consciously aware of it (Vaughan-Evans et al., 2016). This 
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suggests that poetic form still captures readers attention more than neutral writing, even 

outside of the context of poetry or literature.  

To summarise, the relatively new science of neurocognitive poetics is already 

amassing a considerable body of work, and appears to be driven by two principal agendas: 

first, to provide an empirical basis for historical and current debates in literary theory (Jacobs, 

2015a, 2015b). Second, poetry and literature engage not only reading circuits, but also 

primitive limbic structures involved in emotional responses, and high-level semantic 

processing of schemata during the reading of narratives. Thus, empirical research on stylistic 

reading can be used to gain insights into underlying emotional, empathetic, and linguistic 

processes, that cannot be as effectively measured via typical psycholinguistic paradigms 

(Jacobs, 2015a, 2015b; D. C. Kidd et al., 2016; D. Kidd & Castano, 2013; Mar, 2011; 

Wassiliwizky, Jacobsen, et al., 2017). This latter use of neurocognitive poetics, wherein 

literature is a means through which to study cognitive phenomena, is the primary drive of this 

thesis. This is not to rule out however, the possibility that findings from this type of work 

could be of some benefit to researchers in the humanities. 

 

1.2. Thesis Aims 

In this thesis, I will investigate some of the potential neurocognitive effects of phonological 

repetition, outside of the context of poetry. This will allow for these effects to be studied 

outside of the biasing context of poetry and will allow for greater experimental control.  

Below I outline the three primary research questions which will be addressed: 

 

RQ1 How does phonological repetition between words affect semantic processing and 

attentional engagement? 
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RQ2 How does phonological repetition between words affect semantic processing and 

attentional engagement in poor readers? 

RQ3 How does the relationship between sound and meaning affect memory? 

 

Whilst all three research questions are related to the neurocognitive effects of phonological 

repetition and broadly fall into the field of neurocognitive poetics, they also have 

ramifications for neurolinguistic and psycholinguistic theories. As such, the relevant 

theoretical and research background for each of these three research questions will now be 

briefly outlined in turn. 

 

1.3. How does phonological repetition between words affect semantic processing and 

attentional engagement? 

RQ1 will investigate whether a stylistic technique which is based on phonological repetition 

(alliteration) modulates semantic processing and attracts readers attention outside of the 

context of poetry. Additionally, this question as to the relationship between sound and 

semantics is central to the thesis as a whole, as RQ2 and RQ3 follow directly from this 

question. This section will now give a brief overview of the current debate in 

psycholinguistics regarding the relationship between phonology and semantics, and of some 

relevant research regarding how phonological repetition may influence semantic processing. 

 

1.3.1. The Current Debate in Psycholinguistics 

The mainstream viewpoint in psycholinguistics has been that the relationship between word 

form and meaning is largely arbitrary (De Saussure, 2011; Gasser, 2004; Lupyan & Winter, 
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2018). By this it is meant that the word used to describe a concept usually does not directly 

map onto its meaning (Gasser, 2004; Lupyan & Winter, 2018). This feature allows more 

flexibility in learning abstract meanings for example (Lupyan & Winter, 2018). It has also 

been suggested that if word form and meaning mapped more clearly onto one another, it 

would make learning the vast amount of words that exist in a language more difficult (Gasser, 

2004). However this view of language as arbitrary is idealised, and does not take into 

consideration the many ways in which the form-meaning relationship is non-arbitrary 

(Dingemanse et al., 2015). 

 

 Iconicity and Sound Symbolism 

The occurrence of iconicity in language, is often put forward as a rebuttal to the view 

that language is arbitrarily related to meaning. Iconic language refers to situations wherein 

there is a clear relationship between words form and meaning (Gasser, 2004; Lupyan & 

Winter, 2018; Monaghan et al., 2014; Perniss et al., 2010; Perniss & Vigliocco, 2014). The 

most salient example of iconicity is in onomatopoeia, wherein the sound of a word maps onto 

its meaning, e.g. “pop”, “bang”, “beep” (Lupyan & Winter, 2018; Monaghan et al., 2014; 

Perniss et al., 2010; Perniss & Vigliocco, 2014). Sound symbolism refers specifically to 

mapping between phonological properties of a word and aspects of its meaning, and may 

comprise a more subtle example of iconic language, such as specific sound types being often 

linked to specific meanings (Ković et al., 2010; Monaghan et al., 2014; Perniss et al., 2010; 

Sučević et al., 2015).  

Perhaps the most famous experimental example of sound symbolism is that involving 

free association of shapes and nonsense words. Participants will overwhelmingly associate a 

word with unrounded vowels such as ‘kiki’ as referring to the spiky shape and a word with 
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rounded vowels such as ‘bouba’ with the round shape (Fryer et al., 2014; Ković et al., 2010; 

Sučević et al., 2015; Sweeny et al., 2012; Westbury, 2005). Some of these sound-symbolic 

relationships occur across many languages and are considered universal (R. W. Brown et al., 

1955; Dingemanse et al., 2015; Monaghan et al., 2014). Iconicity is more prevalent in non-

indoeuropean languages (Monaghan et al., 2014) and sign-languages (Perniss et al., 2010; 

Perniss & Vigliocco, 2014), and has been shown to aid language learning in both oral and 

sign-language (Asano et al., 2015; Imai et al., 2008; Monaghan et al., 2012; Thompson et al., 

2012). It has been suggested that sign languages are more iconic as there are more, very clear 

meaning-form mappings that can be made gesturally as compared to orally (Monaghan et al., 

2014; Perniss et al., 2010; Perniss & Vigliocco, 2014; Thompson et al., 2012). 

Following from these findings, many researchers are now advocating a more 

integrated view of language, that acknowledges the roles of both arbitrariness and iconicity in 

natural language (Ahlner & Zlatev, 2010; Dingemanse et al., 2015). Under a sound 

symbolism account, phonology has a direct influence on semantic processing (Ković et al., 

2010; Monaghan et al., 2014; Perniss et al., 2010), but the role of phonology in inter-lexical 

processing is less clear (Clifton, 2015). I will now present some relevant evidence that has 

been conducted to address this gap in the research. 

 

1.3.2. The Interaction Between Phonology and Semantics in Inter-Lexical Language 

Empirical work using the tongue twister effect suggests that phonology has a direct effect on 

semantic processing in reading. Sentences with a high level of phonological overlap between 

words (e.g. “Barbara burned the brown bread badly”, Clifton, 2015) are visually presented to 

participants to read (Clifton, 2015; Haber & Haber, 1982; McCutchen & Perfetti, 1982). A 

recurring finding in these studies, and with variations of this paradigm, is that the 
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phonological overlap between words in the sentence disrupts semantic processing as 

compared to control sentences with low phonological overlap (Clifton, 2015). Such inter-

word phonological effects are found for sentence acceptability judgement accuracy, 

judgement speed, memory task responses, and participants’ overall reading time for the 

sentence (Haber & Haber, 1982; Keller et al., 2003; Kennison et al., 2003; McCutchen et al., 

1991, 1994; McCutchen & Perfetti, 1982; Robinson & Katayama, 1997; Zhang & Perfetti, 

1993). Acheson and MacDonald (2011), also showed that when just two words within a 

sentence had high phonological overlap, participants were slower at reading the sentence 

from the point at which overlap occurred. Participants were also less accurate and slower at 

answering comprehension questions about these sentences than for low-overlap sentences 

which were matched for plausibility (Acheson & MacDonald, 2011). These results suggest 

that phonological representations has an online effect on sentence processing, which debunks 

alternative accounts stating that phonological effects on semantics are memory-driven 

(Acheson & MacDonald, 2011; Waters et al., 1987).  

 

1.3.3. Concluding Remarks on The Relationship Between Phonology and Semantics 

Here I have given a brief overview of the debate regarding the interaction between phonology 

and semantics as it relates to both RQ1 and the thesis as a whole. I have also given an 

overview of some of the current research pertaining to this debate, with the aim that it will 

help to show the theoretical and research background of RQ1. 
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1.4. How does phonological repetition across words affect semantic processing and 

attentional engagement in poor readers? 

Up until this point the field of neurocognitive poetics has focused solely on typical readers, 

despite the fact that adults with dyslexia do read for pleasure (Fink, 1998; Wennås Brante, 

2013). We were interested to observe whether the same effects of phonological repetition 

would appear for semantic processing and attention in readers with dyslexia, as we see for 

typically developed readers (cf. RQ1). If the same effects are not seen, then this would 

suggest that a different mechanism may be underlying enjoyment of literary reading for these 

readers. If the same effects are seen, then this may give valuable insight into how to engage 

attention for readers with dyslexia, which may be helpful in aiding reading comprehension 

(Breznitz & Leikin, 2001; Shaywitz & Shaywitz, 2008). The following section will give a 

brief overview of the major theories of developmental dyslexia. It should be noted that none 

of the experiments in this thesis are directly testing or comparing these theories. Instead, this 

overview aims to give context to the population who are tested in Experiment 2, and to help 

guide the hypotheses and interpretation for that study. 

Developmental dyslexia (henceforth referred to as dyslexia) is a specific reading 

impairment which affects approximately 5-10% of the population, and is characterised by 

difficulty in learning to decode print, i.e. learning to map phonology onto orthography in 

reading (Ahissar, 2007; Hulme & Snowling, 2016; Snowling & Hulme, 2012). A diagnosis of 

dyslexia is given when a reading impairment is present, even when the individual has normal 

nonverbal IQ, adequate educational opportunity, and no sensory problems that would disrupt 

normal reading (Lyon et al., 2003; Peterson & Pennington, 2015). In adulthood, reading and 

spelling can become highly compensated in individuals with dyslexia, such that many 

progress to third-level education, which typically involves high-literacy demands (J. Hatcher 

et al., 2002). However, dyslexia remains a lifelong condition, and even highly compensated 
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readers have deficits in phonological tasks (e.g. rapid naming, and nonword 

reading/repetition), reading speed, and written expression/structure (Bruck, 1992; J. Hatcher 

et al., 2002; Jones et al., 2010; Ramus & Szenkovits, 2008; Shaywitz et al., 1998). It should 

be noted that despite these reading deficits, individuals with dyslexia have unimpaired 

semantic processing skills, and can use their semantic abilities to boost their phonological 

skills (Snowling, 2000; van Rijthoven et al., 2018).  

 

1.4.1. Theories of Dyslexia 

 The Phonological Deficit Hypothesis 

There are a number of theories regarding the underlying cause of dyslexia (cf. 

Vellutino, Fletcher, Snowling, & Scanlon, 2004 for an overview), though the most widely 

accepted is the Phonological Deficit Hypothesis. This posits that dyslexia may be best 

described as a core phonological deficit, resulting from degraded phonological 

representations (Snowling, 1998; Snowling, 2000; Stanovich, 1988; Snowling & Nation, 

1997). These poor representations of speech sounds lead to difficulty in learning grapheme-

phoneme correspondences, and therefore to decoding problems (Ramus et al., 2003; 

Snowling, 2000; Vellutino & Fletcher, 2008). There are three main dimensions of the 

phonological deficit in dyslexia, namely problems with phoneme awareness, verbal short-

term memory, and lexical retrieval (Mengisidou & Marshall, 2019; Ramus & Szenkovits, 

2008; Vellutino et al., 2004; Wagner & Torgesen, 1987). These three skills can be considered 

the cognitive foundations for successfully learning to read, and appear to be causally related 

to reading impairments in dyslexia (Hulme & Snowling, 2015).  

Phonological awareness is the ability to make judgements about, or manipulate 

phonemes in words/nonwords (L. Bradley & Bryant, 1983; Hulme & Snowling, 2015; 

Melby-Lervåg et al., 2012). Both children, and compensated adults with dyslexia perform 
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poorly on measures of phonological awareness such as phoneme deletion tasks (Bruck, 1992; 

Lyon, Shaywitz, & Shaywitz, 2003; Pennington, van Orden, Smith, Green, & Haith, 1990; 

Snowling, Nation, Moxham, Gallagher, & Frith, 1997; Wilson & Lesaux, 2001;Vellutino et 

al., 2004; Felton, Naylor, & Wood, 1990). Phonological awareness is a strong predictor of 

future reading ability, and interventions focused on improving phonological awareness are 

beneficial for reading (L. Bradley & Bryant, 1983; Elbro & Petersen, 2004; Foorman et al., 

1998; P. Hatcher et al., 1994; Melby-Lervåg et al., 2012; Schneider et al., 2000; Torgesen, 

2005; Torgesen, Wagner, Rashotte, et al., 1999; Vellutino et al., 2004; Wise et al., 1999). 

This appears to support the idea that phonological awareness has a causal role in reading 

impairments in dyslexia (Vellutino et al., 2004).  

Despite the strong evidence in support of the phonological deficit theory, it has been 

heavily criticised. Firstly, not all individuals with dyslexia display a phonological deficit 

(Castles & Coltheart, 1993; Pennington et al., 2012; Peterson et al., 2014; Stein, 2019). 

Secondly, readers with dyslexia perform within normal parameters on tasks that rely on 

strong phonological representations, which contradicts the predictions of Phonological 

Deficit Hypothesis (Ramus, 2001a; Ramus & Ahissar, 2012; Ramus & Szenkovits, 2008). 

Finally, readers with dyslexia also display a range of low-level visual, motor, and attentional 

deficits, which are not accounted for by this theory (Harries et al., 2015; Klein, 2002; Ramus 

& Ahissar, 2012; Stein, 2019; Vellutino et al., 2004). Proponents of the phonological 

hypothesis consider these deficits as potential markers for dyslexia, when they co-occur with 

phonological deficits, but do not see them as core features of the aetiology (Ramus et al., 

2003; Snowling, 2000). Some critics of the phonological hypothesis also hold that the logic 

underlying the hypothesis is tautologous, and not explanatory (Stein, 2019). They state that as 

decoding is what underlies successful reading, describing dyslexia as a deficit in this ability is 

not helpful as it does not explain why the deficit exists (Stein, 2018, 2019). 
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I will now give a brief overview of some relevant alternative theories that have been 

proposed in order to address these criticisms.  

 

Deficient Phonological Access Hypothesis 

 This hypothesis aimed to address one of the main criticisms of the phonological 

deficit hypothesis. Namely, if phonological representations are degraded or ‘fuzzy’ in 

individuals with dyslexia, why do they perform normally on tasks relying strongly on these 

representations (Ramus, 2001a; Ramus & Ahissar, 2012; Ramus & Szenkovits, 2008). The 

three dimensions of the phonological deficit in dyslexia (phoneme awareness, verbal short-

term memory, and lexical retrieval) all involve accessing phonological representations 

(Ramus & Szenkovits, 2008; Vellutino et al., 2004). Ramus & Szenkovits (2008) state that 

despite phonological representations being at the centre of these deficits, it does not 

necessarily follow the representations themselves are degraded. They posit that readers with 

dyslexia have normal phonological representations, but that phonological access is impaired 

under certain task demands. Namely tasks that require quick phonological access, have a high 

working memory load, or require overt manipulation of phonemes (Mengisidou & Marshall, 

2019; Ramus & Szenkovits, 2008). Evidence for this interpretation comes from experiments 

in which participants with dyslexia were only impaired on phonological tasks if working 

memory was taxed or fast responses were required and not in tasks that directly assess 

phonological representations (Boets et al., 2013; Dickie et al., 2013; Mengisidou & Marshall, 

2019; Ramus et al., 2013; Ramus & Szenkovits, 2008; Soroli et al., 2010; Szenkovits et al., 

2016).  
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The Phonological Recoding Self-Teaching Hypothesis 

 The phonological recoding self-teaching hypothesis (PRST) posits that during typical 

reading development readers gain word-specific orthographic representations through ‘self-

teaching’ opportunities, wherein they phonologically recode new words (Share, 1995, 1999). 

Phonological recoding refers to the ability to translate written letters into speech sounds 

(Share, 1999). For readers with dyslexia this hypothesis posits that they have an impairment 

in phonological recoding that disrupts their ability to develop an autonomous orthographic 

lexicon (Jones et al., 2016; Share, 1995). For typical readers, repeated exposures strengthen 

these orthographic representations, but due to compromised neural links in the formation of 

visual-orthographic and phonological bindings, dyslexic readers build less well-specified 

orthographic representations than typical readers do (Ehri, 2005b, 2005a; Ehri & Saltmarsh, 

1995; Jones et al., 2016).  

 

Sensory and Attentional Theories 

A number of theories have attempted to account for the presence of sensory and 

attentional deficits in individuals with dyslexia. The major theories in this vein originally 

focused on dysfunction in rapid auditory (cf. the auditory deficit hypothesis; Tallal, 1980) or 

visual perception (Livingstone et al., 1991; Lovegrove et al., 1980), or in visuo-spatial 

attention (Vidyasagar & Pammer, 2010). Visual theories mostly relate visual deficits to 

dysfunction of the magnocellular system (Livingstone et al., 1991; Milner & Goodale, 2008; 

Vidyasagar & Pammer, 2010). Recent formulations of the magnocellular theory of dyslexia 

have conceptualised sensory deficits as being due to impairment in temporal processing of 

sequences, regardless of modality (Stein, 2019).  
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Magnocellular theory 

Difficulty in sequencing auditory (speech sounds) and visual (letters in words) inputs 

has been proposed as an underlying sensory cause for reading difficulties in dyslexia (Stein, 

2019; Stein & Walsh, 1997; Vidyasagar & Pammer, 2010). The magnocellular theory posits 

that dyslexia is caused by impaired development of the magnocellular (or transient) system in 

the brain (Stein, 2019; Vidyasagar, 2013). This is one of two parallel visual processing 

streams, and the magnocellular neurons within it are sensitive to movement and rapid 

changes in the visual field (Stein, 2019; Vellutino & Fletcher, 2008). This system is active 

during saccades in reading, and has been shown to be vital for sequential visual attention 

(Stein, 2019; Vellutino & Fletcher, 2008; Vidyasagar, 2013). The dorsal visual processing 

stream has many magnocells, and as such is also known as the magnocellular-dorsal (M-D) 

attention stream (Stein, 2019). There is an analogous transient system for auditory 

processing, which functions in much the same way (Stein, 2019).  

There is a large body of evidence suggesting that the development of this system is 

impaired in individuals with dyslexia (Cornelissen et al., 1998; Eden et al., 1996; Livingstone 

et al., 1991; Lovegrove et al., 1980; Stein, 2018, 2019). This is thought to impact reading in 

these individuals in the following ways; 1) Slower identification and sequencing of letters, as 

the M-D system normally facilitates this through focusing ventral stream attention to the 

letters, and sequencing them (Giraldo-Chica et al., 2015; Howard et al., 2006; Jednoróg et al., 

2011; Ozernov-Palchik et al., 2017; Stein, 2019; Stein & Walsh, 1997; Vidyasagar & 

Pammer, 2010). 2) Less stable fixations, and impaired eye convergence during reading, 

leading to the illusory appearance of words/letters moving around (visual stress) or seeing 

double (diplopia) (Bucci et al., 2008; Singleton & Henderson, 2007; Singleton & Trotter, 

2005; Stein, 2019). 3) Difficulty in directing visual attention to a specific word in the context 

of ‘crowded’ sentence, leading to slower and less accurate reading (Gori & Facoetti, 2015; 
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Martelli et al., 2009; Stein, 2019; Zorzi et al., 2012). 4) Similarly visual/auditory cross-cueing 

of attention is impaired, which interferes with the learning of grapheme-phoneme 

correspondences, necessary for decoding in reading (Gabrieli & Norton, 2012; Hahn et al., 

2014; Harrar et al., 2014; Ruffino et al., 2014; Stein, 2019).      

The main criticisms of this theory related to the lack of consistency with which 

studies find auditory or visual deficits in individuals with dyslexia, with approximately one 

third of individuals with dyslexia showing these sensory impairments (Ramus, 2001b; Ramus 

et al., 2003; Share et al., 2002; Tallal, 1980). Also, studies which use similar methodologies 

to pinpoint magnocellular deficits find inconsistent results (Ben-Yehudah et al., 2001; 

Borsting et al., 1996; Spinelli et al., 1997). Additionally, sensory deficits, when shown, 

extend to stimuli that do not rely on the magnocellular system, which casts doubt on the 

causal role of magnocellular dysfunction (Amitay et al., 2002, 2003; Farrag et al., 2002; 

Ramus, 2001b; Ramus et al., 2003; Skottun, 2000). Proponents of this theory acknowledge 

that magnocellular dysfunction is therefore highly unlikely to be the sole cause of dyslexia 

(Stein, 2019). 

 

Sluggish attentional shifting hypothesis  

Attention also appears to have an important role to play in phonological recoding, 

reading ability, and fluency, and some researchers suggest that may have a causal role in 

reading impairment (Hari & Renvall, 2001; Shaywitz & Shaywitz, 2008). The Sluggish 

Attentional Shifting (SAS) hypothesis attempts to account for the impaired processing of 

rapid stimulus sequences in readers with dyslexia as an attentional deficit (Hari & Renvall, 

2001; Lallier et al., 2010; Stoet et al., 2007). This builds on the suppositions of the 

magnocellular theory that parietal lobe dysfunction leads to deficits in attention, which 

therefore interferes with rapid temporal processing (Hari & Renvall, 2001; Lallier et al., 
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2010; Stein, 2019; Stein & Walsh, 1997). Proponents of this viewpoint acknowledge that 

deficits may be present due to magnocellular dysfunction, but propose an independent role of 

attention as the core deficit in dyslexia (Hari & Renvall, 2001). The SAS posits that 

individuals with dyslexia are significantly delayed at switching their attentional focus (i.e. at 

disengaging from one stimulus and engaging with a new one), when stimuli are presented in a 

rapid sequence (Hari & Renvall, 2001). This results in individuals with dyslexia having a 

longer ‘cognitive window’ or ‘input chunk’ (i.e. time taken to process information) than 

typical readers (Hari & Renvall, 2001). As such, the sequence of events within this cognitive 

window is easily confused (Hari & Renvall, 2001). This atypical perception of rapid 

sequences leads to speech segmentation and letter scanning impairments, which may underlie 

deficient grapheme-phoneme representations and phonological awareness in individuals with 

dyslexia (Blomert, 2011; Hari & Renvall, 2001; Krause, 2015; Lallier et al., 2010, 2013).  

Behavioural studies have shown that participants with dyslexia have slower covert 

attentional orientating to both visual and auditory stimuli (Facoetti et al., 2005, 2010; Krause, 

2015). Facoetti et al. (2010) found that phonological decoding ability correlated with the 

time-course of spatial attention for readers with dyslexia, in both domains. This supports the 

notion of sluggish attention underlying reading deficits (Facoetti et al., 2010). Evidence in 

favour of SAS, also comes from the consistent finding that readers with dyslexia have 

stimulus stream integration and segregation deficits (Helenius et al., 1999; Krause, 2015; 

Lallier et al., 2010; Ouimet & Balaban, 2010). Further support for this hypothesis comes from 

the finding that individuals with dyslexia having a longer attentional blink than typical 

readers (Hari & Renvall, 2001; Lallier et al., 2010). They also show perceptual-level 

attentional shifting deficits, but are not impaired on task-switching, which lends support to 

the notion that magnocellular deficits may be involved in the visual attention deficits found 

(Doyle et al., 2018; Lallier et al., 2010; Stoet et al., 2007). Recent evidence has shown that 
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inhibition deficits in children with dyslexia are predictive of reading ability, and do not differ 

between children with/without comorbid ADHD (Doyle et al., 2018; Lonergan et al., 2019). 

Critics of this theory focus on the fact that individuals may have attentional deficits in the 

absence of reading deficits, which suggests that attentional deficits are not sufficient to cause 

dyslexia (Ahissar, 2007).  

 

Anchoring-deficit hypothesis 

Another alternative theory as to the core deficit in dyslexia is the anchoring deficit 

hypothesis; which states that people with dyslexia have perceptual problems that affect the 

efficiency of working memory, that are due to failing to create a perceptual anchor when 

repeatedly presented with a stimulus (Ahissar, 2007; Ahissar et al., 2006; Oganian & Ahissar, 

2012; Willburger & Landerl, 2010). For typical readers, stimuli which are repeated become 

perceptual anchors, which helps them to make stronger predictions about upcoming stimuli 

(Ahissar, 2007; Ahissar et al., 2006). Participants with dyslexia however, are less efficient at 

detecting regularities in perceptual input, including written word repetitions (Ahissar, 2007; 

Oganian & Ahissar, 2012). This leads to them to rely less on predictions and instead are more 

likely to make inferences based on each individual stimulus/set in isolation (Ahissar, 2007; 

Jones, Kuipers, Nugent, Miley, & Oppenheim, 2018; Oganian & Ahissar, 2012). This 

hypothesis also posits that, contrary to the predictions of SAS, individuals with dyslexia do 

not suffer from top-down attentional deficits (Ahissar, 2007). Instead, their bottom-up 

attentional mechanisms are impeded, as they cannot strategically focus attention based on 

implicit predictions built from stimulus repetition in the same way that typical readers do 

(Ahissar, 2007). Poor anchoring may also impede the efficient learning of phonological 

regularities in a language (Oganian & Ahissar, 2012). This relationship is thought to be 

reciprocal, in that anchoring may be important for learning regularities and that once the 
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regularities of a language are learned they are easier to then anchor to, which aids in the 

fluent reading of regular words and non-words (Oganian & Ahissar, 2012).  

Similar to the SAS, proponents of this theory highlight readers with dyslexia having a 

longer attentional blink (Ahissar, 2007; Hari & Renvall, 2001). As attentional blink protocols 

tend to repeat stimuli, longer processing time for individuals with dyslexia may reflect an 

impaired perceptual anchor as opposed to top-down attentional deficits, as suggested by 

proponents of the SAS (Ahissar, 2007; Hari & Renvall, 2001; Lallier et al., 2010). In support 

of this proposal, participants with dyslexia are relatively poor at discriminating target stimuli, 

which are presented in the context of a reference that is repeated across trials, as opposed to 

when a new reference is used for each trial (Ahissar et al., 2006). This effect has been shown 

using auditory, visual, and linguistic stimuli (Ahissar, 2007; Ahissar et al., 2006; Oganian & 

Ahissar, 2012). However, more nuanced conclusions were derived from a study in which 

poor readers were split by attentional ability: only those who had both reading and attentional 

deficits showed an anchoring deficit (Willburger & Landerl, 2010).  

Behavioural and ERP studies have also shown that individuals with dyslexia are 

impaired in detecting statistical regularities from perceptual input, due to faster decay of their 

implicit memory for preceding stimuli (Gabay et al., 2015; Jaffe-Dax et al., 2015, 2016, 

2017; Jones et al., 2018). Computational models have since been developed to complement 

the human data, suggesting that dyslexia involves impaired statistical learning based on a 

fundamental anchoring deficit (Jaffe-Dax et al., 2015).  

 

1.4.2. Concluding Remarks on Dyslexia  

This section presented a brief overview of the most prominent causal theories of dyslexia. 

There is clearly no current consensus as to the cause or core deficit, but all theories agree that 

impaired phonological processing is a key manifestation of dyslexia (if not its underlying 
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cause). As such, testing this population for RQ2 will enable us to investigate how 

phonological repetition impacts semantic processing, and attentional engagement in readers 

with impaired grapheme-phoneme mappings. Given what we know about dyslexia, it seems 

likely that phonological repetition will not influence semantic processing in the same way 

that it does for typical readers. If, however phonological repetition leads to a boost in 

attentional engagement (RQ1), then this may aid semantic processing for readers with 

dyslexia via a top-down attentional boost. 

 

1.5. How does the relationship between sound and meaning affect memory? 

Experiment 4 of this thesis will address RQ3 which examined the mnemonic effects of 

alliteration. Literary theorists hold that poetic devices involving phonological repetition (e.g. 

rhyme, alliteration) have mnemonic properties (Fabb, 2010; Rubin, 1995), but there is as yet 

scant empirical evidence to support this supposition. In Experiment 4, we will utilize neural 

correlates of recognition memory in order to investigate whether participants are better able 

to recognize alliterating than non-alliterating items. We will also investigate how semantic 

congruency affects this relationship (in line with the preceding three experiments). Indeed, 

previous research utilizing behavioural methods and ERP Old/New effects has suggested that 

semantic congruency can enhance recognition (Desaunay et al., 2017; Dougal & Rotello, 

2007). The following section provides a brief overview of our current understanding of 

recognition memory, which will be helpful in guiding the hypotheses and interpretation for 

Experiment 4. Once again, the work reviewed serves as a framework for Experiment 4, but 

we are not directly testing or comparing the theories outlined below.  
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1.5.1. Theories of Recognition Memory 

Single-process models of recognition memory 

Recognition refers to the judgement that a stimulus has been previously encountered 

(Rugg & Curran, 2007). Single-process models of recognition memory assume that such 

recognition judgements are based on one type of mnemonic information, usually (but not 

always) item familiarity (Heathcote et al., 2006; Rugg & Curran, 2007; Wixted, 2007). 

Familiarity is defined as the item’s similarity to the contents of the individual’s memory 

(Heathcote et al., 2006; Rotello & Heit, 1999). An item that is the same as a previously 

encountered stimulus will be highly familiar and recognizable (Heathcote et al., 2006; Rotello 

& Heit, 1999). Familiarity in recognition memory is defined as the memory strength of an 

item, and it gives continuous quantitative – but no qualitative – information about an item 

(Heathcote et al., 2006; Wixted, 2007). This means that the decision as to whether an item 

has been previously encountered or not is solely based on the strength of the items memory 

signal (Heathcote et al., 2006; Wixted, 2007). 

Single-process models are often linked to signal detection theory, discussed further 

below (Wixted, 2007). However, single-process accounts of recognition memory are unable 

to account for participants’ ability to actively recall a previous encounter with an item (Diana 

et al., 2006). Recent formulations of single-process theories have attempted to address this 

weakness, stating that recollection may occur in some instances, but underscoring its 

independence from recognition judgements (Diana et al., 2006). Whilst there is still some 

debate in the literature regarding how exactly recognition judgements are made, the majority 

of recent experimental studies are based on the assumption of a dual-process account, in 

which recognition is thought to be based on both familiarity and recollection (Diana et al., 

2006; Rugg & Curran, 2007; Yonelinas, 2002; Yonelinas et al., 2010). As mentioned 

previously, single process theories of recognition memory are often linked to signal detection 
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theory (SDT). In such formulations’ familiarity is thought of as the signal which is being 

detected during recognition tasks. SDT will now be outlined in some detail below, along with 

the ways in which it relates to recognition memory. 

 

Signal Detection Theory (SDT) 

SDT is a quantitative theoretical framework in which to consider individuals’ 

discrimination of two stimulus types. In the context of recognition memory, these stimulus 

types would comprise previously seen and new items (Stanislaw & Todorov, 1999). SDT 

posits that recognition memory decisions are based on memory signal strength, in relation to 

a decision criterion, which is only known to the participant (Stanislaw & Todorov, 1999; 

Wixted, 2007). Under this theory, recognition judgements consist of ‘signal’ (old) trials and 

‘noise’ (new/lure) trials, and the decision criterion is based on a certain level of memory 

strength / familiarity. According to SDT, participant responses are influenced by a 

combination of sensitivity to detect signal (d’) and their decision criterion (c). If a 

participants’ decision criterion is appropriate, and they are sensitive to the presence of the 

signal, then they will be able to detect signal from noise reliably (Stanislaw & Todorov, 

1999). This will however be affected by the difference in familiarity of the different items 

(both old and new). Additionally, the decision criterion may be influenced by factors such as 

changes in participants’ attention (Stanislaw & Todorov, 1999).  

 The SDT view of participants’ decision making in recognition tasks is outlined in 

Figure 3 below. Participants’ decision criterion is on the x axis, with the probability of an 

‘Old’ response on the y axis. In the example shown in Figure 3, participants make an ‘Old’ 

response when a criterion of 0.5 is reached. If the participant had a more liberal response 

bias, then their decision criterion would be further to the left in this example. This would 
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increase both their proportion of hits, and their proportion of false alarms. Conversely, a more 

conservative response bias would lead to fewer false alarms, but also fewer hits. 

 

Figure 3: Example distribution adapted from Stanislaw & Todorov (1999), illustrating the 

decision variable across signal and noise trials, with d’ and c. The hit rate is shown as the 

proportion of the signal distribution that exceeds the criterion, and the false alarm rate as the 

proportion of the noise distribution which does. Shaded area represents situations when 

participants would respond that they had previously seen an item. 

 

SDT was originally considered compatible only with single-process accounts of 

recognition memory, given its assumption that quantitative memory signal strength (or 

familiarity) drives recognition judgements (Stanislaw & Todorov, 1999; Wixted, 2007). 

However, researchers have recently attempted to reconcile the signal detection view with 

dual-processing theories (Wixted, 2007; Yonelinas et al., 2010). 
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Dual-process theories of recognition memory 

Dual-process theories of recognition memory are based on the assertion that 

recognition of a previously encountered stimulus is in fact based on two dissociable 

processes; familiarity and recollection (Jacoby, 1991; Mandler, 1980; Yonelinas, 2002; 

Yonelinas et al., 2010). A commonly used example which illustrates how these processes 

function is the butcher-on-the-bus example (cf. Mandler, 1980; Yovel & Paller, 2004). In this 

example you are asked to imagine that you see a person on the bus and realise that you know 

them from somewhere but are unsure as to who they are. This experience indicates face 

recognition driven by a strong sense of familiarity as the source of the memory remains 

unknown (Mandler, 1980; Yovel & Paller, 2004). You then try to recollect who they are and 

how you know them. Are they famous? Or an old friend? This reflects a retrieval process 

whereby individuals attempt to use context in order to remember the source of recognition. 

Finally, you realise that the man is in fact your butcher, whom you did not initially recognize 

outside of his usual context.  

Recognition of the mans’ true identity reflects recollection, wherein an individual 

actively remember who the person is, and the context through which they know them 

(Mandler, 1980; Yovel & Paller, 2004). Recollection is based on an active memory retrieval 

process whereby the present instance of a stimulus (in this case the butcher) is matched with 

previous memories (Mandler, 1980; Yonelinas, 2002; Yonelinas et al., 2010; Yovel & Paller, 

2004). This type of recollection is also thought to underpin recall (Yonelinas et al., 2010). As 

illustrated in the above example, both familiarity and recollection have unique contributions 

to recognition (Mandler, 1980; Paller et al., 2007; Yonelinas, 2002). Familiarity is thought to 

be the faster of the two processes, but with the trade-off being that there is less information 

available (Rugg & Curran, 2007; Yonelinas et al., 2010). Dual-process models posit that 

whilst these two processes are dissociable and may occur independently of each other, they 
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often co-occur and have an additive effect in aiding recognition (Mandler, 1980; Yonelinas, 

2002).  

 

The Dual Process Signal Detection Model (DPSD) 

The dual-process signal detection model (DPSD) is a recent quantitative formulation 

of a dual-process theory, which attempts to account for a wide breadth of recognition study 

findings, both behavioural and ERP, and to reconcile dual-process theories and SDT (Wixted, 

2007; Yonelinas et al., 2010). As the most recent and prominent of these theories, the DPSD 

has been applied as the theoretical framework for a number of electrophysiological studies, 

and will be the basis for the memory research in this thesis also (Dougal & Rotello, 2007; 

Rugg & Curran, 2007; Wixted, 2007; Yonelinas et al., 2010). The DPSD builds on previous 

formulations of dual-process theories by incorporating signal detection theory (SDT).  

According to DPSD, familiarity may be conceptualised via signal detection, with 

every item giving off a memory signal (Wixted, 2007; Yonelinas et al., 2010). The strength 

of this memory signal informs how familiar we find an item, and recognition occurs when a 

very strong familiarity signal is present, i.e. when it reaches the criterion (Wixted, 2007; 

Yonelinas et al., 2010). This is also the proposed mechanism through which false alarms 

(where a new item is falsely identified as being recognized) are thought to occur (Wixted, 

2007; Yonelinas et al., 2010). Under DPSD familiarity is thought to lead to accurate 

associative and source recognition judgements, also under certain circumstances (Yonelinas 

et al., 2010).  

Recollection on the other hand is conceptualised as a threshold retrieval process 

(Wixted, 2007; Yonelinas et al., 2010). In contrast with familiarity, which exists on a 

continuum, items are either recollected or they are not. This is the key difference between 
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SDT and DPSD, since single-process theories do not account for such a threshold-dependent 

process (Diana et al., 2006; Stanislaw & Todorov, 1999; Yonelinas et al., 2010). An old item 

that reaches the recollection threshold is a hit, whereas an old item that does not is a miss. 

Recollection does not account for false alarms, since contextual information can only be 

recalled for previously seen items (Yonelinas et al., 2010). This is often described as the 

qualitative aspect of recognition memory (Wilding, 2000; Wilding et al., 1995; Wixted, 2007; 

Yonelinas, 2002; Yonelinas et al., 2010). Familiarity and recollection are each indexed by 

distinct ERP components, which will be outlined in some detail in the next chapter (Curran, 

2000; Luck, 2014; Rugg & Curran, 2007; Wilding & Ranganath, 2012; Yonelinas, 2001).   

 

Brain regions supporting familiarity and recollection 

Under the DPSD account, recollection – the process of creating and retrieving 

associations in memory – is subserved by the hippocampus (M. W. Brown & Aggleton, 2001; 

Yonelinas, 2002; Yonelinas et al., 2002, 2010). Familiarity, however, is thought to be 

dependent on middle temporal lobe (MTL) regions surrounding the hippocampus, and to 

reflect repeated neural processing (M. W. Brown & Aggleton, 2001; Yonelinas, 2002; 

Yonelinas et al., 2002, 2010). Supporting evidence comes from lesion studies showing that 

recollection (but not familiarity) is impaired with hippocampal damage (Fortin et al., 2004; 

Yonelinas et al., 2002), and from fMRI studies showing under-activation of the hippocampus 

with impaired recollection (Heckers et al., 1998). Additionally, many fMRI studies have 

shown that the hippocampus is predominantly active during recollection, but not familiarity 

(Eichenbaum et al., 2007; Skinner & Fernandes, 2007; Yonelinas et al., 2010).  

Similarly, other studies have shown that when patients have MTL lesions (specifically 

in the perirhinal cortex), but their hippocampus is spared, they are impaired for familiarity, 
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but have spared recollection abilities (Bowles et al., 2007; Yonelinas et al., 2002). Event-

related fMRI has also indicated that encoding-related activity in the rhinal cortex can predict 

familiarity based recollection, whereas hippocampal and posterior parahippocampal encoding 

related activity predicts recollection-based recognition (Ranganath et al., 2004). These studies 

suggest a functional dissociation whereby the hippocampus is mainly responsible for 

recollection, and the rhinal and perirhinal cortex is implicated in familiarity (Bowles et al., 

2007; M. W. Brown & Aggleton, 2001; Fortin et al., 2004; Haskins et al., 2008; Heckers et 

al., 1998; Ranganath et al., 2004; Yonelinas et al., 2002, 2010).  

However, an alternative account suggests that these studies conflate recollection with 

memory strength, suggesting that stronger memories recruit more hippocampal activity than 

weaker memories (C. N. Smith et al., 2011; Wais et al., 2006, 2009). Recollection tends to be 

accompanied by higher confidence memory judgements and greater accuracy (Yonelinas et 

al., 2010), and as such they suggest that what has been called recognition-specific activation 

in the literature, may in fact be a by-product of these memories being stronger (C. N. Smith et 

al., 2011; Wais et al., 2006, 2009). Support for this interpretation comes from fMRI studies, 

which show familiarity-related hippocampal activation during old-new memory judgements, 

when confidence ratings were high for familiarity-based judgements (C. N. Smith et al., 

2011; Wais et al., 2009). This view is also supported by lesion studies, which suggest that 

both recollection and familiarity are impaired when the hippocampus is damaged (Manns et 

al., 2003; Wixted & Squire, 2004). 

Additionally, there is evidence that the prefrontal cortex (PFC) is important for 

recognition memory, both during encoding and retrieval (Yonelinas, 2002; Yonelinas et al., 

2010). Some have argued that the PFC is involved mainly in recollection (Janowsky et al., 

1989; Wheeler et al., 1997; Wheeler & Stuss, 2003). This view has been supported by lesion 

studies, which show that recall is more impaired with PFC damage than recognition (Farovik 
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et al., 2008; Wheeler et al., 1995, 1997), and that source memory deficits are worse than item 

recognition tests for these patients (Janowsky et al., 1989; Shimamura et al., 1990). Although 

another study suggests that the recall impairment may be driven by participants whose 

pathologies extend to the MTL (Kopelman et al., 2007). Conversely, other lesions studies 

have shown that either familiarity is impaired, and recollection is intact (Aly et al., 2011), or 

that both familiarity and recollection are impaired (Duarte et al., 2005; Kishiyama et al., 

2009; MacPherson et al., 2008) when the PFC is damaged. TMS studies have indicated that 

disrupting the PFC led to impairment for both recollection and familiarity, but only during 

encoding, as stimulation during retrieval had no effect (Turriziani et al., 2008, 2010; 

Yonelinas et al., 2010). This is contrary to the neuroimaging literature, which typically 

suggests that the PFC is active during both retrieval and encoding, and again that is important 

for both recollection- and familiarity-based recognition (Blumenfeld & Ranganath, 2007; 

Dobbins et al., 2004; Henson et al., 2000; Yonelinas et al., 2005, 2010). Though there are 

also fMRI studies which suggest that the PFC is only active during recollection (Kahn et al., 

2004). Overall while there is no clear consensus on the precise role of the PFC in recognition 

memory, it seems apparent that it is does indeed play a role, and it does not seem likely that it 

is specific to either recollection or familiarity (Yonelinas et al., 2010).  

 

1.5.2. Concluding Remarks on Recognition Memory 

Here I have given a brief overview of some of the most prominent theories regarding 

recognition memory. This overview is not exhaustive, as the literature on this area is vast, and 

outside of the remit of this thesis. Indeed, there are many variants of both single-process and 

dual-process theories, which have not been discussed. However, electrophysiological 

research on this topic is commonly aligned to some form of dual-process theory (Addante et 
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al., 2012; Curran, 2000; Curran & Friedman, 2004; Desaunay et al., 2017; Rugg & Curran, 

2007; Wilding & Ranganath, 2012). As such, the DPSD will be the theoretical framework for 

Experiment 4, with classic SDT methods being used to investigate the effects of alliteration 

on recognition memory and response bias. The use of ERP Old/New effects will allow us to 

investigate to what extent mnemonic properties of alliteration effect either familiarity or 

recollection, addressing RQ3. 

 

1.6. Chapter Summary 

In this chapter, I outlined the primary theoretical concerns of my thesis, and the ensuing 

research questions. Neurocognitive poetics is a relatively new field, which has of yet been 

primarily focused on the effects of stylistic techniques within the context of poetry. This 

thesis aims to go beyond this approach and investigate the neurocognitive effects of 

alliteration outside of the biasing context of poetry. As such, I refer throughout not only to the 

extant research in this field, but also to relevant theorising and research in other domains, 

notably cognitive neuroscience, and psycholinguistics. The primary aims of this thesis are to 

establish 1) how sound interacts with meaning in normally developed adult readers, 2) how 

this interaction may differ in poorer (dyslexic) readers, and 3) whether such stylistic 

manipulation of sounds experienced online latterly affect recognition of the linguistic content. 

In the next chapter, I outline the experimental design, and methodologies used in the 

experimental chapters. 
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Chapter 2 

Methodological Considerations 
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2.0. Chapter Overview 

This chapter describes and justifies the two principal methodologies used in the thesis. I will 

therefore outline how event related potentials (ERPs; Experiments 1, 2, and 4) and pupil 

dilation (PD; Experiments 1, 2, and 3) provide precise temporal indices of early cognitive and 

attentional processes, useful for addressing the research questions outlined at the end of the 

previous chapter. First, I briefly describe the rationale for the design of the stimuli. Following 

this, I describe the principles and main components of interest in ERP and PD measures, 

paying particular attention to the less-well established measure of PD. Detail of these implicit 

cognitive measures is then followed by a separate description of explicit behavioural 

measures (accuracy and reaction times). Finally, I will outline and briefly discuss the literacy 

and cognitive tests, which were administered in each of the experiments.  

 

2.1. Stimulus Design  

As outlined in the previous chapter, the central research questions in this thesis focus on the 

relationship between word form and meaning during silent reading. We therefore constructed 

word-pairs, corresponding to short adjective-noun phrases that were orthogonally 

manipulated across the dimensions of semantic congruency and alliteration.  

e.g. 

a. Dazzling – Diamond (Congruent – Alliterating) 

b. Sparkling –  Diamond (Congruent – Non-Alliterating) 

c. Dangerous – Diamond (Incongruent – Alliterating) 

d. Creepy  – Diamond (Incongruent – Non-Alliterating) 
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Semantic congruency was manipulated by presenting plausible and implausible adjective-

noun contingencies, in which the adjective (presented first, in isolation) altered the 

expectancy level – i.e., the congruency or incongruency – of the subsequent noun (presented 

second, also in isolation).  

Short phrases were chosen (rather than sentences, for example), in order to exert high 

levels of experimental control. Specifically, we were able to fully counterbalance all 

adjective and noun stimuli across the experimental session. The fact that all stimuli had 

equal probability of appearing in any given condition meant that lexical factors were fully 

controlled across conditions; a very important consideration, given that both ERPs and pupil 

dilations are highly susceptible to the perceptual and linguistic properties of lexical stimuli. 

This design also enabled us to examine the neurocognitive effects of alliteration on meaning 

comprehension without the biasing context of literary genre (Chen et al., 2016; Scheepers et 

al., 2013).  

The same set of stimuli were used for Experiments 1, 2, and 3 (see Appendix A). 

New stimuli were constructed for Experiment 4 (see Appendix B), though there is some 

overlap with the original stimulus set. Please note that for the stimuli used in Experiments 1, 

2, and 3 were 99.9% rotated, with 6 of the pairs not appearing in all conditions, due to the 

constraints of semantic congruency. 

 

2.2. Event Related Potentials (ERPs) 

Electroencephalography (EEG) reflects a continuous signal of electrical activity that is 

generated by postsynaptic potentials in the brain (Luck, 2014; Luck & Kappenman, 2012). 

For experimental purposes this signal is measured by electrodes, which are placed in pools of 

electroconductive gel on a participant’s scalp (Luck, 2014). ERPs consist of variations of the 
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voltage of this EEG waveform, time-locked to a stimulus of interest; in our experiments the 

noun in an adjective-noun phrase (Luck, 2014; Luck & Kappenman, 2012). Whilst some 

large ERPs can be seen from single trials, it is typical to average across many trials to 

improve the signal-to-noise ratio (Luck, 2014). From this averaged data, ERP components 

can be identified, with between-condition differences being ascertained via differences in 

voltage amplitude (Luck, 2014). 

 ERPs are an online, non-invasive measure of a participant’s implicit response to a 

stimulus (Luck, 2014). They also have very high temporal resolution, which allows for 

millisecond-level precision at identifying neural responses to a stimulus, and they often 

unveil responses which are not apparent at the behavioural level (Luck & Kappenman, 2012; 

Rugg, 1995). Several ERP components are known to index specific cognitive processes (e.g. 

the N170 component is specifically responsive to viewing faces), and as such are useful in 

investigating how different experimental manipulations affect these processes (Luck, 2014; 

Luck & Kappenman, 2012). 

Our experiments were specifically designed to elicit predictable modulations in mean 

amplitudes of the N400 component, and ERP old/new effects, which are discussed below.  

 

 The N400 

 The N400 component is a negative-going ERP, which occurs between 200 - 600ms 

post-stimulus onset, is maximal over centro-parietal electrodes, and is larger in response to 

semantic expectancy violations (Kutas & Federmeier, 2011; Luck, 2014; Swaab et al., 2012). 

This is the most researched language-related ERP component, and it is thought to be a 

reliable index of semantic integration, and words that are easier to integrate with the 

preceding context elicit a reduced-amplitude N400 (Luck, 2014; Swaab et al., 2012). A 
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typical experimental paradigm to elicit an N400 would involve highly semantically 

constraining sentences with an incongruent final word, e.g. 

“I take my coffee with cream and dog” (Kutas & Hillyard, 1980). 

The final word in this sentence should elicit a large N400 component as it is 

semantically incongruent with the preceding context (Luck, 2014), and the N400 is especially 

responsive to words in this final position (Kutas & Federmeier, 2011). N400 effects have 

reliably been shown in a variety of populations in both the visual and auditory domains, and 

are also elicited by non-linguistic stimuli such as pictures (Friedrich & Friederici, 2004; 

Kutas & Federmeier, 2011; Nigam et al., 1992; O’Rourke & Holcomb, 2002; Schulz et al., 

2008; Swaab et al., 2012; West & Holcomb, 2002) 

 Importantly for the research reported in this thesis, the N400 is also reliably elicited 

by semantically unrelated word-pairs, in which the second word does not make sense in the 

context of the first (Hinojosa et al., 2001; Holcomb & Neville, 1990; Kiefer et al., 1998; 

Silva-Pereyra et al., 1999). As you will note from section 2.1 above, the experimental 

manipulations (particularly the incongruency manipulation) reported in this thesis follow the 

logic and paradigms commonly used to elicit an N400 effect. We would therefore expect a 

larger N400 for our semantically incongruent word-pairs. In the context of linguistic stimuli, 

the N400 can be taken as an index of ease of semantic integration, with a greater N400 

indicating greater difficulty in comprehension (Kutas & Federmeier, 2011).  

 

 The ERP Old/New effect 

Having examined whether the inter-lexical manipulation of sound (alliteration) affects 

access to meaning (semantic integration) in Experiments 1, 2, and 3, Experiment 4 focused 

on whether alliteration also facilitates the consolidation and/or retention of phrasal 



42 

 

information in long-term memory. We therefore examined how our manipulations of 

semantic congruency and alliteration affect recognition, measured via the ERP Old/New 

effect (Curran, 2000). Dual-process theories of recognition memory posit that there are two 

separate processes that contribute to recognition memory: familiarity and recollection 

(Curran, 2000; Rugg & Curran, 2007; Yonelinas, 2001). As such, the Old/New effect is 

actually comprised of two distinct and functionally, temporally, and topographically 

dissociable ERP components: a) the midfrontal old-new effect (or FN400), and b) the left-

parietal old-new effect (or late positive component; LPC), both of which are named after their 

topography (Luck, 2014; Wilding & Ranganath, 2012). 

 The midfrontal old-new effect peaks between 300 - 500 ms post-stimulus onset and 

new (previously unseen) items typically elicit larger negativity compared with old items. This 

effect is thought to index familiarity (Addante et al., 2012; Curran, 2000), which is 

conceptually defined as “information that supports recognition in the absence of recollection” 

and operationally defined as strength of memory signal in the absence of context (Rugg & 

Curran, 2007; Wilding & Ranganath, 2012; Yonelinas et al., 2010).  

 The left-parietal old-new effect peaks between 400 - 800 ms post-stimulus onset and 

consists of a larger positive-going amplitude for old items compared to new ones. This effect 

is thought to index recollection, which indicates a conscious memory of having encountered 

the specific item previously, and of the context in which it was encountered (Addante et al., 

2012; Curran, 2000; Wilding & Ranganath, 2012). As such larger amplitudes are only seen 

for items which participants actively remember having seen (Addante et al., 2012; Curran, 

2000; Rugg & Curran, 2007). 
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2.3. Pupil Dilation 

Pupil dilation refers to expansion of the pupil in response to a stimulus, through contraction 

of the iris dilator muscle and relaxation of the iris sphincter muscle, which are controlled by 

the parasympathetic and sympathetic nervous systems respectively (Larsen & Waters, 2018; 

Mathôt, 2018). Pupillometry (the measurement of this dilation) has been used for over 50 

years as an implicit measure of the “intensity” of cognitive activity, specifically attentional 

allocation and perceptual consolidation (Laeng et al., 2012). Research using this method has 

mostly focused on pupil dilation increase as a function of either: 1) emotionally arousing 

stimuli and / or increased attention (M. M. Bradley et al., 2008; Hess et al., 1965; Hess & 

Polt, 1960; Partala & Surakka, 2003; Siegle et al., 2003; Wang et al., 2018), or 2) mental 

effort or executive load (e.g. Beatty, 1982; Beatty & Kahneman, 1966; Hess & Polt, 1964; 

Just & Carpenter, 1993; Kahneman & Beatty, 1966; Kang, Huffer, & Wheatley, 2014; Laeng, 

Ørbo, Holmlund, & Miozzo, 2011; Piquado, Isaacowitz, & Wingfield, 2010; Van Gerven, 

Paas, Van Merriënboer, & Schmidt, 2004; Zekveld, Heslenfeld, Johnsrude, Versfeld, & 

Kramer, 2014).  

 Neuroscience has intensified its focus on the biology and function of pupil dilation in 

recent years, particularly on the relationship between the locus coeruleus-noradrenergic (LC-

NA) system and pupil dilation (see Laeng et al., 2012; Larsen & Waters, 2018; Mathôt, 2018 

for reviews of the recent literature). The locus coeruleus (LC) is part of the pupil dilation 

pathway, and increased dilation has been shown to correlate with increased noradrenergic 

activity in this region (Joshi et al., 2016; Larsen & Waters, 2018; Mathôt, 2018; Reimer et al., 

2016). Broadly speaking the LC-NA system is involved in autonomic arousal, which directly 

affects wakefulness/sleep, focused attention, and sensory and memory processes3 (Aston-

 
3 We direct the interested reader to Adaptive gain theory (Aston-Jones & Cohen, 2005) for an extensive theory 

as to the role of LC-NA in behaviour. 
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Jones & Cohen, 2005; Berridge & Waterhouse, 2003). Pupil dilation also correlates with 

other measures of autonomic arousal such as heart rate, and the galvanic skin response (M. 

M. Bradley et al., 2008; Wang et al., 2018). It has also been linked to increased BOLD 

activity in the LC (Murphy et al., 2014).  

 There are three stimulus categories which cause the human pupil to dilate: luminance 

(the pupillary light response; PLR), fixations to objects or areas of the visual field that are 

closer to the eye (the pupillary near response: PNR), and cognitive factors (the psychosensory 

pupil response: PPR). I will briefly outline all measures below, before focusing on the PPR as 

our measure of interest in Experiments 1, 2, and 3. 

 

 The Pupillarly Light Response (PLR) 

 The PLR is perhaps the best-known pupil response, wherein the pupil constricts in 

response to bright light, and contracts in darkness (Mathôt, 2018). Proposed to be an 

evolutionarily adaptive tool, it increases visual acuity in difficult viewing conditions by 

increasing retinal illumination, and helps with visual sensitivity (Larsen & Waters, 2018; 

Mathôt, 2018; Mathôt & Van der Stigchel, 2015). The PLR was not a measure of interest in 

our experiments, yet it was crucial that we considered its impact on pupil size, since it had the 

potential to mask/distort the cognitively-driven changes in pupil size arising from the 

experimental manipulations. To control luminance, we took two precautionary measures: 1) 

Luminance in the testing room was kept constant across participants, and 2) all words 

presented were manipulated so that the size varied as a function of word length, i.e. longer 

words would be physically smaller (see Appendix C for an example). This systematic 

procedure ensured that each visual stimulus in the experiment (including the fixation / 
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response cues) contained the same number of pixels. Onscreen luminance therefore remained 

constant throughout the experiment.   

 

 The Pupillary Near Response (PNR) 

 In the PNR the pupil constricts in response to fixating a close stimulus, and it dilates 

when looking at a distant stimulus (Mathôt, 2018). The evolutionary purpose of this is 

thought to be to increase depth of field when viewing nearby objects (Mathôt, 2018). The 

pupillary near response was not manipulated in this thesis, and its influence as a potential 

confound was controlled by seating participants at a constant distance of 100 cm from the 

screen.  

 

 The Psychosensory Pupil Response (PPR)  

 The PPR refers to pupil dilation elicited by top-down, cognitive processes, which can 

be driven by both psychological and/or sensory stimuli (Laeng et al., 2012; Mathôt, 2018). 

The PPR is biphasic, and manifests in two distinct peaks of pupil dilation, which index 

separate cognitive processes (Kuipers & Thierry, 2011; Mathôt, 2018; Wetzel et al., 2016) 

and are outlined below.  

 

 The orienting response (peaks between 0.5 - 1 second post visual stimulus onset) 

 The pupillary orientating response is an involuntary, brief, and rapid reaction to a 

stimulus which has gained the participant’s attention (Mathôt, 2018; Wang & Munoz, 2015; 

Wetzel et al., 2016). The pupillary orienting response is controlled by the superior colliculus 

(Mathôt, 2018; Wang & Munoz, 2015). This response, at least in the context of most 
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experiments, is quite small compared to the other responses discussed here, and is 

particularly sensitive to unexpected, novel, and particularly salient stimuli (Friedman et al., 

1973; Mathôt, 2018; Wang & Munoz, 2015). The involuntary nature of this response is key, 

as distracting stimuli that are task-irrelevant (e.g. a sudden loud noise) capture attention and 

elicit this pupillary response (Wetzel et al., 2016).  

 

Dilation in response to higher level cognition (peaks between 1-2 seconds post 

stimulus onset)   

 This dilation typically follows the orienting response and is both later and slower to 

manifest. As outlined above, dilation in this time window is sensitive to the intensity of 

mental effort, and emotional or attentional engagement (M. M. Bradley et al., 2008; Kang et 

al., 2014; Laeng et al., 2012; Mathôt, 2018; Riese et al., 2014). Recent research has shown 

that dilation in this time window is also sensitive to more subtle cognitive effects (Laeng et 

al., 2012). For example, a number of studies have shown that semantic information can 

modulate this pupillary response (Laeng et al., 2011; Mathôt et al., 2017). In the field of 

neurocognitive poetics, dilation in this time-window has been used as a measure of 

attentional engagement during literary reading (Riese et al., 2014).  

 

2.4. Simultaneous Measurement and Correlation of Pupil Dilation and the N400 

Concurrent recordings of ERPs and pupil dilation have now been obtained and presented in 

several studies (Briesemeister et al., 2009; Kuipers & Thierry, 2011, 2013; Ledoux et al., 

2016). Advantages of this approach are that both measures are recorded from the same 

participants in response to the same stimuli, and as such the responses to the two stimuli – as 

indices of semantic and attention processes – can be compared. Previous research has shown 
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that reduced N400 amplitudes correlate with larger pupil dilation in the time-window for the 

attentional orientating response (Kuipers & Thierry, 2011; 2013). They specifically found 

that for monolingual adults, when N400 mean amplitude was larger (indexing greater 

difficulty with semantic integration), pupil dilation in the same time-window was smaller 

(Kuipers & Thierry, 2011). The authors interpret their results broadly as indicating that 

cortical arousal is lower when semantic integration is more effortful. 

 These results are interesting as they show that correlating the two measures lends 

insight into the relationship between semantic integration and attentional processes. However, 

for this thesis we were more interested in later pupillary effects than the pupillary orientating 

response, since we predicted that the effect of alliteration on pupil dilation would manifest at 

a time point reflecting attentional engagement and interest. To enable us to examine this 

relationship we ran a nonsynchronous correlation, wherein the mean activity from the N400 

time-window for each participant is correlated with each time-bin for pupil dilation. This 

ensured that potential correlations between semantic integration (the N400) and attentional 

engagement (the later PPR) could be investigated. By using this approach, any relationship 

between modulations of attentional allocation and semantic processing can be directly 

assessed.  

 

2.5. Behavioural Responses 

Whilst ERP and pupillary response measurement to stimuli is possible in the absence of an 

explicit task (Mathôt, 2018; Swaab et al., 2012), we decided to collect data on participants’ 

explicit judgement on whether word pairs were semantically related or not (specifically, 

whether the phrase ‘makes sense’). This task allowed us to examine and compare responses 

at the implicit and explicit levels, but it also ensured that participants conducted semantic-



48 

 

level processing of the items, and their continued engagement and focus over the course of 

the experiment. This in turn reduced alpha-contamination in the EEG signal (Luck, 2014). In 

general, we expected that participants would be less accurate in correctly verifying congruent 

items than in rejecting incongruent items (Boutonnet et al., 2014; Wu et al., 2011). Note that 

reaction times for the behavioural response were not analyzed in Experiments 1, 2, or 3, since 

participants were asked to make a delayed response. 

In Experiment 4, in which we examined the effect of alliteration on recognition, the 

judgement task described above was used in the encoding session. In the second session, we 

asked participants to make a binary judgement as to whether or not they had seen the word 

pair during the previous session. Given that explicit behavioural and implicit neural responses 

do not always converge, this strategy allowed us to examine at which point the effect of 

alliteration appeared, if at all. Specifically, whether recognition occurred in a way that was 

fully accessible to the participant – and therefore evidence in their behaviour – or only 

evidence in the neural signature.  

 

2.6. Background Literacy and Cognitive Measures 

A battery of literacy and cognitive measures were administered to all participants who took 

part in the experiments reported in this thesis. These tests were used to control and assess for 

differences in participant reading/cognitive profiles which may have affected lexical 

processing speed and responsivity/appreciation of sound-based features such as alliteration. 

As such, they provided potentially useful measures of covariance in our data, which is 

exemplified well in the case of failure to replicate certain effects between Experiments 1 and 

2. In the case of Experiment 2, these tasks ensured that the two reading groups – typically 

developed and developmentally dyslexic readers –were appropriately validated (similar IQ, 
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discrepant reading scores). Each test is outlined below, along with a short justification for its 

use. 

 

 2.6.1. Print exposure and subjective reading measures 

 Exposure to print and reading habits is a key determiner of reading ability (Stanovich, 

2009). Beyond testing readers of varying levels of skill (i.e. typically developed and dyslexic 

readers), we collected data on the habitual enjoyment of literature on the assumption that it 

may affect readers’ responses to poetic techniques (i.e. alliteration). 

 

 Author Recognition Test (ART) 

 The ART is an implicit measure of print exposure, wherein participants choose which 

authors they know out of a mixed list of authors from a variety of genres, and foils (Acheson 

et al., 2008; Stanovich & West, 1989). It was developed in order to avoid subjective biases 

related to socially desirable answers in self-report questionnaires relating to reading habits 

(Stanovich & West, 1989). The version used in this thesis was created by Acheson et al 

(2008), to include more contemporary authors and a larger number of items than in the 

original (see Appendix D for the task as it was given to participants). The ART is in no way 

an ideal measure of print exposure, however it seems to be the one that is most reliable and 

most frequently used for experiments relating to literary reading for adults (Arnold et al., 

2018; D. Kidd & Castano, 2013). 
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 Self-Report Reading Measure 

 The self-report reading measure used here were adapted from Acheson et al (2008). 

The questionnaire includes three sections: time spent reading, time spent writing, and 

comparative reading habits (including measures of reading enjoyment, and difficulty of 

reading materials). Participants were explicitly asked to base their answers to each of these 

sections on a typical week. Some phrasing was altered to make it more appropriate for 

university students in the UK rather than the USA (where the test was devised) and to avoid 

confusion (e.g. college was changed to university; see Appendix E for the task as it was 

given to participants).  

 

 2.6.2. Objective measures of reading ability  

 As Experiment 2 directly compared participants with dyslexia to typical readers it was 

important to have reading ability measures in order to objectively dissociate them from 

control participants. 

 

 Rapid Automatized Naming (RAN) 

The rapid digit naming, and rapid letter naming subtests from the Comprehensive Test 

of Phonological Processing (CTOPP; Wagner et al., 1999) were used in this thesis. These 

measure participants’ naming speed for numbers and letters respectively. Here, the 

experimenter records reaction time as participants name a display of numbers/letters, as 

quickly and accurately as possible. This gives an index of the participants’ rapid naming 

speed. Rapid naming refers to the ability to quickly retrieve a phonological code from 

memory, and is predictive of reading fluency (Lervåg & Hulme, 2009; Mitchell, 2001; Wolf 



51 

 

& Bowers, 1999). Participants with developmental dyslexia have longer naming times on this 

measure, though there is debate about the underlying mechanisms of this impairment 

(Denckla & Cutting, 1999; Jones et al., 2008, 2010; Mitchell, 2001).  

 

 Test of Word Reading efficiency (TOWRE) 

 The TOWRE (Torgesen, Wagner, & Rashotte, 1999) is a measure of sight reading 

efficiency (word reading task), and also of phonemic decoding efficiency (nonword reading 

task). In both tasks, participants are asked to read a list of words or non-words aloud as 

quickly and accurately as possible, and both accuracy and reaction times are recorded. Both 

adults and children with developmental dyslexia typically have impaired performance on 

these measures (Berninger et al., 2006).  

 

 2.6.3. Objective measures of IQ 

 Relevant subtests of the WASI were used as proxy measurements for participants’ 

verbal and non-verbal IQ. This data allowed us to ensure that all participants were within 

normal range on these measures. This is important, as 1) although reading ability has been 

shown to be dissociable from IQ (Cutting & Scarborough, 2006; Landi, 2010), we could not 

guarantee that it would not have a confounding effect on our results if there were differences 

between our experimental groups on this measure. 2) Individuals with dyslexia have normal 

IQ (Lyon et al., 2003), as such these measures were necessary to establish that our sample of 

dyslexic participants impairments’ were indeed reading specific. 3) to ensure that our results 

are generalizable to the population we aimed to study, i.e. typically developed young adults 

with no cognitive impairments.  
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 Matrix reasoning  

 The matrix reasoning subtest of the Wechsler Abbreviated Scale of Intelligence 

(WASI, Wechsler, 2011), is an index of nonverbal intelligence. For this task participants are 

presented with a series of incomplete patterns, and they had to choose which picture 

completed the pattern.  

 

 Vocabulary  

The vocabulary subtest of the WASI (Wechsler, 2011) is an estimate of verbal IQ. 

The experimenter read words aloud from a list, and the participant was asked to provide a 

definition for each word. Accuracy, which is defined as a precise definition of the word 

comprises the measure of interest, yielding a score of 2 (specific definition), 1 (vague 

definition), or 0 (inaccurate definition). 

 

2.7. Chapter Summary 

In this chapter, I outlined and justified the methods used to address the research questions 

posed in the previous chapter. The following four chapters are empirical chapters, in which 

each of the four experiments are presented in turn.  
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Chapter 3 

How Alliteration Enhances Conceptual-Attentional 

Interactions in Reading 
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Abstract 

In linguistics, the relationship between phonological word form and meaning is mostly 

considered arbitrary. Why, then, do literary authors traditionally craft sound relationships 

between words? We set out to characterise how dynamic interactions between word form and 

meaning may account for this literary practice. Here, we show that alliteration influences 

both meaning integration and attentional engagement during reading. We presented 

participants with adjective-noun phrases, having manipulated semantic relatedness 

(congruent, incongruent) and form repetition (alliterating, non-alliterating) orthogonally, as in 

“dazzling-diamond”; “sparkling-diamond”; “dangerous-diamond”; and “creepy-diamond”. 

Using simultaneous recording of event-related brain potentials and pupil dilation (PD), we 

establish that, whilst semantic incongruency increased N400 amplitude as expected, it 

reduced PD, an index of attentional engagement. Second, alliteration affected semantic 

evaluation of word pairs, since it reduced N400 amplitude even in the case of unrelated items 

(e.g., “dangerous-diamond”). Third, alliteration specifically boosted attentional engagement 

for related words (e.g., “dazzling-diamond”), as shown by a sustained negative correlation 

between N400 amplitudes and PD change after the window of lexical integration. Thus, 

alliteration strategically arouses attention during reading and when comprehension is 

challenged, phonological information helps readers link concepts beyond the level of literal 

semantics. Overall, our findings provide a tentative mechanism for the empowering effect of 

sound repetition in literary constructs. 
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The question as to whether the phonological form of a word has any bearing on its meaning 

has intrigued scholars for millennia (cf. Plato’s Cratylus, Sedley, 2003). Mainstream opinion 

in the language sciences advocates no such relationship, claiming instead that phonological 

forms are arbitrarily associated with semantic concepts (De Saussure, 2011; Gasser, 2004; 

Lupyan & Winter, 2018). Nevertheless, proponents of sound symbolism (i.e., iconicity in 

natural language) have advocated that a word’s phonology can and does reflect some of its 

semantic features, particularly in non-indoeuropean languages (cf. Asano et al., 2015; Kovic, 

Plunkett, & Westermann, 2010; Monaghan, Shillcock, Christiansen, & Kirby, 2014; Perniss, 

Thompson, & Vigliocco, 2010; see also Culler, 1975; Jakobson, 1960), as is the case for 

onomatopoeic words (e.g., bang, pop, splash; Perniss & Vigliocco, 2014).  

A natural extension to this question, then, is whether interactions between phonology 

and semantics extend beyond the level of intra-lexical iconicity, i.e., affect relationships 

between words at the phrasal level. In spoken language, comprehenders use prosodic patterns 

to structure the input and parse the speech stream which has an immediate impact on 

semantic processing (e.g., Breen, Dilley, McAuley, & Sanders, 2014; Brown, Salverda, 

Dilley, & Tanenhaus, 2015). But it is unclear whether and how phonological information 

derived during (silent) reading affects comprehension. Recent work in neurocognitive poetics 

suggests that stylistic prosodic features in phrases, such as phonological repetition, attract 

more attentional resources and that their neural representations are more strongly activated 

than those of neutral, declarative forms, as shown in behavioural (e.g. Carminati, Stabler, 

Roberts, & Fischer, 2006; Hanauer, 1998; Tillmann & Dowling, 2007; Yaron, 2002) and in 

event-related potential (ERP; (Chen et al., 2016; Obermeier et al., 2013; Vaughan-Evans et 

al., 2016) studies.  
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The Current Study (Experiment 1) 

Here, we measured event-related brain potentials (ERPs) and pupil dilation (PD) changes in 

native English speakers reading adjective-noun phrases manipulated orthogonally for 

semantic relatedness and alliteration. We chose to study form-meaning relationships at the 

most elementary level of word combination in reading, i.e., two-word phrases, in order to (a) 

have full experimental control via counterbalancing of stimuli across conditions, and (b) 

remove an inherently ‘poetic’ attribute from the potentially biasing context of verse, thus 

providing an evaluation of form-meaning relationship as it occurs in natural language. Our 

choice of methods also allowed us to examine semantic processing in the context of 

attentional engagement: In ERP research, increased negativity in mean amplitudes of the 

N400 wave is associated with increased difficulty in accessing the meaning of a stimulus 

(Chwilla et al., 1995; Kutas & Federmeier, 2011). On the other hand, increased PD indexes 

the recruitment of attentional resources and task-related uncertainty (Geng et al., 2015; Kang 

et al., 2014; Mathôt, 2018). Early dilation (<1000 ms) is associated with attentional orienting, 

relating to stimulus saliency or novelty, whereas later dilation (>1000 ms) is thought to reflect 

autonomic arousal, linked with mental effort or interest (Mathôt, 2018; Wang & Munoz, 

2015; Wetzel et al., 2016). 

We anticipated that semantic processing would be more difficult (and thus elicit 

greater N400 amplitudes) for incongruent adjective-noun pairs, and that alliteration would 

interact with semantic processing. We also expected that attention allocation would be 

boosted (and thus increase PD) in response to more effortful semantic processing, analogous 

to the N400 (Kuipers & Thierry, 2011; Wetzel et al., 2016), and that alliteration would also 

attenuate this response. We further expected these effects to occur during the later phase of 

pupil dilation (Mathôt et al., 2017; Wetzel et al., 2016). Moreover, potential correlations 

between ERP amplitude and PD index offered an opportunity to empirically describe 
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dynamic links between semantic integration and attentional engagement (cf. Kuipers & 

Thierry, 2011, 2013). In order to investigate whether semantic integration (occurring ~400 

ms) further relates to early or later phases of attentional engagement, we examined the 

relationship between mean ERP amplitude in the classical N400 time window (300-500 ms) 

and pupil dilation over the entire sequence of a trial.  

 

Materials and Methods 

Participants 

The data of 20 native English speakers (16 females, mean age = 22, SD = 2.97) were included 

in the analysis (a further 5 were excluded owing to technical failures and/or excessive alpha 

contamination). This sample size was determined on the basis of recent similar studies (e.g., 

Chen et al., 2016; Vaughan-Evans et al., 2016). All participants had normal or corrected-to-

normal vision and reported no past or present diagnosis of a learning difficulty. Ethical 

approval was granted by the School of Psychology, Bangor University and all participants 

provided written informed consent before taking part. 

 

Stimuli and Procedure 

In a two-by-two experimental design manipulating semantic congruency and alliteration 

orthogonally, a total of 416 adjective-noun word pairs were constructed, resulting in 104 pairs 

per condition. All stimuli, i.e., adjectives and nouns considered independently, were quasi-

rotated across conditions (99.9%) and presented alongside 208 randomly interspersed filler 

trials. Stimuli were normed for semantic congruency in a separate study, in which 60 native 

English speakers rated each adjective-noun phrase on a 5-point Likert scale, answering the 
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question “how likely would it be for the second word to follow the first in a normal sentence 

(ranging from 1: very unlikely to 5: very likely)”. Congruent alliterating (M = 4.05, SD = 

0.74) and non-alliterating (M = 3.96, SD = 0.78) phrases were both rated significantly more 

related than pairs from either the incongruent alliterating (M = 1.80, SD = 0.53) or 

incongruent non-alliterating (M = 1.66, SD = 0.53) conditions (p < .05). There was no 

significant difference between the ratings of the two congruent conditions (p = .743), or 

between the two incongruent conditions (p = .364). All stimuli were then resized using a 

mathematical algorithm in Matlab so that each word presented in white on a black 

background as a picture object contained the same number of lit pixels on the screen (i.e., 

words varied in size and length but luminance was kept constant from one stimulus to the 

next). 

Participants sat at a distance of 100 cm from the monitor. Following setup of the EEG 

system and calibration of the eye-tracker, each trial began with a drift correction (single-point 

recalibration) also serving as fixation in the centre of the screen. Then, the adjective was 

presented for a random duration in the range of 330–550 ms in 20 ms increments. On 50% of 

the experimental trials the noun was then presented without an inter-stimulus interval for 

500–600 ms in random 20 ms increments, whilst on the remaining 50% the noun was 

presented for 2000 ms, allowing for collection of PD data. Then, a response cue (#####) 

prompted the participant to indicate, using a counterbalanced, binary-decision button press, 

whether or not the two words were related in meaning (see Figure 4). Importantly, visually-

presented fixation and response cues also had the exact same number of lit pixels as word 

stimuli, such that luminance was constant throughout experimental blocks. For data analysis, 

ERPs were analysed across all experimental trials, whereas PD data were analysed only on 

the longer presentation trials owing to the slow time-course of the pupil response (Mathôt et 

al., 2017).  
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Figure 4. Schematic depicting the experiment procedure. Note that screen background was 

black and all stimuli were in white. Word size varied in order to keep the number of pixels 

constant, thus controlling luminance.  

 

Pupillometry Recording 

Pupil dilation was recorded using an Eyelink 1000 desktop mounted eye-tracker. Words were 

presented in white Arial font on a black background in the centre of a 62 x 34 cm monitor 

with a refresh rate of 60 Hz and a resolution of 1080 x 1920 pixels. Eye movements and pupil 

dilation were recorded from the participant’s right eye, after a 9-point calibration. Baseline 

correction was performed using a subtractive, pre-stimulus baseline correction (based on the 

median dilation from the first 10 ms of each trial), as outlined in Mathôt, Fabius, Van 

Heusden, & Van der Stigchel (2018). Blinks, including small saccades, during a trial were 

identified and data was marked as missing. An extra 25 samples (25 ms) post blinks were also 

marked as missing, since pupil size takes time to recover upon opening the eyelid. In order to 

ensure minimal eye movements during a trial, all visual stimuli were less than 2 degrees of 

visual angle. Any data marked missing was interpolated using a basic linear interpolation.  
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ERP Recording 

Electrophysiological data were recorded at 2048 Hz with a BioSemi system, using 128 active 

Ag/AgCl electrodes, positioned according to the 10-10 convention. Data were resampled to 

1024 Hz prior to analyses. The common mode sense (CMS) active electrode and the driven 

right leg (DRL) passive electrode were used as reference and ground electrodes, respectively 

(www.biosemi.com/faq/cms&drl.htm). Horizontal and vertical electrooculograms (EOGs) 

were monitored using four facial bipolar electrodes placed on the outer canthi of each eye and 

in the inferior and superior areas of the left orbit. 

Noisy electrodes were replaced by means of spherical interpolation. Data were re-

referenced offline to the global average reference (average of all electrodes except for the 

EOGs) and filtered using a 30 Hz (48 dB/oct) low-pass and 0.01 Hz (12 dB/oct) high-pass 

zero phase shift filter. Data from a preliminary block in which participants were asked to 

make specific eye movements and blinks were visually inspected and non-ocular artefacts 

were discarded. Ocular correction was conducted using Independent Component Analysis 

(ICA, computed using the AMICA procedure; Palmer, Makeig, Kreutz-Delgado, & Rao, 

2008). Data were then segmented into large epochs centred on noun onset starting from 200 

ms before stimulus onset and until 800 ms after stimulus onset. Following this, EEG signals 

were visually inspected and remaining noisy epochs were discarded. After baseline correction 

relative to a 200 ms pre-stimulus interval, epochs were averaged in each of the four 

conditions (Mean number of trials = 75 +/- 15) and grand-averages were computed.  

 

Experimental Design and Statistical Analyses 

Behavioural accuracy was analysed using generalised linear mixed models, for which the 

fixed factors were centred and sum-coded (Nieuwenhuis et al., 2017). Fixed factors were 
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Congruency (Congruent, Incongruent) and Alliteration (Alliterating, Non-alliterating), and 

the interaction between them. The closest-to-maximal random effects structure with 

correlations was modelled, consisting of a between-participant intercept and within-

participant slopes of Congruency, Alliteration, and their additive contribution (1 + 

Congruency+Alliteration | participant), plus an intercept for word pairs (1 | WordPair). 

Reaction times were not analysed, given that participants were asked to provide a delayed 

response.  

ERP mean amplitudes were analysed using repeated measures ANOVA with the 

factors Congruency (congruent, incongruent) and Alliteration (alliterating, non-alliterating) in 

the N400 time-window (300–500 ms over 11 centroparietal recording sites, consistent with 

our a priori expectations given the usual N400 topography: Kutas & Federmeier, 2011). 

Simple main effects analyses were conducted to further examine the interaction effect.  

For the pupillometry data, a procedure similar to that employed by Mathôt et al. 

(2017) was used: The timeseries was split into time-bins of 10 ms, and generalised linear 

mixed effects models were run for each bin. The dependent variable was the change in pupil 

size modelled according to the fixed effects and the interaction between them. As with the 

accuracy data, the maximal random effects structure was implemented ((1 + 

Congruence*Alliteration | participant) + (1 | WordPair)). We considered an effect to be 

significant based on the t-as-z approach where t > 1.96 (approx. α = .05) in 20 or more 

contiguous time bins for a minimum effect duration of 200 ms. 

Finally, we correlated the N400 ERP amplitude with modulations in pupil size over 

time. For this analysis, we took mean N400 amplitudes for each participant per condition and 

correlated this value with changes in pupil size at each 20 ms time step over the course of the 

trial (2000 ms: i.e., longer presentation trials only).  
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Results 

Behavioural  

Accuracy data revealed a significant fixed effect of congruency ( = 1.54, SE = 0.19, z = 

7.97, p < .001), such that accuracy was lower for congruent (M = 79.5, SD = 9.94) than 

incongruent (M = 94.58, SD = 10.37) word pairs. We also found a significant main effect of 

alliteration ( = 0.55, SE = 0.15, z = 3.62, p < .001), with more errors for alliterating (M = 

84.83, SD = 11.79) than non-alliterating pairs (M = 89.25, SD = 13.18). There was also an 

interaction between congruency and alliteration ( = 1.48, SE = 0.15, z = 9.32, p < .001), such 

that the difference between alliterating and non-alliterating stimuli was smaller for congruent 

than incongruent word pairs (Figure 5).  

 

Figure 5. Behavioural accuracy, representing the mean number of trials upon which 

participants correctly reported that phrases ‘made sense’ or not. Error bars depict SEM. 
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ERP  

In the N400 time-window there was a main effect of congruency (F(1, 19) = 23.194, p < .001, 

η² = .55), and of alliteration (F(1, 19) = 9.116, p = .007, η² = .324) on the mean ERP 

amplitudes, such that both congruency and alliteration tended to reduce N400 amplitude. A 

significant interaction between congruency and alliteration was also found (F(1, 19) = 5.077, 

p = .036, η² = .211), such that the effect of congruency for non-alliterating word pairs was 

significantly greater in magnitude than for alliterating word pairs (Figure 6).  

 

Pupillometry  

Congruency significantly modulated PD from 980–2000 ms, manifesting as a pupil size 

increase for congruent relative to incongruent word pairs (Figure 6). No other effects 

emerged.  
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Figure 6. Top: Mean ERP amplitudes, the shaded bar representing the area of analysis; 

Bottom: mean pupil dilation change over time. SEM is indicated by the shaded areas for the 

pupil dilation data, as per usual convention. The grey line indicates the time-window in which 

the main effect of congruency was significant. In both graphs, 0 ms on the timeline represents 

noun onset.  
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Correlation analysis 

We next examined the relationship between online semantic processing in the ERP signal and 

different stages of attentional engagement, reflected in the pupil dilation measure. Mean 

N400 value significantly correlated negatively with pupil size for incongruent non-alliterating 

trials between 400–800 ms (early time window), and beyond 800 ms for congruent 

alliterating trials (late time window) after the former ceased to be significant.  

 

Figure 7. ERP-pupil dilation correlations at 20 ms time bins indicating Pearson correlation 

coefficients. Thicker lines indicate statistical significance (r > -0.45).  Significance thresholds 

are indicated along the righthand Y-axis. 

 

Discussion 

Here, we examined how alliteration influences the interplay of semantic and attentional 

processes during reading as indexed by brain potentials and pupil dilation. We show that (a) 

alliteration tends to decrease N400 amplitude in the case of unrelated words, (b) semantic 
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relatedness increases PD, and (c) alliteration and semantic relatedness interact such that PD 

increase is particularly sustained for related words within a phrase.  

In the behavioural data, participants were highly accurate in rejecting incongruent 

phrases (e.g., creepy-diamond), as it is easier to assess two concepts as being unrelated than 

verifying a link between them, this has been previously shown in similar studies (Boutonnet 

et al., 2014; Wu et al., 2011). However, accuracy was reduced when incongruent phrases 

were also alliterating (e.g., dangerous-diamond), suggesting that alliteration compromised 

participants’ ability to judge a phrase as incongruent. ERP data showed that this uncertainty 

in the behavioural judgement was underpinned by semantic-level evaluation rather than 

superficial meta-cognitive judgement. Consistent with a large body of ERP literature detailing 

the N400 effect (Kutas & Federmeier, 2011), our results showed a generally reduced N400 

amplitude for congruent compared with incongruent pairs. However, incongruent alliterating 

pairs (e.g., dangerous-diamond) elicited a reduced N400 amplitude compared to incongruent 

non-alliterating pairs (e.g., creepy-diamond). Thus, when phrases were difficult to 

understand, repetition of the word-initial phoneme led the reader to consider the pairs as more 

congruent.   

Surprisingly, the pupil dilation data showed the opposite pattern to the ERP data. 

Indeed, we observed significantly larger dilations for congruent than incongruent phrases, 

peaking at around 1200 ms post stimulus onset. Bearing in mind that the course of pupil 

dilation manifests as a biphasic pattern, reflecting partially separable processes, this suggests 

that semantically congruent pairs elicited greater autonomic arousal compared with 

incongruent pairs (Hess & Polt, 1960; Mathôt, 2018). Whilst no other effects were 

statistically significant, visual inspection of the data presented in Figure 6 suggests a trend in 
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which incongruent alliterating phrases were again distinguished from their non-alliterating 

counterparts.4  

Together, ERP and PD data suggest that alliteration modulates online semantic 

processing, with repercussions for participants’ ability to accurately judge whether or not 

phrases were congruent. Our findings therefore lend support to the controversial idea that 

“similarity in sound can reflect similarity in meaning” (Hanauer, 1998; see also Jakobson, 

1960), and also suggest that repetition of sound can lead to an illusory impression of meaning 

relatedness. Moreover, whilst Chen et al. (2016) recently showed that repetition of sound can 

boost access to meaning for congruent sentences in poetry, we show that it can influence 

semantics even in the case of absolute minimal phrasal constructions (see also Acheson & 

MacDonald, 2011 for a similar consideration in the case of declarative sentences). 

In order to investigate how semantic integration further relates to attentional 

engagement, we examined the relationship between mean N400 amplitude and pupil dilation 

over the entire sequence of the noun duration. Incongruent non-alliterating trials (e.g., creepy 

– diamond) showed early, pronounced negative correlations, which likely reflect an early 

attentional orienting response to the most semantically challenging condition (Mathôt, 2018; 

Wetzel et al., 2015). In a second phase, a negative correlation for congruent alliterating 

stimuli (e.g., dazzling-diamond) peaked at ~1000 ms. We tentatively interpret this sustained 

effect as an indication that semantically and phonologically congruent pairs heighten arousal 

and interest beyond semantic and phonological links considered separately.  

 

 

 
4 Given that we recorded EEG and pupil dilation simultaneously, we could not impose head restraint – which 

would have improved PD measures’ reliability – without compromising EEG data quality. Thus, a number of 

trends in the PD data possibly did not reach statistical significance because of the ensuing variance.  
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Conclusion 

In sum, we show that stylistic manipulation of written phrases not only affects semantic 

processing and attentional orienting, but leads to dynamic interaction between the two. When 

semantic processing is difficult, inter-word alliteration can incur the illusion of meaning 

relatedness, which leads to attenuated online processing effort and more errors. And when 

semantic processing is relatively easy – as in the case of congruent pairs – increased depth of 

semantic processing leads to sustained cortical arousal. Our findings are consistent with 

recent evidence for substantial effects of sound symbolism in language comprehension (e.g., 

Perniss et al., 2010; Monaghan et al., 2014; Asano, et al., 2015), but they also demonstrate for 

the first time that form-meaning interactions can occur between as well as within words. 

These data elucidate a key mechanism in neurocognitive poetics: Previous studies examining 

the cognitive effects of stylized text have reported increased reader engagement as shown 

separately by slower reading times on the one hand (Hoven et al., 2016) and larger pupil 

dilation on the other (Scheepers et al., 2013). However, our study is the first to show that 

extracting meaning from stylized text is crucial in engaging the reader’s interest, providing 

empirical explanation for why stylistic prose is ‘savoured’ (Jacobs, 2015a). 
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Chapter 4 

How Alliteration Affects Semantic Processing and 

Attentional Engagement in Typical and Poor readers 
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Abstract 

Developmental dyslexia is a specific reading impairment that is characterised by a 

phonological deficit (i.e. difficulty in mapping letters to sounds). In the previous chapter, we 

showed that when typically developed readers read semantically congruent phrases that also 

alliterate (e.g., dazzling diamond) the attentional system is engaged. When faced with 

semantically incongruent phrases, alliteration moreover helps readers to link concepts beyond 

the level of literal semantics. In this study we set out to examine whether these dynamic 

interactions between word form and meaning are modulated by reading ability; specifically, 

whether a different pattern of effects can be found in readers with dyslexia. Given dyslexic 

readers’ unstable orthographic/phonological representations, would they display an 

attenuated effect of alliteration? Or, would the presence of alliteration and its concomitant 

boost of the attentional system, bootstrap comprehension? In our implicit measures we found 

no evidence that alliteration modulated semantic processing for either typical or dyslexic 

readers. However, dyslexic readers appeared generally less responsive, revealed in smaller 

overall pupil dilations (PDs). In our explicit behavioural measure, dyslexic readers were less 

able to accurately judge semantic congruency overall. They also showed a marked inability to 

accurately verify alliterating items, indicating that the presence of alliteration influenced their 

overt semantic decision making. These findings suggest that reading ability exerts a 

somewhat subtle influence on responses to sound-semantic interactions. We also discuss 

inconsistencies in the Experiment 1 and 2 event-related potential (ERP) data for typical 

readers, in which we discover – via post hoc tests – that verbal IQ modulates the effect of 

alliteration on the N400.       
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In Experiment 1, we examined how phonological word-form interacts with semantic 

congruency to affect semantic integration of, and attentional capture on the noun in the 

context of its preceding adjective (e.g., congruent alliterating: dazzling diamond, congruent 

non-alliterating: sparkling diamond, incongruent alliterating: dangerous diamond, 

incongruent non-alliterating: creepy diamond). We found that alliteration captured attention 

during reading, and that when comprehension was challenged, readers used phonological 

information to link concepts beyond the level of literal semantics. We tentatively suggested 

that this gives an insight into the neurocognitive mechanism underlying the effect of 

phonological repetition in literary devices. This study only tested highly skilled readers 

however, which left open the question of how such sound-semantic effects might manifest in 

individuals with poorer reading abilities, such as those with developmental dyslexia.  

Developmental dyslexia describes readers with a specific reading impairment (Lyon 

et al., 2003). Adults with dyslexia read and spell less fluently and accurately, and show 

consistent deficits on component cognitive skills such as phonological access and awareness 

(J. Hatcher et al., 2002; Rüsseler et al., 2007). The field of neurocognitive poetics has until 

this point focused on typical readers, asserting that individuals with dyslexia are not likely to 

read for pleasure due to their reading impairment (Jacobs & Willems, 2017). But evidence to 

the contrary suggests that many adults with dyslexia – i.e., so-called ‘compensated’ dyslexic 

readers – do in fact read for pleasure (Fink, 1998; Wennås Brante, 2013). Whilst poetic 

techniques (e.g. alliteration, rhyme) demonstrably affect semantic processing and attention in 

typical readers (Chen et al., 2016; Egan et al., 2020; Scheepers et al., 2013; Vaughan-Evans 

et al., 2016), an important question remains to be answered: whether they elicit similar 

responses – including the magnitude and latency of implicit and explicit responses – in 

readers with dyslexia.  
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In Experiment 2, we examine how typically developed and dyslexic adult readers 

differ in the time course of semantic and phonological processing, including the interactions 

between these factors. To this end, we compare reading groups on an identical paradigm to 

that described in Experiment 1. Given what we know of semantic and phonological 

processing in readers with dyslexia, how might we expect them to perform, compared with 

typical readers? A common supposition in dyslexia research is that semantic processing is 

spared, and indeed, that dyslexic readers often use their conceptual level knowledge in order 

to compensate for their orthographic / phonological processing difficulties (Hulme & 

Snowling, 2014; Nation & Snowling, 1998; Snowling & Hulme, 2013). Indeed, 

comprehension difficulties are seen as indicative of a specific language impairment (when a 

phonological deficit is also present), or of being a ‘poor comprehender’ (when no 

phonological deficit is present) both of which are dissociable from developmental dyslexia 

(Bishop & Snowling, 2004). Despite this dissociation, comprehension difficulties have high 

comorbidity with dyslexia, and lead to their own set of reading difficulties i.e. poorer reading 

comprehension and vocabulary knowledge (Snowling & Hulme, 2013). Additionally, recent 

ERP research on readers with a classic dyslexia profile has shown subtle semantic processing 

anomalies in the N400 range, including attenuated or delayed responses to incongruent items 

(Jednoróg et al., 2010; Schulz et al., 2008). 

Whilst semantic processing deficits in dyslexia – where they occur at all – are likely 

to be subtle, one might reasonably make more definite predictions concerning dyslexic 

readers’ phonological processing. Given the prevalence of phonological impairment in 

dyslexia, even in highly compensated readers, (J. Hatcher et al., 2002; Ramus & Szenkovits, 

2008), the preponderance of phonological repetition and patterning in poetry may not elicit 

similar effects, at least not to the same magnitude as in typically developed readers. This is 

perhaps even more likely given dyslexic readers’ pervasive deficits in orthographic-
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phonological binding (Blau et al., 2009; Blomert, 2011; Froyen et al., 2008; Jones et al., 

2018), leading to a compromised orthographic lexicon (Share, 1995), and reduced sensitivity 

to repetition in the perceptual input (Ahissar, 2007; Oganian & Ahissar, 2012; Ramus & 

Ahissar, 2012). It is not our intention to isolate one of these dyslexic characteristics (e.g., 

phonological processing) as a primary culprit for reduced responsivity to poetry, and we refer 

the interested reader to the lively debates on the causes of dyslexia (e.g., Ramus et al., 2003; 

Vellutino et al., 2004; Ramus & Szenkovits, 2008; Stein, 2017). On the contrary, we note that 

the brace of difficulties commonly found in individuals with dyslexia map rather strikingly 

with the processing requirements involved when encountering stylistic manipulations such as 

alliteration. Namely, precise identification of phonological / orthographic representations and 

sensitivity to the repetition of this information. The deficits characteristic of dyslexia are 

therefore highly likely to make the dyslexic reader less sensitive to the stylistic phonological 

properties of poetic text.  

However, whilst this is perhaps the most logical hypothesis, given the nature of 

dyslexic readers’ difficulties, there are also sound theoretical grounds to consider the 

alternative hypothesis: Given that phonological repetition captures readers’ attention (Egan et 

al., 2020; Obermeier et al., 2013; Scheepers et al., 2013), it may also aid comprehension for 

readers with dyslexia via a top-down attentional boost (Breznitz & Leikin, 2001; Horowitz-

Kraus & Breznitz, 2014; Shaywitz & Shaywitz, 2008). Previous studies have shown that both 

training/procedures which improve attentional skills prior to reading (Bavelier et al., 2013; 

Franceschini et al., 2013), and rapid reading paradigms which maximise reader attention 

during reading (Breznitz & Leikin, 2001; Horowitz-Kraus et al., 2014; Horowitz-Kraus & 

Breznitz, 2014), lead to reading comprehension and fluency improvements in dyslexic 

readers. Yet no existing research has investigated whether text features that capture attention 
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will also improve reading for this group, thus our paradigm will test whether alliteration will 

influence reading comprehension in dyslexia.   

 

The Current Study (Experiment 2) 

With these theoretical considerations in mind, we now turn to the specific hypotheses. For 

typical readers, we expect our findings to replicate the results of Experiment 1: alliteration 

will attenuate the N400 for semantically incongruent adjective-noun phrases, manifest in a 

congruency-by-alliteration effect in the N400 range. We also expect increased attentional 

engagement for congruent compared with incongruent items, manifest in increased PD during 

the later dilation phase. An early negative correlation for incongruent non-alliterating items, 

and a later negative correlation for congruent alliterating items are expected between mean 

N400 amplitude and PD. Finally, we expect a congruency effect on behavioural accuracy (i.e. 

more errors for congruent items), and that the presence of alliteration will once again reduce 

accuracy in the behavioural (semantic judgement) task. 

For dyslexic readers, we make definite predictions for our primary measure – the 

N400 response – and more speculative predictions for the PD measure, for which there is 

currently no extant data in a dyslexic sample. We expect that semantic congruency effects 

will either pattern similarly to typical readers, or show a comparatively moderate reduction 

for incongruent items, manifest in larger N400 amplitudes to incongruent compared with 

congruent phrases, resulting in a group * congruency interaction. However, our primary 

hypotheses concern the alliteration manipulation and its interaction with congruency, for 

which we make two competing sets of predictions: 

(1) That compromised phonological processing in dyslexia will lead to significantly 

reduced effects of alliteration, manifest in statistically identical effects of alliteration on 
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congruent and incongruent items (a group * alliteration interaction). In this case, in the ERP 

data, we would not expect alliteration to modulate dyslexic readers’ evaluation of semantic 

congruency. However, if this interaction is further modulated by congruency, we expect a 

group * alliteration * congruency effect.  In the PD measure, we expect that alliteration will 

exert no effect on dyslexic readers, given that alliteration did not exert a significant effect on 

PD even in typical readers in Experiment 1. In this instance the correlation between mean 

N400 amplitude and PD is explorative. However, given that we do not expect alliteration to 

modulate either measure in isolation, it is also likely that no correlation would emerge. For 

behavioural accuracy on the semantic judgement task, we predict that dyslexic readers will 

have generally reduced accuracy (cf. Schulz et al., 2008), but a preserved congruency effect. 

Reduced sensitivity to phonology should result in comparable effects of alliteration across 

congruent and incongruent items, unlike the case of typical readers, resulting in a group * 

alliteration interaction. 

 (2) That a top-down attentional boost will ameliorate reduced sensitivity to 

phonological repetition, leading to a similar or larger effect of alliteration in the dyslexic 

group. This would mean a larger difference in the N400 responses to alliterating compared 

with non-alliterating items, than would be the case with typical readers, manifest in a group * 

alliteration interaction. If this effect is further modulated by semantic congruency – for 

example, a particularly ameliorating effect for semantically incongruent items – then we can 

expect a group * alliteration * congruency interaction. As pupil dilation is an index of 

attention it would be expected that this top-down attentional boost would be reflected in the 

dyslexic readers’ pupillary responses. In this case, we would expect the pupil dilation 

responses to map onto the N400 results, consistent with Experiment 1 data (i.e. smaller N400 

to alliterating items would be coupled with larger dilation to these items), which would be 

indicated by a group * alliteration interaction for pupil dilation. In this instance, we also 
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predict that for alliterating items, N400 amplitude would correlate with pupil dilation for 

dyslexic readers. On the behavioural task, we predict readers with dyslexia will have 

generally reduced accuracy, but will show a preserved congruency effect, and a similar effect 

of alliteration to typical readers.  

 

Materials and Methods 

Participants 

Thirty-eight native English speakers were included in the analysis, comprising 19 typical 

readers and 19 readers with developmental dyslexia. The ‘dyslexic’ group self-reported as 

having a diagnosis of developmental dyslexia (n = 19, 12 females, age: M = 21.3, SD = 2.6 

years). These participants were recruited via the Miles Dyslexia Centre Specific 

Learning/Socio-communicative Difficulties Panel at Bangor University. The ‘typical’ group 

reported no history of developmental dyslexia or learning difficulty (n = 19, 8 females, age: 

M = 22.1, SD = 2.9 years). A further 12 participants (4 typical, 8 with dyslexia) were 

excluded due to excessive alpha contamination and four additional typical readers were 

excluded for having verbal and/or nonverbal IQ scores more than two standard deviations 

below the general population mean (Wechsler, 1999). All participants had normal or 

corrected-to-normal vision. Ethical approval was granted by the School of Psychology, 

Bangor University and all participants provided written informed consent before taking part. 

 

Stimuli and Procedure 

The stimuli and procedures were identical to those used in Experiment 1. 
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Background Cognitive and Literacy Tests 

In order to ensure that participants in the ‘dyslexic’ group had a profile consistent with their 

assessment of developmental dyslexia, we administered a short battery of cognitive and 

literacy tests. These tests included both verbal and non-verbal IQ (expressive vocabulary and 

matrix reasoning) from the Wechsler Abbreviated Scale of Intelligence (WASI, Wechsler, 

2011). Literacy measures with an emphasis on latency were also administered, including 

rapid naming (Comprehensive Test of Phonological Processing; CTOPP; Wagner, Torgesen, 

& Rashotte, 1999) and word / nonword reading (Test of Word Reading Efficiency; TOWRE; 

Torgesen, Wagner, & Rashotte, 1999). Performance on these indices are known to 

discriminate typical and dyslexic performance, even in highly compensated adults (cf. 

Berninger et al., 2006; Jones, Branigan, Hatzidaki, & Obregón, 2010). The Author 

Recognition Test (ART; Acheson, Wells, & MacDonald, 2008), a measure of print exposure, 

and a self-report measure of weekly reading times, was also included as an index of reading 

exposure, given evidence suggesting that participants with dyslexia typically have lower print 

exposure and tend to read less than typical readers (cf. The Matthew Effect; Stanovich, 2009).  

 

Pupillometry Recording 

Pupil dilation data were recorded and pre-processed using an identical procedure to the one 

outlined in relation to Experiment 1.  

 

ERP Recording 

Electrophysiological data were recorded and pre-processed using an identical procedure to 

that outlined for Experiment 1. Following artefact rejection typical readers had an average of 
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85 trials per condition (SD = 11), and dyslexic readers had an average of 88 per condition 

(SD = 8). 

 

Experimental Design and Statistical Analyses 

Behavioural accuracy was analysed using generalised linear models, for which the fixed 

factors were centred and sum-coded (Nieuwenhuis et al., 2017). Fixed factors were Group 

(Dyslexia, Typical), Congruency (Congruent, Incongruent), Alliteration (Alliterating, Non-

alliterating), and the interaction between them. A maximal slope was initially specified for 

‘WordPair’ (1+Group | WordPair), but the model failed to converge (Barr et al., 2013). As 

such the most parsimonious mixed model was used (Matuschek et al., 2017), consisting of a 

between-participant intercept and within-participant slopes of Congruency and Alliteration, 

and the contribution of their interaction. The formal specification of the model was: 

Accuracy ~ Group*Congruency*Alliteration + (1+ Congruency*Alliteration | Participant) + 

(1 | WordPair) 

ERP mean amplitudes were analysed using a mixed factorial ANOVA in the N400 

time-window (300–500 ms over the same 11 centroparietal recording sites as the previous 

experiment). The between-subjects factor was Group (Dyslexia, Typical), and the within-

subjects factors were Congruency (Congruent, Incongruent) and Alliteration (Alliterating, 

Non-alliterating).  

For the pupillometry data, the same procedure as Experiment 1 was used (as per 

Mathôt, Grainger, & Strijkers, 2017). The timeseries was split into time-bins of 10 ms, and 

linear mixed effects models were run for each bin. The dependent variable comprised 

changes in pupil size modelled according to the fixed effects and the interaction between 
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them. As with the accuracy data, the most parsimonious mixed model was implemented 

(Matuschek et al., 2017): 

PupilSize ~ Group*Congruency*Alliteration + (1+ Congruency*Alliteration | Participant) + 

(1 | WordPair) 

We considered an effect to be significant based on the t-as-z approach where t > 1.96 (approx. 

α = .05) in 20 or more contiguous time bins for a minimum effect duration of 200 ms. 

Finally, we correlated the N400 ERP amplitude with modulations in pupil size over 

time. For this analysis, we took mean N400 amplitudes for each participant per condition and 

correlated this value with changes in pupil size at each 20 ms time step over the course of 

noun presentation. This analysis was performed separately for both groups. 

 

Results 

Background cognitive and literacy tests validated group differences on relevant measures (see 

Table 1). Dyslexic readers had longer rapid naming, word, and nonword reading latencies 

than typical readers, as well as more word / nonword naming errors. Participants with 

dyslexia also had lower print exposure, but both groups self-reported spending equivalent 

time reading in an average week. Importantly both groups had similar verbal and nonverbal 

IQ.  
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Table 1: Scores on cognitive and literacy tests. Note: a Time in seconds; b Number of errors; c 

Number of authors (max 30); d Time in hours; e WASI subtest scaled score; * p < 0.05; ** p < 

0.01; *** p < 0.001. 

 Mean (SD)   

 Dyslexic 

n = 19 

Typical  

n = 19 

t  Cohen’s d 

     

RAN a 17.62 (4.61) 12.89 (2.52) 3.92*** 

 

1.27 

Word Reading (Acc) b 3.10 (2.35) 0.53 (0.77) 4.537*** 1.47 

Nonword Reading (Acc) b 10.32 (4.15) 1.84 (1.71) 8.229*** 2.67 

Word Reading (Time) a 79.47 (20.70) 53.86 (7.26) 5.09*** 1.65 

Nonword Reading (Time) a 76.49 (26.92) 52.38 (12.79) 3.525*** 1.14 

ART c 5.37 (2.49) 10.84 (5.54) -3.926*** 1.27 

Average weekly reading d 16.31 (8.62) 16.42 (5.36) -0.045 0.02 

Verbal IQ e 5.47 (3.22) 8.74 (2.77) -1.688 1.09 

Matrix Reasoning e 11.32 (1.95) 11.05 (1.87) 0.425 0.14 

     

 

 

Behavioural 

Accuracy data revealed a significant fixed effect of group (β = 0.87, SE = 0.33, z = 2.62, p < 

0.01), such that accuracy was lower for participants with dyslexia (M = 75.89, SD = 21.19), 

than for typical readers (M = 85.59, SD = 13.84). There was also a significant fixed effect of 

congruency (β = -0.99, SE = 0.37, z = -2.72, p < 0.01), such that accuracy was lower for 

congruent (M = 76.19, SD = 15.45) than incongruent (M = 85.29, SD = 20.19) word pairs. We 

also found a significant fixed effect of alliteration (β = -0.47, SE = 0.18, z = -2.52, p < 0.05) 

with more errors for alliterating (M = 78.36, SD = 18.15) than non-alliterating pairs (M = 

83.13, SD = 18.64). There was also an interaction between congruency and alliteration (β = 

0.97, SE = 0.33, z = 2.98, p < 0.01). Finally, there was a marginally significant three-way 
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interaction between group, congruency, and alliteration (β = 0.71, SE = 0.36, z = 1.96, p = 

0.05).  

In order to further investigate this three-way interaction, the model was run separately 

for each group. For typical readers no significant fixed effects emerged, but an interaction 

between congruency and alliteration emerged (β = 1.24, SE = 0.4, z = 3.09, p < 0.01). 

For dyslexic readers a fixed effect of congruency emerged (β = 1.11, SE = 0.44, z = 

2.52, p < 0.05), once again showing that accuracy was lower for congruent (M = 69.97, SD = 

16.05) than incongruent (M = 81.82, SD = 24.11) word pairs. We also found a significant 

fixed effect of alliteration (β = 0.48, SE = 0.21, z = 2.19, p < 0.05) with lower accuracy for 

alliterating (M = 73.29, SD = 20.14) than non-alliterating pairs (M = 78.5, SD = 22.14). No 

interaction effect emerged for dyslexic readers. See Figure 8 below.  

 

Figure 8. Behavioural accuracy for participants with dyslexia (left) and typical readers 

(right), representing the number of trials (max 104) upon which participants correctly 

reported that phrases ‘made sense’ or not. Error bars depict the standard error of the mean. 
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ERP  

In the N400 time-window there was a main effect of congruency (F(1, 36) = 15.483, p < .001, 

η² = .301). No other main effects or interactions reached the significance threshold, see 

Figure 9 below.  

 

 

Figure 9. Mean ERP amplitudes for participants with dyslexia (left) and typical readers 

(right), the shaded bars represent the areas of analysis. 

 

Pupillometry 

There was a significant main effect of Group on pupil dilation from 1350 – 2000 ms, such 

that participants with dyslexia had smaller dilation than typical participants in all conditions. 

There was also a main effect of Congruency from 1270 - 2000 ms manifesting as a pupil size 

increase for congruent relative to incongruent word pairs. Finally, an early main effect of 

Alliteration emerged from 70 - 350 ms. No significant interaction effects emerged. See 

Figure 10 below. 
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Figure 10. Pupil dilation for typical readers (top) and those with dyslexia (bottom), the 

shaded areas represent the standard error of the mean. 
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Correlation analysis 

We next examined the relationship between online semantic processing in the ERP signal and 

different stages of attentional engagement, reflected in the pupil dilation measure. This was 

conducted separately for each group.  

For typical participants, no correlations reached the pre-determined significance 

threshold (r > -0.45, or r < 0.45), see Figure 11 below for correlation coefficients.  

 

 Figure 11. ERP-pupil dilation correlations for typical participants at 20 ms time bins 

indicating Pearson correlation coefficients. Significance thresholds (r > -0.45, or r < 0.45) are 

indicated along the righthand Y-axis.  

 

 For participants with dyslexia there was a significant positive correlation between 

mean N400 amplitude and pupil dilation for congruent alliterating items from approximately 

1400 ms (see Figure 12 below). There was also an early negative correlation in the congruent 

non-alliterating condition from the trials onset to 200 ms. As this early correlation started at 

trial onset (during the period of pupil dilation baselining) and does not persist across 10 time-
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bins when discounting the baseline period, it does not cross our pre-determined threshold of 

significance.    

 

Figure 12. ERP-pupil dilation correlations for participants with dyslexia at 20 ms time bins 

indicating Pearson correlation coefficients. Thicker lines indicate statistical significance (r > -

0.45, or r < 0.45). Significance thresholds are indicated along the righthand Y-axis. 

 

Discussion of a priori analyses 

This study examined how alliteration influences the interplay between semantic, 

phonological and attentional processes during reading in individuals with and without 

dyslexia, as indexed by behavioural accuracy (explicit responses), brain potentials, and pupil 

dilation (implicit responses).  

Explicit behavioural responses: In the behavioural data, typical readers were highly 

accurate in rejecting incongruent non-alliterating phrases (e.g., creepy-diamond), but 

relatively less accurate in rejecting incongruent phrases that were also alliterating (e.g., 

dangerous-diamond), and in accepting semantically congruent phrases. This is consistent with 
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behavioural data from Experiment 1, in which we showed that alliteration compromised 

participants’ ability to judge a phrase as incongruent.  

Dyslexic readers were less accurate overall at making semantic relatedness 

judgements, compared with the typical group. However, their data patterned similarly to 

typical readers across conditions, in which both congruent and alliterating items reduced 

accuracy. However, whilst in typical readers, alliteration elicited a drop in semantic 

judgement accuracy in incongruent items that was on a par with congruent items, dyslexic 

readers maintained overall better accuracy for incongruent compared with congruent items. 

The general pattern of behavioural data is consistent with previous dyslexia studies, which 

show an overall reduction in accuracy in semantic judgement tasks, but a preserved overt 

congruency effect (Schulz et al., 2008). Interestingly, alliteration did have a pronounced 

effect on dyslexic readers’ accuracy, for both congruent and incongruent items, which was 

unexpected, since individuals with dyslexia are expected to show less sensitivity to 

alliteration (Ahissar, 2007). Thus, dyslexic readers in this study were sensitive to 

phonological repetition and were moreover susceptible to conflating sound with meaning 

during the later stages of stimulus processing.  

Implicit neurocognitive responses: For both typical and dyslexic readers, we found 

that the N400 response was modulated by semantic congruency. Figure 9 also suggests a 

trend for dyslexic readers to manifest reduced N400 amplitude in response to incongruent 

items, in line with previous studies (Jednoróg et al., 2010; Schulz et al., 2008) suggesting that 

semantic integration difficulty in dyslexia may specifically comprise an impaired ability to 

detect incongruency (Schulz et al., 2008). However, we found no indication that phonological 

repetition, in the form of alliteration, modulated semantic integration in either group. For 

typical readers, this was contra our predictions and the results of Experiment 1 (which we 

discuss below and examine further in the ‘post hoc examination’ section) and shows a 
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dissociation with the behavioural results wherein alliteration interfered with participants’ 

semantic relatedness judgements. The absence of a group-by-alliteration effect also 

contradicted our expectation of aberrant phonological processing in the dyslexia group, 

whether in terms of reduced sensitivity to phonology, or an attentional boost. However, this 

group showed intact sensitivity to alliteration in their behavioural responses. Whilst it is 

tempting to attribute these intact explicit effects of phonology to delayed manifestation of 

phonological processing, we note that a comparable dissociation in the implicit / explicit 

effects of alliteration is also observable in the typical readers group.  

Our pupil dilation predictions concerning modulation of PD as a function of reading 

ability was necessarily more speculative, given the paucity of research in this area. For 

typical readers, our findings were broadly consistent with Experiment 1 data, in which 

semantic congruency elicited larger pupil size during the later dilation phase, which is linked 

with greater autonomic arousal (Hess & Polt, 1960; Mathôt, 2018). This replication buttresses 

our argument that semantic congruency in text engages readers’ attention more intensely 

compared with incongruency (see also Riese et al., 2014), albeit with a later onset (~ 250 ms 

later than Experiment 1). Typical and dyslexic readers yielded a similar pattern of dilation 

across conditions, suggesting intact semantic processing in this group.  

Dyslexic readers showed smaller pupil dilation overall than typical readers toward the 

later phase of dilation (beginning ~1300 ms after noun onset), suggesting that their attention 

was generally less engaged by the word pairs than was the case for typical readers (Laeng et 

al., 2012). This was an unexpected but interesting finding, showing that dyslexic readers 

yield less autonomic arousal from print, as indexed by PD, than typical readers. Further 

research would be required to ascertain whether this is due to a generalized attentional deficit 

(Gabrieli & Norton, 2012; Lonergan et al., 2019; Shaywitz & Shaywitz, 2008), which would 

presumably affect stimulus processing irrespective of the modality, or due to a specific 
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difficulty with processing text, possibly concerning lexical quality (Perfetti, 2007), or the 

integrity of orthographic representations (Blomert, 2011; Jones et al., 2016). To examine 

whether this effect is specific to orthographic stimuli, an interesting follow up study might 

compare PD responses to auditorily and visually presented word pairs. Finally, the analysis 

yielded a main effect of alliteration, in which alliterating items elicited greater dilation from 

70 – 350 ms post noun onset. We are very wary to over-interpret this result, as it is too early 

to reflect an attentional orientating response (Mathôt, 2018; Wang & Munoz, 2015), or a 

specific response to the stimuli (Mathôt et al., 2018). Neither can we attribute it to low-level 

features of the stimuli such as differences in word form nor consequent luminance, since all 

adjectives and nouns were fully rotated across conditions.  

For typical readers, N400 mean amplitude did not correlate with pupil dilation in any 

condition, again contra predictions derived from the findings of Experiment 1. This is most 

likely due to the lack of parity between the ERP results for the two studies, stemming from 

differences in participant demographics, which we elaborate upon in the following section. 

For readers with dyslexia, there was a positive correlation between N400 amplitude and pupil 

dilation for congruent alliterating items, beginning ~ 1400 ms. Specifically, larger N400 

amplitude was associated with smaller pupil dilation, suggesting that when congruent 

alliterating items are less easily semantically integrated (larger N400), they also engage less 

attention (smaller pupil dilation). Interestingly, this pattern is the opposite of that found for 

typical readers in Experiment 1 (in which a late negative correlation emerged in this 

condition: larger N400 amplitude associated with larger pupil dilation response). Though very 

tentative at this point, these explorative correlations may suggest a dissociative relationship 

between semantic processing and attentional engagement, in which difficulty elicits greater 

engagement or effort in the typical reader, whilst producing more disengagement in the 

dyslexic reader.  
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In summary, typical readers’ behavioural results patterned similarly with those from 

Experiment 1, with accuracy being comparatively lower for congruent, and alliterating word-

pairs. However, for implicit measures no effect of alliteration appeared for these participants, 

which was contra our predictions based on the previous experiment. Furthermore, our 

implicit measures provide no evidence, either in the ERP or PD data, that dyslexic readers 

differentially process alliteration compared with typical readers: in fact, both groups were 

apparently insensitive to this manipulation in the implicit measures.  We also found no 

statistically significant evidence of impaired semantic-level processing in dyslexia: Despite 

an observable trend for reduced N400 modulation in response to incongruent items in the 

N400 averages, PD revealed a normal increase in dilation in response to semantically 

congruent items, on a par with typical reader responses. However, the PD measure did reveal 

an overall diminished pupillary response in dyslexic readers, which may either index an 

attentional deficit (Hari & Renvall, 2001; Lonergan et al., 2019), or may be the product of a 

less well defined orthographic lexicon (Perfetti, 2007). The diminished pupillary response 

was matched (though not necessarily yoked) to lower accuracy in judging semantic 

congruency, and both reader groups demonstrated overt sensitivity to sound information in 

evaluating the inter-word semantic relationship. 

 

Differences in Experiment 1 and 2 typical readers’ N400 results: a post hoc examination 

Given that the Experiment 2 paradigm was identical to that implemented in Experiment 1, we 

expected a straightforward replication of the typical readers’ data. We were therefore 

surprised to find that the N400 results did not replicate across experiments. Specifically, for 

typical readers in Experiment 1, alliteration influenced semantic level processing, but a 

comparable interaction in the N400 window was absent for typical readers in Experiment 2. 

In this section we examine the demographic profiles (performance on cognitive and literacy 
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tests) of the two typical reader groups and report out conclusions concerning the possible 

mediating factors responsible for these discrepancies.   

Although the two groups of typical readers were sampled from the same population of 

university students, preliminary analyses showed significant differences on an index of verbal 

IQ, namely the vocabulary subtest of the WASI (t(37) = 3.506, p = .001, d= 1.12; Wechsler, 

2006), and on self-reported reading time during an average week (t(37) = 2.103, p = .042, d= 

0.67). Specifically, typical readers in Experiment 1 had significantly higher verbal IQ scores 

than typical readers in Experiment 2 (M = 11.6, SD = 2.32 vs. M = 8.74, SD = 2.77) and self-

reported longer reading times per week on average (M = 20.2, SD = 5.84 vs. M = 8.74, SD = 

2.77). The two groups were comparable on all other measures (see Appendix F for a table 

with means and standard deviations for all of the cognitive and literacy tests). 

We chose to further investigate verbal IQ and its association with N400 mean 

amplitudes5 for both typical reader samples combined (n = 39) in the four conditions. Verbal 

IQ correlated with mean amplitudes in both the congruent alliterating (r = .363, n = 39, p = 

.023) and congruent non-alliterating (r = .317, n = 39, p = .049) conditions, whilst no 

significant correlation was found between verbal IQ and the incongruent conditions. We then 

pooled participants from both experiments and used a median split to create a ‘lower’ (scaled 

score of < 11, n = 18) and a ‘higher’ (scaled score of >=11, n = 21) verbal IQ group. We 

acknowledge that a median split it not optimal and leads to less statistical power (Aiken & 

West, 1991) and including IQ as a continuous variable in an ANCOVA analysis would be the 

theoretically better option. However, the IQ scores were skewed and could not be adequately 

normalized with transformation. We chose the median split in order to examine the data and 

 
5 We considered a priori that the self-reported reading measure may have been a less reliable indicator, due to 

social desirability influences (Acheson et al., 2008; Stanovich & West, 1989), and since a comparable but more 

objective measure of reading frequency (the ART test) showed no such relationship with the N400. For 

completeness we checked the self-reported correlations with N400 amplitude, and no significant correlations 

emerged. 
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averages from a two-group perspective, ensuring better comparability with our a priori 

between group (typical / dyslexic reader) analyses. Thus, the ‘lower’ and ‘higher’ IQ groups 

were entered into a factorial group * congruency * alliteration ANOVA.  

In the N400 time-window there was a main effect of congruency (F(1, 37) = 44.886, p 

< .001, η² = .548), and of alliteration (F(1, 37) = 10.673, p = .002, η² = .224) on the mean 

ERP amplitudes, such that both congruency and alliteration tended to reduce N400 amplitude. 

There was also a significant main effect of verbal IQ group (F(1, 37) = 6.28, p = .017, η² = 

.145), in which lower IQ elicited generally larger, more negative amplitudes. No interactions 

reached the significance threshold. See Figure 13 below for the grand average waveforms of 

these two groups separately. 

 

Figure 13. Mean ERP amplitudes for participants with lower verbal IQ (left) and higher 

verbal IQ (right), the shaded bars represent the areas of analysis. 

 

These results are somewhat revealing firstly in showing that participants with lower 

verbal IQ tended to have generally reduced mean amplitudes, irrespective of condition, 

showing a relationship between IQ and N400 magnitude. A similar relationship has 
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previously been shown between nonverbal IQ and N400 amplitude in response to semantic 

incongruency (Shcherbakova et al., 2019). The relationship between verbal IQ (vocabulary 

knowledge) and reading comprehension is well documented (Nation et al., 2004; Perfetti, 

2007; Ricketts et al., 2007; Snowling & Hulme, 2013), and skilled comprehenders also tend 

to have more reading experience than less skilled comprehenders (Perfetti, 2007). Indeed, 

differences in comprehension ability (in otherwise skilled readers) have been shown to affect 

N400 amplitude for semantically related word-pairs (Landi & Perfetti, 2007; Perfetti, 2007; 

Perfetti et al., 2005). At a global level, it may therefore be the case that higher verbal IQ 

readers have better lexical ‘quality’ (better integrated orthography, phonology, morpho-

syntax, and meaning, Perfetti, 2007).  

Second, when typical readers from both experiments are analysed together, 

alliteration has a modulating effect on the N400 (regardless of semantic congruency), 

suggesting that the absent alliteration effect in Experiment 2 is perhaps due to lack of power. 

Visual inspection of Figure 13 suggests – with a caveat, given the non-significant outcome of 

the interaction – that higher IQ is associated with greater distinction between alliterating 

conditions in semantically congruent items. This trend is consistent with the correlations cited 

at the beginning of this section, and may suggest that in high IQ readers, alliteration exerts a 

more pervasive influence on semantic processing, such that these readers use more sources of 

information in order to enhance sense when reading.  

In summary, we conducted a post hoc investigation for sources of different N400 

modulations in our typical reader populations (Experiments 1 and 2). Correlation analysis and 

factorial ANOVA analysis suggest that verbal IQ may modulate the N400 response in ways 

compatible with the differences found in typical readers between Experiments 1 and 2.   
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Conclusion 

This study examined whether the interactions found between alliteration and semantic 

processing in typical readers are further modulated by reading ability. Specifically, whether 

dyslexia, involving a phonological impairment, impacts this interaction. Alliteration did not 

impact dyslexic readers’ implicit semantic processing, or attentional engagement. 

Interestingly, alliteration impacted participants’ overt semantic judgements in similar ways in 

both reading groups, indicating that these readers are still sensitive to the presence of 

alliteration, despite their phonological impairment.  
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Chapter 5 

Investigating How Alliteration Affects Attentional 

Engagement via a Pupillometry Investigation 
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Abstract 

In the extant literature examining the pupil dilation in response to linguistic stimuli, larger 

dilation is typically found for unexpected, difficult or interesting items, which is thought to be 

associated with increased cognitive load or an attention-related increase in arousal. Yet, 

despite evidence that stylistic techniques boost attention and interest, we have thus far found 

no effect of alliteration on pupil dilation. In this study we aim to examine whether 

minimizing noise in the experimental procedures unmasks an effect of alliteration. We 

therefore present an experiment in which the procedures are identical to Experiment 1 but 

measuring only pupil dilation under optimized testing conditions. Our pupil dilation data 

reveals a pattern very similar to the one found in Experiment 1, in which dilation was again 

greater in response to semantically congruent items, but the alliteration effect failed to reach 

statistical significance. Our behavioural results again showed greater accuracy for 

incongruent items. But alliteration this time increased accuracy for congruent items, whilst 

decreasing accuracy for incongruent items. We discuss whether alliteration can be plausibly 

linked with pupil dilation. We also discuss possible interpretations of the ‘surprising’ 

congruency effect, which at this point in the thesis has been replicated for a third time. 
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In Experiment 1, we expected to observe an effect of semantic congruency, such that 

semantically incongruent items would lead to greater pupil dilation (Krejtz et al., 2018; 

Scheepers et al., 2013). Interestingly, the opposite effect was found, with semantically 

congruent items eliciting greater dilation. We concluded that semantically congruent items 

elicit greater attention and interest compared with incongruent items (Riese et al., 2014). We 

also expected that alliteration would increase pupil dilation, associated with an increase in 

readers’ attention and interest (Hess & Polt, 1960; Kang et al., 2014; Mathôt, 2018; Riese et 

al., 2014). But we found no significant effect of alliteration on pupil dilation, despite an 

observable trend in which alliteration appeared to elicit larger pupil dilation for incongruent 

items. Given that Experiment 1 testing conditions were configured to maximise signal-to-

noise ratio for our EEG data, rather than to optimize minimal noise in the pupil dilation 

measure, we propose that the effect of alliteration may have been masked.  We identified 

potential head movement as the primary likely source of error in Experiment 1. Head 

movement is typically minimized in eye-tracking experiments via use of a chin and head rest 

(EyeLink®1000 User Manual, 2005), but these tools were not implemented in our previous 

studies in order not to interfere with the EEG recording.  

 

The Current Study (Experiment 3) 

Here, we ran an experiment that was almost identical to Experiment 1, with the exception that 

participants’ head movements were restricted. We sought to replicate the overall findings of 

Experiment 1, but by minimizing error in the signal, we also sought to examine whether an 

effect of alliteration would emerge.  
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Materials and Methods 

Participants 

The data of 26 native English speakers (20 females, mean age = 21, SD = 1.69) were included 

in the analysis (see Appendix F for their cognitive and literary test scores). A further 3 were 

excluded for having verbal IQ scores more than two standard deviations below the general 

population mean (Wechsler, 1999). All participants had normal or corrected-to-normal vision 

and reported no past or present diagnosis of a learning difficulty. Ethical approval was 

granted by the School of Psychology, Bangor University and all participants provided written 

informed consent before taking part. 

 

Stimuli and Procedure 

The same stimuli were used for this experiment as in the previous chapters. However, in this 

experiment each participant saw only half of the experimental items (and half of the fillers), 

in order to shorten the testing session and minimize participants’ fatigue6. Thus, each 

participant saw a total of 208 experimental items (stimulus presentation was fully 

counterbalanced across participants).  

Participants sat at a distance of 100 cm from the monitor, with their head resting in a 

head and chin-rest (in order to minimize head movements). Following calibration of the eye-

tracker, each trial began with a drift correction (single-point recalibration) also serving as a 

fixation point in the centre of the screen. Then, the adjective was presented for a random 

duration in the range of 330–550 ms in 20 ms increments, followed by the noun, which was 

 
6 Recall that in Experiments 1 and 2, trials were split between 208 PD and 208 ERP trials (PD trials had longer 

noun presentation times). Thus, in seeing ‘half’ of the experimental items, an identical number were available 

for PD analysis as compared with previous experiments.  
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always presented for 2000 ms. Then, a response cue (#####) prompted the participant to 

indicate, using a counterbalanced, binary-decision button press, whether or not the two words 

were related in meaning (see Figure 14). Importantly, as in the previous two experiments, the 

visually presented fixation and response cues also had the exact same number of lit pixels as 

word stimuli, such that luminance was constant throughout experimental blocks.  

 

Figure 14: Schematic of the experimental procedure. Please note that all items were 

presented in white on a black background. 

 

Pupillometry Recording 

Pupil dilation data were recorded and pre-processed using an identical procedure to the one 

outlined in relation to Experiment 1. 
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Experimental Design and Statistical Analyses 

Behavioural accuracy was analysed using generalised linear mixed models, for which the 

fixed factors were centred and sum-coded (Nieuwenhuis et al., 2017). Fixed factors were 

Congruency (Congruent, Incongruent) and Alliteration (Alliterating, Non-alliterating), and 

the interaction between them. The maximal random effects structure with correlations was 

modelled, consisting of a between-participant intercept and within-participant slopes of 

Congruency, Alliteration, and their interaction. The formal specification of the model was: 

Accuracy ~ Congruency*Alliteration + (1+ Congruency*Alliteration | Participant) + (1 | 

WordPair) 

Reaction times were not analysed, given that participants were asked to provide a delayed 

response.  

For the pupillometry data, the same procedure as Experiment 1 was used (as per 

Mathôt et al. 2017). The timeseries was split into time-bins of 10 ms, and generalised linear 

mixed effects models were run for each bin. The dependent variable was the change in pupil 

size modelled according to the fixed effects and the interaction between them. As with the 

accuracy data, the maximal random effects structure was implemented, formal specification:  

PupilDilation ~ Congruency*Alliteration + (1+ Congruency*Alliteration | Participant) + (1 

| WordPair) 

We considered an effect to be significant based on the t-as-z approach where t > 1.96 

(approx. α = .05) in 20 or more contiguous time bins for a minimum effect duration of 200 

ms. 
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Results 

Behavioural  

Accuracy data revealed a significant fixed effect of congruency (β = 1.761, SE = 0.40, z = 

3.99, p < .001), such that accuracy was lower for congruent (M = 0.78, SD = 0.1) than 

incongruent (M = 0.91, SD = 0.11) word pairs. There was no main effect of alliteration (β = -

0.27, SE = 0.19, z = -1.48, p = 0.14). A significant interaction between congruency and 

alliteration also emerged (β = -1.22, SE = 0.39, z = -3.08, p < .001), such that for congruent 

items accuracy was greater when they alliterated, yet for incongruent items accuracy was 

lower when they alliterated. See Figure 15 below.  

 

Figure 15. Behavioural accuracy, representing the mean number of trials upon which 

participants correctly reported that phrases ‘made sense’ or not. Error bars depict the standard 

error of the mean. 
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Pupillometry  

Congruency significantly modulated PD from 1620 –2000 ms, manifesting as a pupil size 

increase for congruent relative to incongruent word pairs (Figure 16). No other fixed effects 

or interactions emerged.  

Figure 16. Mean pupil dilation change over time, the shaded areas represent the standard 

error of the mean. 

 

Discussion 

We conducted a near-replication of Experiment 1, in which we minimized variability in the 

pupil dilation data by constraining participants’ head movements. Our primary aim was to 

obtain a similar overall pattern in the data to that identified in Experiment 1, but with the 

expectation of obtaining a significant effect of alliteration on pupil dilation; specifically – 
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given the results of Experiment 1 – greater dilation in response to alliterating incongruent 

items.   

 

Behavioural responses: 

As in our previous experiments, participants were more accurate at rejecting incongruent 

items compared with semantically congruent items. Also, as before, the presence of 

alliteration reduced accuracy for incongruent items, leading participants to falsely ascribe 

semantic congruency to incongruent items. However, in this study we also found an 

interesting reverse effect for congruent items: whereas in Experiments 1 and 2 there was no 

apparent effect of alliteration, here, alliteration actually increased accuracy.  The most 

parsimonious explanation is that a similar mechanism is at play, in which phonological 

repetition bootstraps the already existing semantic link, leading to easier identification of the 

item as congruent (Egan et al., 2020). Given that the bidirectionality of this effect was not 

found in our previous studies, however, the effect of alliteration on congruency is clearly less 

robust than the effect of alliteration on incongruent items.  

 

Pupillary responses: 

For pupil dilation, a late main effect of congruency emerged, such that from ~1600 ms there 

was greater dilation to congruent as compared to incongruent items. This effect was however 

not significantly modulated by alliteration. Thus, despite an observable trend in Experiment 

1, we find no evidence to suggest that alliteration affects pupil size during reading, consistent 

with the results of Experiments 1 and 2. Globally, the pupil dilation change in this study was 

also smaller than for typical readers in the previous studies, for which it is difficult to identify 

the exact cause, but is likely due to the modified task conditions.  
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The current findings reveal that, when participant head movements are constrained, a 

very similar pattern of findings emerge as in the non-optimal PD testing environment, 

suggesting that the proportion of error in Experiments 1 and 2 was not responsible for the 

effects (and lack of significant effects) found. With these three studies in mind, we now 

provide our final comments on the effect of alliteration and semantic congruency on pupil 

dilation.  

In the previous studies, visual observation of the data clearly shows a trend in which 

alliteration, particularly in semantically incongruent items, elicits larger pupil dilation 

compared with non-alliterating items. However, these trends did not reach statistical 

significance, and in this study no such trend was apparent. The consistent direction of the 

findings from our previous studies means we cannot conclusively reject the suggestion that 

alliteration may exert a small influence on pupil dilation, but it is too weak to be detected 

according to the criteria for statistical power currently recommended in the pupil dilation 

literature (Mathôt et al., 2017).  

Indeed, the absence of an alliteration effect does not preclude the possibility of a more 

general effect of phonological repetition on pupil dilation. Scheepers et al. (2013) found that 

when listening to limericks, participants exhibited larger pupil dilation when the rhyme-

scheme expectancy – the most salient expectancy in a limerick was violated – than when any 

other expectancy was violated. Thus, both the poetic context and the larger phonological 

segment in the word, are both aspects which could increase the phonological effect on pupil 

dilation found here; both of which are absent in our studies. But in any case, an important 

difference between Scheepers et al. (2013) and our findings – both in relation to alliteration 

and the significant effect of semantic congruency – is that, in Scheepers et al., violation of 

expectancy leads to increased pupil dilation, whereas in our studies, violation of expectancy 

leads to decreased pupil dilation; certainly in the case of semantic congruency. We now 
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therefore turn to the effect of semantic congruency, which in all three studies has been 

consistent in revealing larger pupil dilation in response to congruent compared with 

incongruent items; a surprising finding, considering prior research (Scheepers et al., 2013).  

Whilst the semantic congruency effect was initially ‘surprising’, it is nevertheless in 

line with previous research in which stimuli which are arousing or interesting to participants 

lead to greater pupil dilation (M. M. Bradley et al., 2008; Hess & Polt, 1960; Murphy et al., 

2014; Wang et al., 2018), and this is how we initially interpreted our findings (cf. 

Experiments 1 and 2).  

However, there are at least two alternative interpretations of the increased pupil 

dilation size in response to congruency, which we will now consider. The first, as with the 

proposed explanation for differences in the phonological effect, relates to context: In our 

studies, participants are reading short, declarative sentences – with no contextual cues leading 

to particular expectations of congruency – and it is therefore unlikely that semantic 

incongruency would lead to the same emotional response in participants to that cited in 

Scheepers et al.  

 Second, the increased pupil dilation response to semantic congruency can plausibly be 

attributed to cognitive load. Recall that in all three experiments, participants’ behavioural 

accuracy was lower in response to congruent compared with incongruent items, suggesting 

that verifying semantic congruency is more difficult than verifying semantic incongruency. 

Thus, although semantic level processing can proceed more easily in the case of congruency 

(validated by our N400 results), explicit verification of congruency clearly requires more 

processing effort. This interpretation is consistent with the findings of Nuthmann and Van 

Der Meer (2005), in which participants made a relatedness judgement in response to verb-

noun pairs that were either temporally congruent (e.g. shrinking – small) or temporally 
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incongruent (e.g. shrinking – large). Semantically unrelated ‘filler’ items were also presented 

and were included in additional analyses. In line with our results, greater pupil dilation was 

associated with more errors for semantically congruent compared to incongruent items. The 

authors claimed that semantically related items require more processing resources than 

unrelated items. This interpretation is given further credence still in the context of other 

studies showing that pupil size increases with task difficulty, e.g. during Stroop tasks, or 

mental arithmetic etc. (Beatty, 1982; Krejtz et al., 2018; Laeng et al., 2011; Nuthmann & Van 

Der Meer, 2005; Van Gerven et al., 2004).  

 We are therefore left with the question of whether increase in pupil size in response to 

semantically congruent phrases results from increased arousal or interest to the stimuli per se, 

or increased difficulty in judging their relatedness. As Mathôt (2018) notes, the effects of 

arousal and mental effort on pupil dilation are similar, both in the size of the effect, and in 

their cause, i.e. both result from greater mental activity. Indeed, items that lead to greater 

mental effort, by definition also lead to an increase in attention. In order to attribute the effect 

to increased interest or difficulty, a follow-up study might require PD responses in contexts in 

which participants either passively view these items (e.g. Kuipers & Thierry 2011; 2013), or 

to complete a task that is unrelated to semantic relatedness (such as letter detection in the 

noun). Greater dilation for semantically congruent items in such tasks that minimize explicit 

verification would lend support to the interpretation that congruency increases readers’ 

interest (Riese et al., 2014).  

 

Conclusion 

In this study, we conducted a near-identical experiment to Experiment 1 but restraining 

participants’ head movements in order to provide optimal conditions for collecting pupil 
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dilation data. Whilst we broadly replicated the findings of Experiments 1 and 2 (typical 

readers), we still found no statistically significant effect of alliteration on pupil dilation.  
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Chapter 6 

How Alliteration and Semantic Congruency Impact 

Recognition Memory 
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Abstract 

Poetic devices which rely on phonological repetition (e.g. alliteration, and rhyme), are 

generally considered to have mnemonic properties, in that they are more salient and 

memorable than declarative forms of language. Yet this phenomenon has received little 

empirical investigation. Here, we asked participants to read serially presented adjective-noun 

phrases during an encoding phase (Session 1), which were then probed in a recognition phase 

(Session 2, conducted the following day; the purpose of which was unknown to participants 

until the task began). Phrases were manipulated orthogonally for the presence vs. absence of 

semantic congruency and alliteration (“dazzling – diamond”, “sparkling – diamond”, “dark – 

diamond”, “bad – diamond”), and we anticipated that stylistic language – particularly 

alliterating phrases – would be more memorable than declarative phrases. Whilst Session 1 

data broadly replicated the behavioural patterns and N400 modulations reported in previous 

chapters, Session 2 data revealed crucial insight into the effect of text style on memory 

retention: alliteration increased participants’ tendency to report items as previously seen 

(irrespective of whether they had in fact seen the item or not). FN400 data also suggests that 

alliterating items were more familiar than non-alliterating items. Despite these effects, 

participants were no more accurate at recognizing alliterating items, suggesting that 

alliteration leads to an illusion of having previously seen a phrase. Participants were also 

more accurate and quicker at recognizing semantically congruent items (though an effect was 

not found in the ERP data), which we interpret as a conceptual priming effect. 
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Poetic devices that rely on phonological repetition, such as alliteration and rhyme, are 

thought to have mnemonic properties, meaning that they are particularly salient and 

memorable (Fabb, 2010; Lindstromberg & Boers, 2008; Rubin, 1995). This idea stems from 

oral formulaic theory (OFT), which attempts to explain how bards in pre-literate societies 

memorized epic poems (Boers & Lindstromberg, 2005; Parry & Parry, 1987). OFT posits that 

phonological repetition is a key part of making these epics memorable (Boers & 

Lindstromberg, 2005; Parry & Parry, 1987). Whilst OFT has led to longstanding beliefs in the 

mnemonic properties of alliteration, very little empirical evidence has been acquired to attest 

to this belief (Boers & Lindstromberg, 2005).  

Extant behavioural research shows that alliteration is an effective retrieval cue when 

presented in the context of either poetry or prose (Lea et al., 2008). Lea et al (2008) presented 

participants with poetry, and the target word appeared in the context of either a sentence 

which either had a strong alliteration pattern, or no alliteration (which served as the baseline). 

Later in the poem they were given a recognition probe, which appeared after a cue sentence. 

Participants responded more quickly to probes when the cue sentence matched the alliteration 

pattern of the original sentence. The authors suggest that alliteration acts as a retrieval cue, 

facilitating recognition (Lea et al., 2008).    

Outside of a poetic context, alliteration is a useful mnemonic technique, used by 

second language English learners to more effectively learn multiword phrases and idioms 

(Boers et al., 2014; Boers & Lindstromberg, 2005; Lindstromberg & Boers, 2008). Students 

were better able to recall alliterating compared with non-alliterating phrases during surprise 

recall tests (Boers et al., 2014; Boers & Lindstromberg, 2005; Lindstromberg & Boers, 2008). 

Interestingly, these mnemonic effects on recall of word-pairs were still present when the 

students were unaware of the presence of alliteration, although the effects were muted (Boers 

et al., 2014). Thus, some behavioural data suggests that alliteration may have mnemonic 
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properties. To our knowledge however, no study has attempted to uncover the neural bases of 

these effects. 

As the previous studies in this thesis have shown that alliteration can interact with 

semantic processing in interesting ways (Egan et al., 2020), we also wanted to investigate 

how semantic congruency affected any potential mnemonic effects. Previous research has 

suggested that semantically congruent items are better recognized and recalled than 

semantically unrelated items (Desaunay et al., 2017; Dougal & Rotello, 2007; Hawco et al., 

2013; Talmi & Moscovitch, 2004). This suggests that any mnemonic effects found with 

alliteration, may be amplified when phrases are also semantically congruent. 

 

The Current Study (Experiment 4) 

Here, we investigated the effect of semantic congruency and alliteration on long-term 

memory. We therefore measured accuracy and reaction times during a recognition task 

(explicit measures), and ERP Old/New effects (implicit measures) for word-pairs 

orthogonally manipulated on the dimensions of semantic congruency and alliteration, twenty-

four hours after they were initially encoded. A well-established literature on ERP Old/New 

effects identifies two dissociable ERP components which index separate memory processes: 

familiarity (indexed by the FN400) and recollection (indexed by the left parietal effect) 

(Addante et al., 2012; Rugg & Curran, 2007; Wilding, 2000; Yonelinas, 2002).  

Session 1 comprised an encoding session in which we presented the same task used in 

previous experimental chapters. This session therefore (1) ensured that participants encoded 

the items without being made aware of the true purpose of the experiment, and (2) allowed an 

opportunity to replicate the behavioural and N400 results of Experiments 1 and 2. 
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 In Session 2, we predicted that participants’ ability to correctly recognize old items 

would be higher for alliterating, and semantically congruent items than for semantically 

incongruent, or non-alliterating items. We also predicted a smaller FN400 amplitude for these 

items, which would indicate that participants’ behavioural judgement was underpinned by the 

memory strength of a previously seen item (i.e. how familiar it is). We deemed it unlikely that 

significant effects would emerge on the left-parietal effect (indexing recollection) due to the 

high number of items. There was also a relatively long interval between encoding and testing. 

However, if alliteration or semantic congruency influence recollection, this would suggest 

that their mnemonic properties influence active retrieval process. 

 

Materials and Methods 

Participants 

The data of twenty-four native English speakers (15 females; age: M = 20.96, SD = 2.29) 

were included in the analysis (a further two were excluded owing to excessive alpha 

contamination, and one failed to attend the second session). All participants had normal or 

corrected-to-normal vision and reported no past or present diagnosis of a learning difficulty. 

Ethical approval was granted by the School of Psychology, Bangor University and all 

participants provided written informed consent before taking part. As per the previous 

experiments, a battery of cognitive and literacy tests was administered (see Appendix F) for 

their scores). 
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Stimuli and Procedure 

In a two-by-two stimulus design manipulating semantic congruency and alliteration 

(alliterating vs. non-alliterating) orthogonally, a total of 624 adjective-noun word pairs were 

constructed, resulting in 156 pairs per condition (i.e. congruent alliterating, congruent non-

alliterating, incongruent alliterating, and incongruent non-alliterating). All adjectives and 

nouns were fully rotated across conditions. These word-pairs formed four experimental lists 

which were used for counterbalancing, with each list containing each adjective and noun once 

(see Appendix B for the full stimulus list). 

Stimuli were normed for semantic congruency in a separate study, in which 24 native 

English speakers completed an online forced-choice task (resulting in 8 full norms of the 

stimuli), where they responded as to whether the noun “makes sense” in the context of the 

adjective in each case. Congruent alliterating (M = 0.89, SD = 0.16) and non-alliterating (M 

= 0.87, SD = 0.21) phrases both had a significantly higher proportion of ‘makes sense’ 

responses than pairs from either the incongruent alliterating (M = 0.22, SD = 0.26) or 

incongruent non-alliterating (M = 0.20, SD = 0.25) conditions (p < 0.001). There was no 

significant difference between the ratings of the two congruent conditions, or between the 

two incongruent conditions.  

The experiment took place over the course of two sessions (Session 1: encoding 

phase, and Session 2: the test phase). In Session 1 participants saw two experimental lists, 

which were presented again in Session 2 (‘Old’ items) along with a third experimental list 

(‘New’ items), see Figure 17 below for an example. It should be noted that the ‘New’ items 

were comprised of the same adjectives and nouns as the ‘Old’ items but recombined to make 

new word-pairs. This is a common practice in memory research to ensure that any memory 

effects are due to the item (i.e. a word pair) as opposed to its constituent parts (i.e. the 
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adjective and nouns) (Buchler et al., 2008; Desaunay et al., 2017). In both sessions, 

participants sat at a distance of 100 cm from the monitor. Following setup of the EEG system, 

each trial began with a fixation cross in the centre of the screen, which remained in place 

until participants pressed the space bar. Then, the adjective was presented for a random 

duration in the range of 500 – 600 ms in 20 ms increments, followed by the noun (without an 

inter-stimulus interval) for 800 – 900 ms in random 20 ms increments. Following this, a 

response cue (#####) prompted the participant to make a counterbalanced, binary-decision 

button press, the instructions for which differed between sessions 1 and 2. 

 

Figure 17. An example of the counterbalancing for one participant.  

 

Session 1 (Encoding phase) 

In this session participants saw 312 word-pairs (comprising two full experimental lists), such 

that they saw each individual adjective and noun twice during the session though in separate 

conditions, e.g. gloomy castle (congruent non-alliterating) and crisp castle (incongruent 

alliterating). Each pair was presented twice in order to strengthen encoding (Finnigan et al., 

2002). In an identical task to Experiments 1 and 2, following presentation of the response cue 

(#####), participants had to indicate whether or not the two words were related in meaning 

(see Figure 18).  
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Session 2 (Test phase) 

Session 2 took place twenty-four hours after Session 1 in all cases. Participants were 

presented with the same 312 word pairs they saw previously, which comprised the ‘old’ 

condition. An additional 156 pairs (a third experimental list) were presented, comprising the 

‘new’ condition, which contained the same adjectives and nouns as in Session 1, e.g. healthy 

castle (incongruent non-alliterating), but recombined. Each word pair was only presented 

once in this session. Following the presentation of the response cue (#####), participants had 

to indicate whether or not they had seen the word pair in the previous session (see Figure 

18). 

 

 

Figure 18: Schematic depicting the experiment procedure. Note that screen background was 

black and all stimuli were in white size 18 Arial font.  

 

ERP Recording 

Electrophysiological data were recorded and pre-processed using the same procedure as the 

previous experiments. EEG data epochs began 200 ms before noun onset and ended 900 ms 

after stimulus onset. Following artefact rejection there was an average of 130 trials per 
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condition in Session 1 (SD = 10), and an average of 66 old items (of a possible 78, SD = 7), 

and 33 new items (of a possible 39, SD = 4) for Session 2. 

 

Experimental Design and Statistical Analyses 

Session 1 (Encoding) 

For the analyses of behavioural accuracy and reaction times, the fixed factors were 

Congruency (Congruent, Incongruent), Alliteration (Alliterating, Non-alliterating), and the 

interaction between them.  

Accuracy data were analysed using generalised linear models, for which the fixed 

factors were centred and sum-coded. The maximal random effects structure with correlations 

was modelled, consisting of a between-participant intercept and within-participant slopes of 

Congruency, Alliteration, and their interaction, plus an intercept for word pairs. The formal 

specification for the accuracy model was:  

Accuracy ~ Congruency*Alliteration + (1+ Congruency*Alliteration | Participant) + (1 | 

WordPair)  

Reaction times were also analysed using linear models, and were log transformed 

prior to analysis. Again, the maximal random effects structure with correlations was 

modelled, consisting of a between-participant intercept and within-participant slopes of 

Congruency, Alliteration, and their interaction, plus an intercept for word pairs. The formal 

specification of the model for reaction times was as follows: 

Log(ReactionTime) ~ Congruency*Alliteration + (1+ Congruency*Alliteration | Participant) 

+ (1 | WordPair) 
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ERP mean amplitudes were analysed using a repeated measures ANOVA in the N400 

time-window (300–500 ms over the same 11 centroparietal recording sites as the previous 

experiments). The within-subjects factors were Congruency (Congruent, Incongruent) and 

Alliteration (Alliterating, Non-alliterating). 

 

Session 2 (Test) 

For the behavioural analyses, separate procedures were performed for accuracy and reaction 

times based on convention within the recognition memory literature (Curran & Friedman, 

2004; Danker et al., 2008; Snodgrass & Corwin, 1988; Stanislaw & Todorov, 1999; Tsivilis et 

al., 2015; Võ et al., 2008).  

For accuracy data, a paired-samples t-test was initially conducted comparing 

participants’ hits (the proportion of accurately recognized old items) and false alarms (the 

proportion of incorrectly ‘recognized’ new items), in order to ensure above-chance 

performance.  

Sensitivity measure: We then calculated the discriminability score (d’) for each 

participant per condition, which is calculated as: d’ = z(Hits) - z(False Alarms) (Brophy, 

1986; Stanislaw & Todorov, 1999). This is a measure of discriminability, which gives an 

insight into participants’ sensitivity at recognizing items, and as such may be used to assess 

task performance (Brophy, 1986). d’ scores increase with sensitivity, with any score above 0 

indicating that participants were able to effectively discriminate signal from noise (Brophy, 

1986; Võ et al., 2008; Yonelinas et al., 2010).  

Response bias measure: We also calculated decision criteria (c) scores, which is 

calculated as: c = 0.5 * z(Hits) + z(False Alarms) (Snodgrass & Corwin, 1988; Võ et al., 

2008). C scores give an insight into participants response criterion and biases, with negative 
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values indicating more liberal decision making, and positive values indicating more 

conservative decision making (Võ et al., 2008).  

The sensitivity and response bias measures reported here are independent from one 

another and as such were analysed separately (Snodgrass & Corwin, 1988; Stanislaw & 

Todorov, 1999; Võ et al., 2008). Differences between conditions on proportion of hits, 

proportion of false alarms, d’, and c were analysed via repeated measures ANOVA, with the 

fixed factors of Congruency and Alliteration (see Võ et al., 2008 for similar behavioural 

analyses). 

Reaction times were once again analysed using linear models, and were log 

transformed prior to analysis. As per convention reaction times were only analysed for hits 

and correct rejections (Curran & Friedman, 2004; Danker et al., 2008; Tsivilis et al., 2015). 

The maximal random effects structure with correlations was modelled, consisting of a 

between-participant intercept and within-participant slopes of Novelty (Old, New), 

Congruency (Congruent, Incongruent), Alliteration (Alliterating, Non-alliterating), and their 

interaction, plus an intercept for word pairs. The formal specification of the model for 

reaction times is as follows: 

Log(ReactionTime) ~ Novelty*Congruency*Alliteration + (1 + 

Novelty*Congruency*Alliteration | Participant) + (1 | WordPair) 

For Session 2, the two separate components of the ERP Old/New effect were analysed 

by two repeated measures ANOVAs. The within-subjects factors were Novelty (Old, New), 

Congruency (Congruent, Incongruent) and Alliteration (Alliterating, Non-alliterating). For 

the FN400 analysis the time-window was 300 – 500ms, over fronto-central electrodes (A01, 

C01, CO2, C11, C22, C23, C24, D01, D02). The analysis for the left-parietal effect was 

performed on left-parietal electrodes (500 – 800ms, from electrodes A06, D17, D18, D19, 

D20, D27, D28). These regions and time-windows were chosen on the basis that they are 
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commonly used in the Old/New effect literature (Curran, 2000; Curran & Friedman, 2004; 

Rugg & Curran, 2007; Wilding, 2000).  

Convention within Old/New effect studies is to only analyse correct trials as these 

reflect instances wherein participants genuinely recognize an item, which appears to be 

particularly important for eliciting the left parietal effect (Rugg & Curran, 2007; M. E. Smith, 

1993; Wilding et al., 1995). However, Finnigan et al. (2002) argued that only including 

correct trials in ERP Old/New effects analyses leads to item selection artefacts, since only a 

subset of experimental items are analysed. Additionally, for this experiment there were a 

small number of correct trials available for analysis, particularly in the New condition (Old: 

M = 66.48, SD = 6.71, New: M = 33.32, SD = 3.83), which might have led to reduced 

statistical power. As such we conducted our analyses on only correct trials as per convention, 

but additional analyses including all experimental trials are included in Appendix G.  

 

Results 

Session 1 Behavioural  

Accuracy data revealed a significant fixed effect of congruency (β = 0.91, SE = 0.40, z = 

2.27, p < 0.05), such that there was greater accuracy for incongruent (M = 0.86, SD = 0.1) 

compared to congruent (M = 0.78, SD = 0.09) word-pairs. No significant effect of alliteration 

emerged, but there was a significant interaction between congruency and alliteration (β = 

1.04, SE = 0.33, z = 3.11, p < 0.01) such that accuracy was reduced for congruent non-

alliterating items. No significant fixed effects or interactions emerged for reaction time data, 

see Figure 19 below for behavioural data.  



121 

 

 

Figure 19: Behavioural accuracy (left) and reaction times in milliseconds (right). Error bars 

depict SEM. 

 

 

Session 1 ERP 

In the N400 time-window there was a main effect of congruency (F(1, 23) = 28.95, p < .001, 

η² =  .557), such that N400 amplitude was reduced for semantically congruent items, and a 

main effect of alliteration (F(1, 23) = 25.955, p  < .001, η² = .53) such that amplitude was 

lower for alliterating items. The interaction between congruency and alliteration did not reach 

the significance threshold. See Figure 20 below for the waveform. 
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Figure 20: Mean ERP amplitude from session 1, shaded area represents the window of 

analysis. 

 

Session 2 Behavioural  

Accuracy 

For accuracy, participants had a significantly higher proportion of hits (M = 0.62, SD = 0.15) 

than false alarms (M = 0.26, SD = 0.09; t(23) = 13.894, p < 0.001, d = 2.92), indicating that 

recognition performance was above chance. See Figure 21 below for session 2 accuracy data 

presented as hits, false alarms, d’ scores and C scores. 

 

Hits 

For hits there was a main effect of congruency (F(1, 23) = 84.572, p < .001, η² = .786) such 

that there were more hits for congruent (M = 0.72, SD = 0.14) compared to incongruent (M = 

0.51, SD = 0.18) items. There was also a main effect of alliteration (F(1, 23) = 12.387, p = 
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.002, η² = .350) such that there were more hits for alliterating (M = 0.64, SD = 0.19) 

compared to non-alliterating (M = 0.59, SD = 0.19) items. The interaction between 

congruency and alliteration did not reach significance, however. 

 

False Alarms 

For false alarms there was a main effect of congruency (F(1, 23) = 68.394, p < .001, η² = 

.748) such that there were more false alarms for congruent (M = 0.33, SD = 0.13) compared 

to incongruent (M = 0.19, SD = 0.11) items. There was also a main effect of alliteration (F(1, 

23) = 26.196, p < .001, η² = .532) such that there were more false alarms for alliterating (M = 

0.29, SD = 0.14) compared to non-alliterating (M = 0.22, SD = 0.13) items. The interaction 

between congruency and alliteration did not reach significance, however. 

 

Discriminability (d’) 

When comparing d’ between conditions a significant main effect of congruency emerged 

(F(1, 23) = 4.716, p = 0.04, η² = .170) such that congruent items (M = 1.15, SD = 0.48) were 

more frequently remembered than incongruent items (M = 1.00, SD = 0.49). No other 

significant fixed effects or interactions emerged. 

 

Decision criterion (C) 

When comparing C between conditions a significant main effect of congruency emerged 

(F(1, 23) = 89.15, p < .001, η² = .795) such that congruent items (M = -0.08, SD = 0.39) 

elicited a more liberal response criterion than incongruent items (M = 0.48, SD = 0.43). A 

significant main effect of alliteration also emerged (F(1, 23) = 33.139, p < .001 , η² = .59) 
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such that alliterating items (M = 0.09, SD = 0.48) elicited a more liberal response criterion 

than non-alliterating items (M = 0.30, SD = 0.49). No significant interaction effect emerged, 

however. 

 

Figure 21: Behavioural accuracy, with proportion of hits (top left), proportion of false alarms 

(top right), d’ scores (bottom left), and C scores (bottom right). Error bars depict standard 

error of the mean in all cases. 
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For reaction times significant fixed effects of novelty (β = 0.12, SE = 0.05, t = 2.63, p 

< 0.05) emerged such that participants responded more slowly to new (M = 420.57, SD = 

146.26) than old items (M = 375.76, SD = 113.98). A significant main effect of congruency 

(β = 0.08, SE = 0.03, t = 3.00, p < 0.05) also emerged such that participants responded more 

slowly to semantically incongruent items (M = 401.62, SD = 115.87) as compared to 

semantically congruent items (M = 394.71, SD = 148.15). There was also a significant 

interaction between novelty and congruency (β = -0.19, SE = 0.06, t = -3.07, p < 0.05) 

reflecting that whilst for old items participants responded more slowly when they were 

semantically incongruent (M = 398.68, SD = 115.59) as compared to if they were 

semantically congruent (M = 352.83, SD = 108.74). For new items the opposite pattern 

emerged, and they responded more quickly to semantically incongruent (M = 404.56, SD = 

117.29) as compared to semantically congruent items (M = 436.58, SD = 170.17). No other 

significant fixed effects or interactions emerged, see Figure 22 below for session 2 reaction 

time data. 
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Figure 22: Reaction times in milliseconds for old (left) and new items (right). Error bars 

depict standard error of the mean. 

 

Session 2 ERP 

For the FN400 analysis a significant main effect of novelty (F(1, 23) = 14.033, p < 0.001, η² 

= .379), such that there was greater FN400 amplitude for new compared to old items. There 

was also a significant main effect of alliteration (F(1, 23) = 26.495, p < 0.001, η² = .535), 

such that FN400 amplitude was lower for alliterating compared to non-alliterating items. No 

other main effects of interactions reached the threshold for significance. See Figure 23 below 

for the FN400 Old and New waveforms.  
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Figure 23: Mean ERP amplitudes from the electrodes selected for the FN400 analysis, for 

old items (left), and new items (right). Shaded areas represent the window of analysis. 

 

For the left parietal effect no significant main effects or interactions reached the significance 

threshold. See Figure 24 below for the waveforms for the parietal effects. 

 

Figure 24: Mean ERP amplitudes from the electrodes selected for the left parietal analysis, 

for old items (left), and new items (right). Shaded areas represent the window of analysis. 
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Discussion 

This study examined whether the presence of alliteration, in combination with semantic 

congruency, would boost participants’ memory for short phrases, compared to more 

declarative phrases, as indexed by explicit (behavioural responses) and implicit (ERP) 

responses.  

 

Discussion of Session 1 Results 

Session 1 primarily entailed an encoding session, from which we could measure participants’ 

memory of these ‘old’ items, compared with ‘new’ items, the following day. The session was 

presented as a language experiment, which crucially did not alert participants that their 

memory would be tested the following day. Given that the session was also identical to the 

experiments presented in the previous chapters, we also took the opportunity to attempt to 

examine the consistency of our previous findings via a replication.   

For accuracy measures, a congruency effect again emerged, with greater accuracy for 

incongruent compared to congruent items. Alliteration modulated this effect in an interesting 

way as it appeared to boost performance for congruent items, consistent with Experiment 3 

results. This lends further support to our claim that alliteration causes participants to associate 

the adjective and noun beyond the level of semantic association (Egan et al., 2020). As such 

the presence of alliteration leads to more accurate responses for semantically congruent pairs, 

but fewer accurate responses for incongruent items. Response times were similar across 

conditions.  

Consistent with our expectations, semantic congruency also modulated the N400 

response, such incongruent items elicited greater mean amplitudes. Alliteration also 

modulated N400 mean amplitude, such that alliterating items elicited smaller mean 
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amplitudes, irrespective of whether the items were congruent or not. This suggests that 

alliterating phrases were processed as more related than their non-alliterating counterparts, 

reflecting what was shown in the accuracy data. Thus, alliteration modulates semantic 

integration for both congruent and incongruent items, which differs from what was found in 

Experiment 1 (Egan et al., 2020).  

There were some procedural differences between this study and the previous chapters 

which may have contributed to the different results observed here. Firstly, no filler items were 

included in this experiment, and the ratio of alliterating to non-alliterating stimuli was 

therefore higher: half of the items alliterated, which may have caused higher expectation and 

awareness of alliteration that was not present in our previous studies (in which only a third of 

all items alliterated). It is possible that this higher proportion of alliterating items created an 

alliteration-expectancy that was not present in our previous studies, which may account for 

the greater N400 amplitude seen for non-alliterating as compared to alliterating items in this 

study, which was absent in previous studies (though it should be noted that a similar pattern 

was seen when the data from typical readers in experiments 1 and 2 were pooled). However, 

it is important to note that the context was still not overtly biasing towards the presence of 

our phonological manipulation, as it typically is in studies that use excerpts from poetry as 

their stimuli (cf. Chen et al., 2016; Obermeier et al., 2015). Indeed, the nature of the 

behavioural task in session 1 would likely cause participants to focus their attention on the 

semantic relationship between the adjective and the noun. Overall, the results of Session 1 

bolster the findings from previous experiments which showed through both explicit and 

implicit measures, that alliteration can modulate semantic processing (Egan et al., 2020). 
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Discussion of Session 2 Results 

The primary purpose of this study was to examine whether alliteration and semantic 

congruency had an impact on participants’ ability to recognize items.  

 Explicit behavioural responses: Based on the pattern of results from participants’ 

proportion of hits and false alarms, and their decision criteria scores, it appears that their 

response bias was affected by both alliteration and semantic congruency. Participants were 

more likely to respond that an item was old when it was semantically congruent or when it 

alliterated. This is reflected both in the C scores, and in the fact that there were both more hits 

and more false alarms for congruent and alliterating items. It should be noted that response 

bias is independent of participants’ actual accuracy/sensitivity to detecting previously seen 

stimuli (Snodgrass & Corwin, 1988; Stanislaw & Todorov, 1999). As such participants’ 

sensitivity must be discussed to fully understand the pattern of results. 

Analysis of d’ revealed that participants were better at accurately detecting old items 

when they were semantically congruent than when they were semantically incongruent. This 

is interesting, firstly as it indicates that there is a genuine effect of semantic congruency on 

participants’ ability to recognize whether or not they had previously encountered a word pair. 

This is in line with previous research indicating that semantic relatedness improves both 

recognition and recall, when compared to semantically unrelated items (Desaunay et al., 

2017; Dougal & Rotello, 2007; Hawco et al., 2013; Talmi & Moscovitch, 2004).  

The response bias and sensitivity analyses indicate that alliteration does not actually 

improve participants’ recognition memory performance. Instead it makes them more likely to 

respond that they have seen an item before, regardless of whether this is actually the case. As 

such, these results suggest that the presence of alliteration increases the familiarity of an item, 

as opposed to increasing recollection of the item (Dougal & Rotello, 2007; Yonelinas et al., 
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2010). This is perhaps analogous to the effect of emotionally arousing words, which also lead 

to a more liberal response bias in the absence of increased sensitivity (Dougal & Rotello, 

2007).  

The reaction time data revealed that for hits, participants responded more quickly to 

semantically congruent than incongruent items, whereas the opposite was true for correct 

rejections. This is in line with the accuracy results, as participants were both more sensitive 

to, and had a response bias towards semantically congruent items. As such, it might make 

sense that they would be primed to respond more quickly to items that were in line with their 

bias, i.e. congruent items when they are old and incongruent items when they are new. No 

effect of alliteration emerged for reaction times, once again suggesting that it did not have an 

overt influence on participants’ recognition memory. 

Implicit neurocognitive responses: As discussed previously the FN400 ERP effect is 

an index of familiarity, which may be conceptualised as the quantitative strength of a memory 

trace as opposed to the experience of actively remembering encountering something 

(Yonelinas et al., 2010). As expected, there was greater FN400 amplitude for new than for old 

items, indicating that participants found old items more familiar (Rugg & Curran, 2007; 

Yonelinas, 2002). There was also a larger FN400 to non-alliterating, as compared to 

alliterating items. This is in line with the accuracy results, indicating that participants found 

alliterating items more familiar than non-alliterating items (Addante et al., 2012; Dougal & 

Rotello, 2007). There was no effect of semantic congruency on familiarity, however.  

 The left-parietal ERP effect, is thought to index recollection, with greater relative 

positivity reflecting items recognized based on explicit recollection of the context in which it 

was previously encountered (Wilding, 2000; Yonelinas, 2002). There was no difference in 

amplitude between old and new items for this effect, which would indicate that participants 
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did not recall having previously encountered items. This is not surprising given both the large 

number of stimuli in this experiment, and the long delay between testing sessions. As such 

participants may not have been able to specifically recall encountering each word pair, 

instead making their decisions based on memory strength (Addante et al., 2012; Yonelinas et 

al., 2010). 

Alliteration: For alliteration, the results are quite interesting, as alliteration appears to 

have a strong effect on participants’ perception of item familiarity, which in turn led to 

erroneous reporting of having previously seen ‘new’ items. However, alliteration did not 

actually boost participants’ ability to detect the presence of a previously encountered item. In 

this way, it appears that alliteration leads to an illusion of memory. This is contrary to what 

was predicted based on previous behavioural research (Boers et al., 2014; Boers & 

Lindstromberg, 2005; Lea et al., 2008; Lindstromberg & Boers, 2008). However, this 

previous research either focused solely on short-term memory and/or had a small number of 

items to encode. As such, it is possible that alliteration has genuine mnemonic effects for 

short-term memory and when the recognition task is easier, but at longer retention intervals 

merely leads to a strong feeling of familiarity.  

 Semantic Congruency: Overall, the results for semantic congruency are surprising, as 

behaviourally semantic congruency appears to boost recognition memory, but it had no effect 

on the neural indexes of recollection or familiarity. This was particularly surprising as 

previous research indicated that semantic congruency boosted both familiarity and 

recollection (Desaunay et al., 2017). One possible interpretation of this is that our task (which 

was designed to measure explicit memory processes), is also indexing implicit memory 

processes, specifically conceptual priming (Voss et al., 2012; Voss & Paller, 2006). 

Conceptual priming refers to the phenomenon in which exposure to a stimulus influences 

subsequent conceptual processing of that stimulus (Voss et al., 2012; Voss & Paller, 2006). 
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This phenomenon has been shown to be related to familiarity, although the two are thought to 

be distinct processes (Voss et al., 2012). Research on this form of priming has shown that 

when items are encoded with semantically relevant information, this leads to greater accuracy 

in recognition judgements, and faster reaction times for correct recognition judgements (Voss 

& Paller, 2006). As such, it seems likely that this is driving the behavioural effects that are 

appearing for our semantically congruent items, as the reaction time data appear to suggest a 

clear priming effect is at play. This is interesting, as this priming effect led to a genuine 

improvement in recognition judgement accuracy, which was not seen in other conditions.  

 

Conclusion 

The results of this study give an interesting insight into the effects of both alliteration and 

semantic congruency on recognition memory. Contrary to what was predicted based on 

previous research alliteration did not improve participants’ ability to recognize previously 

seen items. Interestingly however, alliterating phrases made participants more likely to think 

that they had seen the phrases previously. These familiarity effects were observed in both 

explicit behavioural responses and their neurocognitive responses. In contrast, semantic 

congruency improved participants’ ability to detect old items, but not at the level of online 

semantic integration. We posit that this is due to conceptual priming effects. 
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Chapter 7 

General Discussion 
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7.0. Chapter Overview 

The aim of this thesis was to build on recent findings from neurocognitive poetics and to 

investigate ways in which sound and semantics interact outside of the context of poetry. In 

Chapter 1, I outlined my three primary research questions as follows: 

 

RQ1 How does phonological repetition between words affect semantic processing and 

attentional engagement? 

RQ2 How does phonological repetition between words affect semantic processing and 

attentional engagement in poor readers? 

RQ3 How does the relationship between sound and meaning affect memory? 

 

The answers to these questions were sought in four empirical studies. I will now summarise 

how the findings from this work, combined with the extant literature, shed light on these 

issues. I finish by outlining directions for future research.  

 

7.1.  How does phonological repetition between words affect semantic processing and 

attentional engagement? 

Recent work in neurocognitive poetics suggests that phonological repetition in poetry can 

attract reader attention, and help to link otherwise unrelated concepts (Carminati et al., 2006; 

Chen et al., 2016; Hanauer, 1998; Jakobson, 1960; Scheepers et al., 2013; Vaughan-Evans et 

al., 2016). Much of this research concludes that poetry creates a special context wherein the 

expectation of specific phonological repetition is greater than the expectation for semantic 
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congruency, which is at the forefront in typical declarative language (Chen et al., 2016; 

Hanauer, 1998; Jakobson, 1960; Scheepers et al., 2013). Here, we wanted to investigate 

whether alliteration, which is a form of phonological repetition that is often used in poetry 

(Fabb, 2010), would attract additional reader attention, and influence semantic 

comprehension outside of the context of poetry. 

 This research question was addressed in each of the four experiments of the thesis. 

Overall, our results indicated that alliteration created the illusion of meaning, but only 

semantic congruency significantly affected attentional processing. The main findings and 

conclusions relating to these findings are summarised below. 

 Behavioural effects: Participants performed a semantic relatedness judgement task, 

in which they judged whether a word-pair ‘made sense’. Participants consistently judge 

incongruent items more accurately on such tasks (Boutonnet et al., 2014; Nuthmann & Van 

Der Meer, 2005; Schulz et al., 2008; Wu et al., 2011), and this effect emerged in all four of 

the studies reported here. However, we also found that overall, alliteration consistently 

reduced participants’ accuracy: an interesting and novel finding emerging from this series of 

studies, suggesting that alliteration caused participants to erroneously think that the word 

pairs shared a semantic relationship.  

 Despite this overall trend, the specific effect of alliteration did vary somewhat across 

experiments. In all cases, alliteration decreased accuracy for incongruent items, yet its effect 

on congruent items was more variable: Alliteration had no effect on accuracy for 

semantically congruent items in Experiments 1 and 2, but alliteration then increased accuracy 

for semantically congruent items in Experiments 3 and 4. This finding is consistent with our 

interpretation, as the phonological association assists participants in judging whether or not a 

word pair is semantically related. The effect is clearly less robust than that for incongruent 
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items, however, which may be due in part to small modifications to the paradigm made 

across experiments. There were proportionally more alliterating items in Experiment 4, which 

may have increased alliteration saliency. However, this account does not explain a similar 

pattern of effects in Experiment 3, since the proportion of alliterating items was similar to 

those in Experiments 1 & 2. To conclude this section on the behavioural findings, we find 

that alliteration consistently creates ambiguity for semantically incongruent phases, 

suggesting that phonological repetition creates the illusion of meaning, manifest even at the 

level of overt semantic judgements. However, the effect of sound on semantically congruent 

phrases remains unclear. 

 N400 effects (Experiments 1, 2 & 4): Consistent with our predictions, we found that 

semantic congruency consistently modulated online semantic processing: semantically 

incongruent items elicited larger mean amplitudes in all experiments (Kutas & Federmeier, 

2011). Whilst the impact of alliteration on the N400 was somewhat less consistent, a general 

pattern emerged in which alliteration modulates online semantic processing in a similar 

fashion to semantic congruency. Specifically, alliteration appeared to reduce the N400 mean 

amplitude (Experiments 1 & 4); most consistently reducing amplitudes for semantically 

incongruent item (cf. the interaction effect in Experiment 1), again suggesting – considering 

the behavioural findings we just reviewed – that the effect of phonological repetition on 

semantic processing and judgement is more likely when there is ambiguity concerning the 

semantic link, as is the case with incongruent items. However, we must also consider that the 

effect of alliteration on semantic congruency is simply less robust, and that more power 

would yield effects (when the data from Experiments 1 & 2 are pooled we see a similar 

pattern to Experiment 4).    

 However, the N400 results from Experiment 2 did not fit this overall pattern. An 

effect of congruency was found, but with no alliteration effect, as seen in the other studies. In 
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Chapter 4, we proposed that verbal IQ may play a key role in modulating N400 effects in our 

current paradigm, owing to poorer lexical quality in the case of low IQ; analogous to ‘poor 

comprehenders’ (typical readers, who are less skilled at reading comprehension; Perfetti, 

2007). Indeed, N400 differences have been previously shown between good and poor 

comprehenders, which are similar to our results (Landi, 2010; Landi & Perfetti, 2007; Perfetti 

et al., 2005). See section 7.4. Directions for Future Research for a suggestion on how to 

further study this relationship between verbal IQ and N400 amplitude. However, our N400 

results generally suggest that alliteration causes participants to perceive meaning in phrases 

even when there is none. 

 Pupil dilation: In RQ1 we also asked whether phonological repetition attracts 

readers’ attention, based on the idea that foregrounding techniques attract readers attention 

(Jacobs, 2015b, 2015a; Miall & Kuiken, 1994), and previous research which found greater 

dilation to rhyme-scheme incongruencies (Scheepers et al., 2013).. We investigated this issue 

over three experiments (1, 2 & 3), through the use of pupil dilation: an index of autonomic 

arousal and attention (Laeng et al., 2012; Mathôt, 2018; Wang et al., 2018). We found no 

effect of phonological repetition on pupil dilation across all three experiments. However, 

phonological repetition may be more salient in the context of poetry (Chen et al., 2016; 

Hanauer, 1998; Jakobson, 1960; Scheepers et al., 2013) than in short declarative phrases, and 

the disparity between our results and others (Scheepers et al, 2013) may prove to be a matter 

of context.  

 A surprising result across experiments was that semantic congruency was the 

condition that resulted in increased pupil dilation. This was contra our predictions, based on 

previous research in which expectancy violations increase pupil dilation (Kuipers & Thierry, 

2011; Laeng et al., 2011; Scheepers et al., 2013). However, our findings are in fact in line 

with previous research, and there are two possible interpretations for this result: First, greater 
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dilation is observed in response to particularly interesting stimuli (M. M. Bradley et al., 2008; 

Hess & Polt, 1960; Murphy et al., 2014; Wang et al., 2018), which is how we initially 

interpreted this result (cf. Experiments 1 and 2).  

Second, that larger dilation indexes greater cognitive load (Beatty, 1982; Hess & Polt, 

1964; Krejtz et al., 2018; Nuthmann & Van Der Meer, 2005; Van Gerven et al., 2004). 

Indeed, Nuthmann and Van Der Meer (2005) found strikingly similar results to ours, in that 

participants had greater pupil dilation to semantically related than unrelated word-pairs, 

which they interpreted as greater resource demand for related compared with unrelated items. 

Further support for this interpretation comes from our behavioural results, wherein accuracy 

was consistently worse for congruent items (this is again observed in Nuthmann & Van Der 

Meer, 2005). It is difficult to distinguish between these alternatives, based on the current data. 

 Correlation analyses: In Experiments 1 and 2 we conducted correlation analyses 

between pupil dilation and mean N400 amplitude, in order to examine whether ease of 

semantic integration affected attentional engagement. We did not have an a priori directional 

hypothesis for this relationship. In Experiment 1, we reported two significant correlations. 

The first was in the time-window for the pupil orienting response, which indexes involuntary 

shifting of attention towards a stimulus (Mathôt, 2018; Wang & Munoz, 2015; Wetzel et al., 

2016). This was a negative correlation for the incongruent non-alliterating condition, 

meaning that as N400 amplitude increased, so did pupil dilation. This effect often emerges in 

response to surprising stimuli (Wetzel et al., 2016), and we interpreted this effect as a 

measure of participants’ perception of maximal  unrelatedness / unexpectedness, as stimuli 

were neither semantically congruent or alliterating. 

 A second correlation – also negative – appeared in the later time-window, indicating 

that for semantically congruent alliterating stimuli, greater N400 amplitude was also 
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associated with greater pupil dilation. In other words, when phrases were more difficult to 

process, more attention was recruited. The exact mechanism underlying this attentional 

increase is unclear (see section above, in which our pupillary results and cognitive correlates 

are outlined). Under one of our proposed accounts, semantically and phonologically 

congruent pairs engage attention beyond that of semantic and phonological congruency 

considered separately (Egan et al., 2020). Alternatively, this correlation simply indexes 

greater cognitive load, associated with greater semantic integration difficulty. Additionally, 

no similar correlations emerged for Experiment 2. While we propose that this may be due to 

inconsistencies in the N400 results, we exercise caution in overinterpreting these effects.  

 In sum, the evidence presented in this thesis suggests that alliteration can create the 

illusion of meaning, both at the behavioural and implicit neurocognitive level. But there is 

insufficient evidence to suggest that phonological repetition modulates attentional processing.  

  

7.2. How does phonological repetition between words affect semantic processing and 

attentional engagement in poor readers? 

Having examined the effect of phonological repetition on the semantic and attentional aspects 

of reading phrases in typical readers (RQ1), we then examined the relationship – and any 

deviations – in poorer readers, namely adults with developmental dyslexia. In Experiment 2, 

we therefore compared typical readers with adults with developmental dyslexia on the same 

procedure as in Experiment 1. Overall our results suggest that phonological repetition has no 

effect on implicit semantic or attentional processing for readers with dyslexia, but that their 

overt semantic relatedness judgements were influenced by alliteration. In regard to implicit 

semantic processing this was contrary to the pattern for typical readers overall, but not for 
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experiment 2 (see section above). The main findings and conclusions relating to this will now 

be outlined below. 

 Behavioural effects: Participants with dyslexia were poorer at accurately judging  

semantic relatedness compared to typically developed readers, in line with previous research 

(Schulz et al., 2008). Their pattern of results for behavioural accuracy was similar to that 

shown by typical readers however, with reduced accuracy for semantically related, and 

alliterating pairs. This was an interesting finding as individuals with dyslexia are thought to 

have a phonological deficit, and as such, it might have been expected that they would be less 

sensitive to the presence of alliteration, but this was not the case (Ahissar, 2007).  

N400 effect: The ERP results revealed a classic semantic congruency effect for 

participants with dyslexia, in which semantically incongruent items elicited greater N400 

mean amplitudes (Kutas & Federmeier, 2011), similar to typical reading peers. Whilst visual 

inspection of the data suggested that N400 amplitude may have been reduced in participants 

with dyslexia in line with previous research (Schulz et al., 2008), which would be indicative 

of impaired ability to detect semantic incongruency (Schulz et al., 2008), the effect did not 

reach statistical significance, and participants were behaviourally better at detecting semantic 

incongruency than congruency. Alliteration did not modulate N400 amplitude for participants 

with dyslexia, suggesting that phonological repetition does not influence ease of semantic 

processing for this group (in contrast with the behavioural data). At first glance, this pattern 

may suggest a delayed effect of phonological repetition in dyslexia, manifest only in 

behavioural measures. Yet, a similar effect was seen in the Experiment 2 typical group (see 

section above), suggesting that this pattern may be indicative of reading difficulty and/or low 

IQ. 
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Pupil dilation: Our predictions for dyslexic participants’ pupillary responses were 

explorative, given that this was the first study to test the method in the context of dyslexia. 

The pupillary pattern was broadly consistent with that found for typical readers throughout 

the thesis, with larger pupil dilation for semantically congruent as compared to incongruent 

words. Whilst there remains some uncertainty as to what this effect indexes (i.e. an 

attentional increase due to interest or due to difficulty), what clearly emerges from the 

pupillary data, combined with the preserved congruency effects on accuracy and the N400, 

that participants with dyslexia had similar semantic processing to typical readers. An 

unexpected finding was that participants with dyslexia had generally reduced pupillary 

responses as compared to typical readers, regardless of condition. Our explanation for this 

global effect is necessarily speculative, but it may reflect a generalized attentional deficit 

(Gabrieli & Norton, 2012; Hari & Renvall, 2001; Krause, 2015; Lonergan et al., 2019; 

Shaywitz et al., 1998), or a diminished attentional response specific to orthographic stimuli. 

Under the latter account, their reduced attentional response to words may reflect specific 

deficits regarding orthographic binding (Blomert, 2011; Jones et al., 2016) or lexical quality 

(Landi & Perfetti, 2007; Perfetti, 2007). See section 7.4. Future Directions below, for a 

suggested experiment to isolate the factors driving this unexpected finding. 

In contrast with typical readers, dyslexic readers yielded a significant correlation for 

congruent alliterating items, between N400 mean amplitude and pupil dilation. Specifically, a 

smaller change in pupil dilation when semantic integration was difficult (as indexed by a 

larger N400). Whilst exercising caution in interpreting these results, we propose that when 

sematic processing of phrases is difficult, dyslexic participants recruit less attention. 

Interestingly, this is the exact opposite of what we found for typical readers in Experiment 1 

(Egan et al., 2020). Semantically congruent phrases with alliteration therefore appear to result 
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in a reading-ability-dependent dissociation, wherein more semantically difficult recruits more 

attention for typical readers, but less attention for readers with dyslexia.  

Overall, our results suggest that implicit semantic and attentional processes are not 

affected by phonological repetition for participants with dyslexia. As such we suggest that 

different features of a text may be mainly involved in engaging these readers, such as 

backgrounding features (e.g. plot, characterisation), or non-phonological foregrounding (e.g. 

metaphor) (Jacobs, 2015b, 2015a). Phonological repetition did influence participants overt 

behavioural responses however, contradicting the idea that participants are completely 

insensitive to the presence of alliteration. 

 

7.3. How does the relationship between sound and meaning affect memory?  

Based on the findings in relation to RQ1, and the previous literature surrounding the potential 

mnemonic effects of alliteration (Fabb, 2010), we next set out to study how the relationship 

between sound and meaning impacts memory. In Experiment 4, we tested participants’ ERP 

responses related to recognition memory for word-pairs that were orthogonally manipulated 

across the dimensions of semantic congruency and alliteration. Based on previous research, 

we predicted better memory for word-pairs that were semantically congruent (Desaunay et 

al., 2017; Dougal & Rotello, 2007; Hawco et al., 2013; Talmi & Moscovitch, 2004) and 

alliterating (Boers et al., 2014; Boers & Lindstromberg, 2005; Fabb, 2010; Lea et al., 2008; 

Lindstromberg & Boers, 2008). Whilst we did not find a mnemonic effect of phonological 

repetition overall, alliteration made items seem more familiar, regardless of whether or not 

they had been previously seen. Additionally, semantic congruency appeared to lead to a 

conceptual priming affect that improved recognition accuracy. The main findings and 

conclusions relating to these effects will now be outlined below. 
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Behavioural effects:  We showed that semantic congruency, but not alliteration, 

influenced participants ability to quickly and accurately recognize previously encountered 

word-pairs. However, participants’ response bias (i.e. their tendency to overestimate the 

likelihood of an item being old) was influenced by both semantic congruency and alliteration 

(Stanislaw & Todorov, 1999). As such, participants were more likely to respond that they had 

previously seen an item if it was semantically congruent, or alliterating, but were also only 

more likely to correctly judge whether an item was previously encountered if it was 

semantically congruent. For semantic congruency, these effects were in line with predictions 

(Desaunay et al., 2017), but the alliteration results were unexpected, and suggest that 

alliteration made participants more likely to think that they had previously encountered an 

item, regardless of whether this was the case. Participants therefore had more hits, but also 

more false alarms to items that alliterated.  

 ERP Old/New effects: The ERP Old/New effect results showed no effect of semantic 

congruency on either the index of familiarity (the FN400) or recollection (the left parietal 

effect). This pattern suggests that the increase in recognition speed and accuracy that we see 

for semantically congruent word pairs is due to neither familiarity nor recollection (Addante 

et al., 2012; Skinner & Fernandes, 2007), but rather emerges as a result of conceptual priming 

(Voss et al., 2012; Voss & Paller, 2006). This is a dissociable process from familiarity 

(although the two are related), and reflects easier processing of a stimulus on the second 

presentation when it has previously been encoded with semantically relevant information 

(Voss et al., 2012; Voss & Paller, 2006). Thus, it appears likely that our congruency results 

reflect priming effects, as opposed to the dual-processes that we intended to measure (Voss et 

al., 2012; Yonelinas et al., 2010). The results are still interesting, however, as semantic 

congruency led to a genuine increase in recognition accuracy and speed, regardless of the 

underlying mechanism. 
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The ERP results suggest that alliteration modulated item familiarity, with alliterating 

items being more familiar (FN400; again, no effects were shown for recollection). Our 

original hypothesis, derived from literary theory, proposed that alliteration could serve as a 

mnemonic device; built into epic poetry in order to aid memory for long pieces (Fabb, 2010; 

Rubin, 1995). Indeed, alliteration is an effective memory cue in second language learning, 

even when presented covertly (Boers et al., 2014; Boers & Lindstromberg, 2005; Lea et al., 

2008; Lindstromberg & Boers, 2008). It therefore seems somewhat surprising that the 

alliteration effects that we see are related to response bias and familiarity alone, as opposed to 

indexing any real improvements in recognition memory.  

Previous literature examining the mnemonic effects of alliteration solely use 

behavioural methods, usually with a small number of items (~ 30; Boers & Lindstromberg, 

2005; Boers et al., 2014; Lindstromberg & Boers, 2008; Lea et al., 2008). Our results should 

therefore be considered in the context of a relatively more difficult recognition task, since 

there were many more items to be encoded (312 items). Additionally, no previous studies 

included alliterating foil items. As such, it is difficult to ascertain whether previous studies 

showed genuine alliteration-driven improvements in recollection, or an increased sense of 

familiarity. Indeed, rather than comprising a mnemonic device, our results suggest that 

alliteration can actually be misleading in causing participants to erroneously think that they 

have encountered an item. Increased familiarity may indeed be the mechanism underpinning 

the mnemonic effects of alliteration that are typically reported (Fabb, 2010; Rubin, 1995), in 

aiding recognition of the alliterating item when compared to non-alliterating items that would 

also fit within the context of the poem/idiom (Boers et al., 2014; Boers & Lindstromberg, 

2005; Lindstromberg & Boers, 2008).  
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7.4. Directions for Future Research 

In this section, I outline some potential directions for future research stemming from the 

overall conclusions of the thesis. The first two proposed experiments attempt to explain the 

unexpected findings in this thesis. The final experiment then attempts to bridge the gap 

between the findings of this thesis, and the more traditional research conducted in 

neurocognitive poetics (i.e. investigating stylistic techniques in the context of poetry).  

 One question that arose throughout the thesis was the relationship between verbal IQ, 

and semantic integration. This factor emerged as an unexpected finding from the post-hoc 

analyses of Experiment 2, which suggested that individuals with lower verbal IQ had 

generally more difficulty with semantic integration. We tentatively suggested that lower IQ 

may incur poorer comprehension skills, which is known to affect N400 amplitude, and which 

correlates with measures of verbal IQ (Landi & Perfetti, 2007; Nation et al., 2004; Perfetti, 

2007; Perfetti et al., 2005; Ricketts et al., 2007; Snowling & Hulme, 2013). However, since 

we did not measure comprehension directly, we can make few further speculations on this 

point from the current data. In order to further examine the relationship between the N400 

and verbal IQ (and indeed, how this affects sensitivity to alliteration), I suggest a pseudo-

replication of Experiment 2, including groups of equivalent N low and high verbal IQ 

participants. Participants should be pre-screened for verbal IQ score to ensure equal numbers 

between groups, and a measure of reading comprehension should also be administered, to 

isolate whether the verbal IQ effect that we found here is indeed indicative of the underlying 

deficit of poor comprehension (Landi, 2010; Landi & Perfetti, 2007; Perfetti, 2007; Perfetti et 

al., 2005). 

 Another question that arose relates to the unexpected finding from Experiment 2, in 

which individuals with dyslexia manifested generally reduced pupil dilation compared with 
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typically developed readers. As we suggest in the discussion of Experiment 2, the reduced 

pupillary response may emerge from an attentional deficit (Gabrieli & Norton, 2012; 

Lonergan et al., 2019; Shaywitz & Shaywitz, 2008), or a specific difficulty in processing text 

(Perfetti, 2007). Here I propose an experiment that would isolate whether this reduced 

pupillary response is elicited by linguistic input in general, or whether it is specific to 

orthographic input. In a similar paradigm as implemented in the thesis (e.g., Experiment 4), I 

would examine pupil dilation in a between groups design (readers with or without dyslexia). 

Participants would be shown word-pairs orthogonally manipulated for semantic congruency, 

presented visually and auditorily. If participants with dyslexia show a diminished pupillary 

response to all stimuli, then this would indicate generally lower engagement with, and arousal 

to, linguistic stimuli, lending weight to the argument that dyslexia implicates impaired 

attention (Doyle et al., 2018; Hari & Renvall, 2001; Krause, 2015; Lonergan et al., 2019; 

Shaywitz & Shaywitz, 2008). If, however, dyslexic readers’ pupil responses to auditory 

stimuli are similar to typical readers, but reduced for visual stimuli, then the evidence would 

indicate a specific deficit for written words. This findings would indicate a deficit in 

consolidating orthographic information, similar to the argument of poor lexical quality 

(Perfetti, 2007) or the integrity of orthographic representations (Blomert, 2011; Jones et al., 

2016). The latter seems the most likely outcome, given that dyslexia is a specific reading 

impairment (Lyon et al., 2003).   

 Finally, a third experiment would extend the findings of the current thesis, bridging 

the gap between these experiments, and those which utilize poetry as stimuli. The 

experiments contained in this thesis shed light on the neurocognitive effects of alliteration in 

short two-word phrases and were designed as such in order to obtain maximal experimental 

control over the stimuli. However, most current research on the effects of such 

phonologically based stylistic techniques have embedded in the context of poetry (Carminati 
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et al., 2006; Chen et al., 2016; Obermeier et al., 2013; Scheepers et al., 2013, see Vaughan-

Evans et al., 2016 for a notable exception). As such, we now have an understanding of how 

such stylistic techniques function both within a poem, and in declarative word-pairs. Future 

research could focus on bridging the gap between these approaches, to see for example how 

much poetic context is needed in order for the genre expectation to supersede the expectation 

for semantic congruency (Chen et al., 2016; Scheepers et al., 2013). In our experiments there 

was very little expectancy for alliteration, whereas previous research has used types of poetry 

with a very salient rhyme-scheme (Chen et al., 2016; Scheepers et al., 2013). As such, an 

interesting avenue for future research could be to investigate the effects of phonological 

repetition within poetry, in which there is a lower expectancy. For example, alliteration 

within poetry can create a different level of expectancy depending on how many words share 

the same initial sound. Poems could therefore be modified, so that the effects of phonological 

repetition and semantic congruency could be examined within the context of poems, with 

differing levels of alliteration expectancy. See this excerpt from ‘Paradise Lost’ for an 

example of alliteration within a poem:  

“But blessed forms in whistling storms 

Fly o’er waste fens and windy fields” (Milton, 2000) 

In the above example the final word “fields” is in-line with the alliteration expectancy 

built up by “fly” and “fens”. However, it is less of a biasing context than rhyme-scheme in a 

Limerick would be (cf. Scheepers et al., 2013), and more biasing than if only one word 

shared the alliteration scheme, as in “but blessed” in the line before it. Such a situation could 

be utilized experimentally, by using similar manipulations to those used in this thesis, with 

the final word of that excerpt being manipulated for semantic congruency and alliteration. For 

example; “Fly o’er waste fens and windy fields” (congruent alliterating), “Fly o’er waste fens 
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and windy hills” (congruent non-alliterating), “Fly o’er waste fens and windy fears” 

(incongruent alliterating), “Fly o’er waste fens and windy tricks” (incongruent non-

alliterating). By measuring N400 mean-amplitude to the final word in each case, we would be 

able to ascertain whether the findings of this thesis, which suggest that alliteration can cause 

an illusion of meaning, still stand in the context of poetry. In such a case we would expect 

greater N400 amplitude in response to semantic incongruency, but that this would be 

modulated by the presence of alliteration (cf. Egan et al., 2020). If, however, a larger N400 is 

only seen for semantically unrelated items that also alliterate (analogous to Chen et al., 2016) 

then this would suggest that genre is influencing processing of the text, such that adherence to 

stylistic language is more salient than semantics. This would lend support for the genre 

specific hypothesis, and extend previous findings by showing that it is not only the case when 

a very strong expectancy is established (Chen et al., 2016; Hanauer, 1998; Scheepers et al., 

2013). 

 

7.5. Final Summary 

In this thesis, my overall aim was to investigate the effects of phonological repetition on 

semantic processing and attention. This aim was achieved via three main research questions: 

1) How does phonological repetition between words affect semantic processing and 

attentional engagement? 2) How does phonological repetition between words affect semantic 

processing and attentional engagement in poor readers? 3) How does the relationship between 

sound and meaning affect memory? Over four experiments I have established that: 1) for 

typical readers, phonological repetition in the form of alliteration creates an illusion of 

meaning, linking words beyond the level of semantic relatedness, 2) this is not the case for 

readers with dyslexia, though alliteration does impact their semantic relatedness judgements, 
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3) semantic congruency recruits additional reader attention but phonological repetition does 

not, and 4) the presence of alliteration creates a false sense of familiarity for word-pairs, but 

does not improve recognition memory. Finally, I outlined proposals for future research, 

which would clarify two outstanding questions from this thesis, and help to link it with the 

existing literature on neurocognitive poetics.  

  



152 

 

References 

Acheson, D. J., & MacDonald, M. C. (2011). The rhymes that the reader perused confused 

the meaning: Phonological effects during on-line sentence comprehension. Journal of 

Memory and Language, 65(2), 193–207. https://doi.org/10.1016/J.JML.2011.04.006 

Acheson, D. J., Wells, J. B., & MacDonald, M. C. (2008). New and updated tests of print 

exposure and reading abilities in college students. Behavior Research Methods, 40(1), 

278–289. https://doi.org/10.3758/BRM.40.1.278 

Addante, R. J., Ranganath, C., & Yonelinas, A. P. (2012). Examining ERP correlates of 

recognition memory: evidence of accurate source recognition without recollection. 

NeuroImage, 62(1), 439–450. https://doi.org/10.1016/j.neuroimage.2012.04.031 

Ahissar, M. (2007). Dyslexia and the anchoring-deficit hypothesis. Trends in Cognitive 

Sciences, 11(11), 458–465. https://doi.org/10.1016/J.TICS.2007.08.015 

Ahissar, M., Lubin, Y., Putter-Katz, H., & Banai, K. (2006). Dyslexia and the failure to form 

a perceptual anchor. Nature Neuroscience, 9(12), 1558–1564. 

https://doi.org/10.1038/nn1800 

Ahlner, F., & Zlatev, J. (2010). Cross-modal iconicity: A cognitive semiotic approach to 

sound symbolism. Sign Systems Studies, 38(1/4), 298–348. 

Aly, M., Yonelinas, A. P., Kishiyama, M. M., & Knight, R. T. (2011). Damage to the lateral 

prefrontal cortex impairs familiarity but not recollection. Behavioural Brain Research, 

225(1), 297–304. https://doi.org/10.1016/J.BBR.2011.07.043 

Amitay, S., Ben‐Yehudah, G., Banai, K., & Ahissar, M. (2002). Disabled readers suffer from 

visual and auditory impairments but not from a specific magnocellular deficit. Brain, 

125(10), 2272–2285. https://doi.org/10.1093/brain/awf231 



153 

 

Amitay, S., Ben‐Yehudah, G., Banai, K., & Ahissar, M. (2003). Reply to: Visual 

magnocellular deficits in dyslexia. Brain, 126(9), e3–e3. 

https://doi.org/10.1093/brain/awg218 

Arnold, J. E., Strangmann, I. M., Hwang, H., Zerkle, S., & Nappa, R. (2018). Linguistic 

experience affects pronoun interpretation. Journal of Memory and Language, 102, 41–

54. https://doi.org/10.1016/J.JML.2018.05.002 

Asano, M., Imai, M., Kita, S., Kitajo, K., Okada, H., & Thierry, G. (2015). Sound symbolism 

scaffolds language development in preverbal infants. Cortex, 63, 196–205. 

https://doi.org/10.1016/J.CORTEX.2014.08.025 

Aston-Jones, G., & Cohen, J. D. (2005). An Integrative Theory Of Locus Coeruleus-

Norepinephrine Function: Adaptive Gain and Optimal Performance. Annual Review of 

Neuroscience, 28(1), 403–450. https://doi.org/10.1146/annurev.neuro.28.061604.135709 

Barr, D. J., Levy, R., Scheepers, C., & Tily, H. J. (2013). Random effects structure for 

confirmatory hypothesis testing: Keep it maximal. Journal of Memory and Language, 

68(3), 10.1016/j.jml.2012.11.001. https://doi.org/10.1016/j.jml.2012.11.001 

Bavelier, D., Green, C. S., & Seidenberg, M. S. (2013). Cognitive Development: Gaming 

Your Way Out of Dyslexia? Current Biology, 23(7), R282–R283. 

https://doi.org/10.1016/J.CUB.2013.02.051 

Beatty, J. (1982). Task-evoked pupillary responses, processing load, and the structure of 

processing resources. In Psychological Bulletin (Vol. 91, Issue 2, pp. 276–292). 

American Psychological Association. https://doi.org/10.1037/0033-2909.91.2.276 

Beatty, J., & Kahneman, D. (1966). Pupillary changes in two memory tasks. Psychonomic 

Science, 5(10), 371–372. https://doi.org/10.3758/BF03328444 



154 

 

Ben-Yehudah, G., Sackett, E., Malchi-Ginzberg, L., & Ahissar, M. (2001). Impaired 

temporal contrast sensitivity in dyslexics is specific to retain-and-compare paradigms. 

Brain : A Journal of Neurology, 124(Pt 7), 1381–1395. 

https://doi.org/10.1093/brain/124.7.1381 

Benjamin, C. F. A., & Gaab, N. (2012). What’s the story? The tale of reading fluency told at 

speed. Human Brain Mapping, 33(11), 2572–2585. https://doi.org/10.1002/hbm.21384 

Berninger, V. W., Abbott, R. D., Thomson, J., Wagner, R. K., Swanson, H. L., Wijsman, E. 

M., & Raskind, W. (2006). Modeling Phonological Core Deficits Within a Working 

Memory Architecture in Children and Adults With Developmental Dyslexia. Scientific 

Studies of Reading, 10(2), 165–198. https://doi.org/10.1207/s1532799xssr1002_3 

Berridge, C. W., & Waterhouse, B. D. (2003). The locus coeruleus–noradrenergic system: 

modulation of behavioral state and state-dependent cognitive processes. Brain Research 

Reviews, 42(1), 33–84. 

Bishop, D. V. M., & Snowling, M. (2004). Developmental dyslexia and specific language 

impairment: same or different? Psychological Bulletin, 130(6), 858–886. 

https://doi.org/10.1037/0033-2909.130.6.858 

Blau, V., van Atteveldt, N., Ekkebus, M., Goebel, R., & Blomert, L. (2009). Reduced Neural 

Integration of Letters and Speech Sounds Links Phonological and Reading Deficits in 

Adult Dyslexia. Current Biology, 19(6), 503–508. 

https://doi.org/10.1016/J.CUB.2009.01.065 

Blomert, L. (2011). The neural signature of orthographic-phonological binding in successful 

and failing reading development. NeuroImage, 57(3), 695–703. 

https://doi.org/10.1016/j.neuroimage.2010.11.003 



155 

 

Blumenfeld, R. S., & Ranganath, C. (2007). Prefrontal Cortex and Long-Term Memory 

Encoding: An Integrative Review of Findings from Neuropsychology and 

Neuroimaging. The Neuroscientist, 13(3), 280–291. 

https://doi.org/10.1177/1073858407299290 

Boers, F., & Lindstromberg, S. (2005). Finding ways to make phrase-learning feasible: The 

mnemonic effect of alliteration. System, 33(2), 225–238. 

https://doi.org/https://doi.org/10.1016/j.system.2004.12.007 

Boers, F., Lindstromberg, S., & Eyckmans, J. (2014). Is alliteration mnemonic without 

awareness-raising? Language Awareness, 23(4), 291–303. 

https://doi.org/10.1080/09658416.2013.774008 

Boets, B., Op de Beeck, H. P., Vandermosten, M., Scott, S. K., Gillebert, C. R., Mantini, D., 

Bulthé, J., Sunaert, S., Wouters, J., & Ghesquière, P. (2013). Intact But Less Accessible 

Phonetic Representations in Adults with Dyslexia. Science, 342(6163), 1251 LP – 1254. 

https://doi.org/10.1126/science.1244333 

Borsting, E., Ridder, W. H., Dudeck, K., Kelley, C., Matsui, L., & Motoyama, J. (1996). The 

presence of a magnocellular defect depends on the type of dyslexia. Vision Research, 

36(7), 1047–1053. https://doi.org/10.1016/0042-6989(95)00199-9 

Boutonnet, B., Mcclain, R., & Thierry, G. (2014). Compound words prompt arbitrary 

semantic associations in conceptual memory   . In Frontiers in Psychology   (Vol. 5, p. 

222). https://www.frontiersin.org/article/10.3389/fpsyg.2014.00222 

Bowles, B., Crupi, C., Mirsattari, S. M., Pigott, S. E., Parrent, A. G., Pruessner, J. C., 

Yonelinas, A. P., & Köhler, S. (2007). Impaired familiarity with preserved recollection 

after anterior temporal-lobe resection that spares the hippocampus. Proceedings of the 

National Academy of Sciences, 104(41), 16382 LP – 16387. 



156 

 

https://doi.org/10.1073/pnas.0705273104 

Bradley, L., & Bryant, P. E. (1983). Categorizing sounds and learning to read—a causal 

connection. Nature, 301(5899), 419–421. https://doi.org/10.1038/301419a0 

Bradley, M. M., Miccoli, L., Escrig, M. A., & Lang, P. J. (2008). The pupil as a measure of 

emotional arousal and autonomic activation. Psychophysiology, 45(4), 602–607. 

https://doi.org/10.1111/j.1469-8986.2008.00654.x 

Breen, M., Dilley, L. C., McAuley, J. D., & Sanders, L. D. (2014). Auditory evoked 

potentials reveal early perceptual effects of distal prosody on speech segmentation. 

Language, Cognition and Neuroscience, 29(9), 1132–1146. 

https://doi.org/10.1080/23273798.2014.894642 

Breznitz, Z., & Leikin, M. (2001). Effects of Accelerated Reading Rate on Processing 

Words’ Syntactic Functions by Normal and Dyslexic Readers: Event Related Potentials 

Evidence. The Journal of Genetic Psychology, 162(3), 276–296. 

https://doi.org/10.1080/00221320109597484 

Briesemeister, B. B., Hofmann, M., Tamm, S., Kuchinke, L., Braun, M., & Jacobs, A. (2009). 

The pseudohomophone effect: evidence for an orthography-phonology-conflict. 

Neuroscience Letters, 455(2), 124—128. https://doi.org/10.1016/j.neulet.2009.03.010 

Brophy, A. L. (1986). Alternatives to a table of criterion values in signal detection theory. 

Behavior Research Methods, Instruments, & Computers, 18(3), 285–286. 

Brown, M., Salverda, A. P., Dilley, L. C., & Tanenhaus, M. K. (2015). Metrical expectations 

from preceding prosody influence perception of lexical stress. In Journal of 

Experimental Psychology: Human Perception and Performance (Vol. 41, Issue 2, pp. 

306–323). American Psychological Association. https://doi.org/10.1037/a0038689 



157 

 

Brown, M. W., & Aggleton, J. P. (2001). Recognition memory: what are the roles of the 

perirhinal cortex and hippocampus? Nature Reviews Neuroscience, 2(1), 51–61. 

Brown, R. W., Black, A. H., & Horowitz, A. E. (1955). Phonetic symbolism in natural 

languages. The Journal of Abnormal and Social Psychology, 50(3), 388. 

Bruck, M. (1992). Persistence of dyslexics’ phonological awareness deficits. Developmental 

Psychology, 28(5), 874–886. https://doi.org/10.1037/0012-1649.28.5.874 

Bucci, M. P., Brémond-Gignac, D., & Kapoula, Z. (2008). Poor binocular coordination of 

saccades in dyslexic children. Graefe’s Archive for Clinical and Experimental 

Ophthalmology, 246(3), 417–428. https://doi.org/10.1007/s00417-007-0723-1 

Buchler, N. G., Light, L. L., & Reder, L. M. (2008). Memory for Items and Associations: 

Distinct Representations and Processes in Associative Recognition. Journal of Memory 

and Language, 59(2), 183–199. https://doi.org/10.1016/j.jml.2008.04.001 

Carminati, M. N., Stabler, J., Roberts, A. M., & Fischer, M. H. (2006). Readers’ responses to 

sub-genre and rhyme scheme in poetry. Essays in Poetics, 34, 204–218. 

https://doi.org/10.1016/j.poetic.2006.05.001 

Castles, A., & Coltheart, M. (1993). Varieties of developmental dyslexia. Cognition, 47(2), 

149–180. https://doi.org/10.1016/0010-0277(93)90003-E 

Chen, Q., Zhang, J., Xu, X., Scheepers, C., Yang, Y., & Tanenhaus, M. K. (2016). Prosodic 

expectations in silent reading: ERP evidence from rhyme scheme and semantic 

congruence in classic Chinese poems. Cognition, 154, 11–21. 

https://doi.org/10.1016/J.COGNITION.2016.05.007 

Chwilla, D. J., Brown, C., & Hagoort, P. (1995). The N400 as a function of the level of 

processing. Psychophysiology, 32(3), 274–285. https://doi.org/10.1111/j.1469-



158 

 

8986.1995.tb02956.x 

Clifton, C. (2015). The roles of phonology in silent reading: a selective review. In Explicit 

and implicit prosody in sentence processing (pp. 161–176). Springer. 

Coltheart, M. (2005). Modeling Reading: The Dual Route Approach. In M. Snowling & C. 

Hulme (Eds.), The science of reading: A handbook (pp. 6–23). Blackwell Publishing 

Ltd. 

Coltheart, M. (2006). Dual route and connectionist models of reading: An overview. London 

Review of Education, 4(1), 5–17. 

Coltheart, M., Rastle, K., Perry, C., Langdon, R., & Ziegler, J. C. (2001). DRC: a dual route 

cascaded model of visual word recognition and reading aloud. Psychological Review, 

108(1), 204–256. https://doi.org/10.1037/0033-295x.108.1.204 

Cornelissen, P. L., Hansen, P. C., Hutton, J. L., Evangelinou, V., & Stein, J. F. (1998). 

Magnocellular visual function and children’s single word reading. Vision Research, 

38(3), 471–482. https://doi.org/10.1016/S0042-6989(97)00199-5 

Culler, J. D. (1975). Structuralist poetics : structuralism, linguistics and the study of 

literature. Routledge and Kegan Paul. 

Curran, T. (2000). Brain potentials of recollection and familiarity. Memory & Cognition, 

28(6), 923–938. https://doi.org/10.3758/BF03209340 

Curran, T., & Friedman, W. J. (2004). ERP old/new effects at different retention intervals in 

recency discrimination tasks. Brain Research. Cognitive Brain Research, 18(2), 107–

120. https://doi.org/10.1016/j.cogbrainres.2003.09.006 

Cutting, L. E., & Scarborough, H. S. (2006). Prediction of reading comprehension: Relative 

contributions of word recognition, language proficiency, and other cognitive skills can 



159 

 

depend on how comprehension is measured. Scientific Studies of Reading, 10(3), 277–

299. 

Danker, J. F., Hwang, G. M., Gauthier, L., Geller, A., Kahana, M. J., & Sekuler, R. (2008). 

Characterizing the ERP Old-New effect in a short-term memory task. Psychophysiology, 

45(5), 784–793. https://doi.org/10.1111/j.1469-8986.2008.00672.x 

De Saussure, F. (2011). Course in general linguistics. Columbia University Press. 

Denckla, M. B., & Cutting, L. E. (1999). History and significance of rapid automatized 

naming. Annals of Dyslexia, 49, 29–42. https://doi.org/10.1007/s11881-999-0018-9 

Desaunay, P., Clochon, P., Doidy, F., Lambrechts, A., Bowler, D. M., Gérardin, P., Baleyte, 

J.-M., Eustache, F., & Guillery-Girard, B. (2017). Impact of Semantic Relatedness on 

Associative Memory: An ERP Study. Frontiers in Human Neuroscience, 11, 335. 

https://www.frontiersin.org/article/10.3389/fnhum.2017.00335 

Diana, R. A., Reder, L. M., Arndt, J., & Park, H. (2006). Models of recognition: A review of 

arguments in favor of a dual-process account. Psychonomic Bulletin & Review, 13(1), 1–

21. https://doi.org/10.3758/BF03193807 

Dickie, C., Ota, M., & Clark, A. (2013). Revisiting the phonological deficit in dyslexia: Are 

implicit nonorthographic representations impaired? Applied Psycholinguistics, 34(4), 

649–672. https://doi.org/DOI: 10.1017/S0142716411000907 

Dingemanse, M., Blasi, D. E., Lupyan, G., Christiansen, M. H., & Monaghan, P. (2015). 

Arbitrariness, Iconicity, and Systematicity in Language. Trends in Cognitive Sciences, 

19(10), 603–615. https://doi.org/10.1016/J.TICS.2015.07.013 

Dobbins, I. G., Simons, J. S., & Schacter, D. L. (2004). fMRI evidence for separable and 

lateralized prefrontal memory monitoring processes. Journal of Cognitive Neuroscience, 



160 

 

16(6), 908–920. 

Dougal, S., & Rotello, C. M. (2007). “Remembering” emotional words is based on response 

bias, not recollection. Psychonomic Bulletin & Review, 14(3), 423–429. 

https://doi.org/10.3758/BF03194083 

Doyle, C., Smeaton, A. F., Roche, R. A. P., & Boran, L. (2018). Inhibition and Updating, but 

Not Switching, Predict Developmental Dyslexia and Individual Variation in Reading 

Ability. Frontiers in Psychology, 9, 795. https://doi.org/10.3389/fpsyg.2018.00795 

Duarte, A., Ranganath, C., & Knight, R. T. (2005). Effects of Unilateral Prefrontal Lesions 

on Familiarity, Recollection, and Source Memory. The Journal of Neuroscience, 25(36), 

8333 LP – 8337. https://doi.org/10.1523/JNEUROSCI.1392-05.2005 

Eden, G. F., VanMeter, J. W., Rumsey, J. M., Maisog, J. M., Woods, R. P., & Zeffiro, T. A. 

(1996). Abnormal processing of visual motion in dyslexia revealed by functional brain 

imaging. Nature, 382(6586), 66–69. https://doi.org/10.1038/382066a0 

Egan, C., Cristino, F., Payne, J. S., Thierry, G., & Jones, M. W. (2020). How alliteration 

enhances conceptual–attentional interactions in reading. Cortex, 124, 111–118. 

https://doi.org/10.1016/J.CORTEX.2019.11.005 

Ehri, L. C. (2005a). Development of sight word reading: Phases and findings. The Science of 

Reading: A Handbook, 135–154. 

Ehri, L. C. (2005b). Learning to read words: Theory, findings, and issues. Scientific Studies 

of Reading, 9(2), 167–188. 

Ehri, L. C., & Saltmarsh, J. (1995). Beginning readers outperform older disabled readers in 

learning to read words by sight. Reading and Writing, 7(3), 295–326. 

Eichenbaum, H., Yonelinas, A. P., & Ranganath, C. (2007). The medial temporal lobe and 



161 

 

recognition memory. Annual Review of Neuroscience, 30, 123–152. 

https://doi.org/10.1146/annurev.neuro.30.051606.094328 

Elbro, C., & Petersen, D. K. (2004). Long-Term Effects of Phoneme Awareness and Letter 

Sound Training: An Intervention Study With Children at Risk for Dyslexia. Journal of 

Educational Psychology, 96(4), 660–670. https://doi.org/10.1037/0022-0663.96.4.660 

EyeLink®1000 User Manual. (2005). SR Research Ltd. 

Fabb, N. (2010). Is literary language a development of ordinary language? Lingua, 120(5), 

1219–1232. https://doi.org/https://doi.org/10.1016/j.lingua.2009.07.007 

Facoetti, A., Lorusso, M. L., Cattaneo, C., Galli, R., & Molteni, M. (2005). Visual and 

auditory attentional capture are both sluggish in children with developmental dyslexia. 

Acta Neurobiologiae Experimentalis, 65(1), 61–72. 

Facoetti, A., Trussardi, A. N., Ruffino, M., Lorusso, M. L., Cattaneo, C., Galli, R., Molteni, 

M., & Zorzi, M. (2010). Multisensory spatial attention deficits are predictive of 

phonological decoding skills in developmental dyslexia. Journal of Cognitive 

Neuroscience, 22(5), 1011–1025. https://doi.org/10.1162/jocn.2009.21232 

Farovik, A., Dupont, L. M., Arce, M., & Eichenbaum, H. (2008). Medial prefrontal cortex 

supports recollection, but not familiarity, in the rat. Journal of Neuroscience, 28(50), 

13428–13434. 

Farrag, A. F., Khedr, E. M., & Abel-Naser, W. (2002). Impaired parvocellular pathway in 

dyslexic children. European Journal of Neurology, 9(4), 359–363. 

Felton, R. H., Naylor, C. E., & Wood, F. B. (1990). Neuropsychological profile of adult 

dyslexics. In Brain and Language (Vol. 39, Issue 4, pp. 485–497). Elsevier Science. 

https://doi.org/10.1016/0093-934X(90)90157-C 



162 

 

Fink, R. P. (1998). Literacy development in successful men and women with dyslexia. Annals 

of Dyslexia, 48(1), 311–346. https://doi.org/10.1007/s11881-998-0014-5 

Finnigan, S., Humphreys, M. S., Dennis, S., & Geffen, G. (2002). ERP ‘old/new’ effects: 

memory strength and decisional factor(s). Neuropsychologia, 40(13), 2288–2304. 

https://doi.org/10.1016/S0028-3932(02)00113-6 

Foorman, B. R., Francis, D. J., Fletcher, J. M., Schatschneider, C., & Mehta, P. (1998). The 

role of instruction in learning to read: Preventing reading failure in at-risk children. 

Journal of Educational Psychology, 90(1), 37. 

Fortin, N. J., Wright, S. P., & Eichenbaum, H. (2004). Recollection-like memory retrieval in 

rats is dependent on the hippocampus. Nature, 431(7005), 188–191. 

Franceschini, S., Gori, S., Ruffino, M., Viola, S., Molteni, M., & Facoetti, A. (2013). Action 

Video Games Make Dyslexic Children Read Better. Current Biology, 23(6), 462–466. 

https://doi.org/10.1016/J.CUB.2013.01.044 

Friedman, D., Hakerem, G., Sutton, S., & Fleiss, J. L. (1973). Effect of stimulus uncertainty 

on the pupillary dilation response and the vertex evoked potential. 

Electroencephalography and Clinical Neurophysiology, 34(5), 475–484. 

https://doi.org/10.1016/0013-4694(73)90065-5 

Friedrich, M., & Friederici, A. D. (2004). N400-like Semantic Incongruity Effect in 19-

Month-Olds: Processing Known Words in Picture Contexts. Journal of Cognitive 

Neuroscience, 16(8), 1465–1477. https://doi.org/10.1162/0898929042304705 

Froyen, D., Bonte, M., Atteveldt, N., & Blomert, L. (2008). The Long Road to Automation: 

Neurocognitive Development of Letter–Speech Sound Processing. Journal of Cognitive 

Neuroscience, 21, 567–580. https://doi.org/10.1162/jocn.2009.21061 



163 

 

Fryer, L., Freeman, J., & Pring, L. (2014). Touching words is not enough: How visual 

experience influences haptic–auditory associations in the “Bouba–Kiki” effect. 

Cognition, 132(2), 164–173. https://doi.org/10.1016/J.COGNITION.2014.03.015 

Gabay, Y., Thiessen, E. D., & Holt, L. L. (2015). Impaired Statistical Learning in 

Developmental Dyslexia. Journal of Speech, Language, and Hearing Research : JSLHR, 

58(3), 934–945. https://doi.org/10.1044/2015_JSLHR-L-14-0324 

Gabrieli, J. D. E., & Norton, E. S. (2012). Reading Abilities: Importance of Visual-Spatial 

Attention. Current Biology, 22(9), R298–R299. 

https://doi.org/10.1016/J.CUB.2012.03.041 

Gasser, M. (2004). The origins of arbitrariness in language. Proceedings of the Annual 

Meeting of the Cognitive Science Society, 26(26). 

Geng, J. J., Blumenfeld, Z., Tyson, T. L., & Minzenberg, M. J. (2015). Pupil diameter reflects 

uncertainty in attentional selection during visual search. Frontiers in Human 

Neuroscience, 9, 435. https://doi.org/10.3389/fnhum.2015.00435 

Giraldo-Chica, M., Hegarty, J. P., & Schneider, K. A. (2015). Morphological differences in 

the lateral geniculate nucleus associated with dyslexia. NeuroImage: Clinical, 7, 830–

836. https://doi.org/10.1016/J.NICL.2015.03.011 

Gori, S., & Facoetti, A. (2015). How the visual aspects can be crucial in reading acquisition: 

The intriguing case of crowding and developmental dyslexia. Journal of Vision, 15(1), 8. 

https://doi.org/10.1167/15.1.8 

Grainger, J., Colé, P., & Segui, J. (1991). Masked morphological priming in visual word 

recognition. Journal of Memory and Language, 30(3), 370–384. 

https://doi.org/10.1016/0749-596X(91)90042-I 



164 

 

Haber, L. R., & Haber, R. N. (1982). Does Silent Reading Involve Articulation? Evidence 

from Tongue Twisters. The American Journal of Psychology, 95(3), 409–419. 

https://doi.org/10.2307/1422133 

Hahn, N., Foxe, J. J., & Molholm, S. (2014). Impairments of multisensory integration and 

cross-sensory learning as pathways to dyslexia. Neuroscience & Biobehavioral Reviews, 

47, 384–392. https://doi.org/10.1016/J.NEUBIOREV.2014.09.007 

Hanauer, D. (1998). The genre-specific hypothesis of reading: Reading poetry and 

encyclopedic items. Poetics, 26(2), 63–80. https://doi.org/10.1016/S0304-

422X(98)00011-4 

Hari, R., & Renvall, H. (2001). Impaired processing of rapid stimulus sequences in dyslexia. 

Trends in Cognitive Sciences, 5(12), 525–532. https://doi.org/10.1016/S1364-

6613(00)01801-5 

Harm, M. W., & Seidenberg, M. S. (1999). Phonology, reading acquisition, and dyslexia: 

Insights from connectionist models. Psychological Review, 106(3), 491–528. 

https://doi.org/10.1037/0033-295X.106.3.491 

Harm, M. W., & Seidenberg, M. S. (2004). Computing the meanings of words in reading: 

Cooperative division of labor between visual and phonological processes. Psychological 

Review, 111(3), 662–720. https://doi.org/10.1037/0033-295X.111.3.662 

Harrar, V., Tammam, J., Pérez-Bellido, A., Pitt, A., Stein, J. F., & Spence, C. (2014). 

Multisensory Integration and Attention in Developmental Dyslexia. Current Biology, 

24(5), 531–535. https://doi.org/10.1016/J.CUB.2014.01.029 

Harries, P., Hall, R., Ray, N., & Stein, J. F. (2015). Using coloured filters to reduce the 

symptoms of visual stress in children with reading delay. Scandinavian Journal of 



165 

 

Occupational Therapy, 22(2), 153–160. 

Haskins, A. L., Yonelinas, A. P., Quamme, J. R., & Ranganath, C. (2008). Perirhinal Cortex 

Supports Encoding and Familiarity-Based Recognition of Novel Associations. Neuron, 

59(4), 554–560. https://doi.org/10.1016/J.NEURON.2008.07.035 

Hatcher, J., Snowling, M., & Griffiths, Y. M. (2002). Cognitive assessment of dyslexic 

students in higher education. British Journal of Educational Psychology, 72(1), 119–

133. https://doi.org/10.1348/000709902158801 

Hatcher, P., Hulme, C., & Ellis, A. (1994). Ameliorating early reading failure by integrating 

the teaching of reading and phonological skills: The phonological linkage hypothesis. 

Child Development, 65(1), 41–57. 

Hawco, C., Armony, J. L., & Lepage, M. (2013). Neural activity related to self-initiating 

elaborative semantic encoding in associative memory. NeuroImage, 67, 273–282. 

https://doi.org/https://doi.org/10.1016/j.neuroimage.2012.11.004 

Heathcote, A., Raymond, F., & Dunn, J. (2006). Recollection and familiarity in recognition 

memory: Evidence from ROC curves. Journal of Memory and Language, 55(4), 495–

514. https://doi.org/10.1016/J.JML.2006.07.001 

Heckers, S., Rauch, S., Goff, D., Savage, C., Schacter, D. L., Fischman, A., & Alpert, N. 

(1998). Impaired recruitment of the hippocampus during conscious recollection in 

schizophrenia. Nature Neuroscience, 1(4), 318–323. 

Helenius, P., Tarkiainen, A., Cornelissen, P. L., Hansen, P. C., & Salmelin, R. (1999). 

Dissociation of normal feature analysis and deficient processing of letter-strings in 

dyslexic adults. Cerebral Cortex, 9(5), 476–483. https://doi.org/10.1093/cercor/9.5.476 

Henson, R. N. A., Rugg, M. D., Shallice, T., & Dolan, R. J. (2000). Confidence in 



166 

 

recognition memory for words: dissociating right prefrontal roles in episodic retrieval. 

Journal of Cognitive Neuroscience, 12(6), 913–923. 

Hess, E. H., & Polt, J. M. (1960). Pupil Size as Related to Interest Value of Visual Stimuli. 

Science, 132(3423), 349 LP – 350. https://doi.org/10.1126/science.132.3423.349 

Hess, E. H., & Polt, J. M. (1964). Pupil Size in Relation to Mental Activity during Simple 

Problem-Solving. Science, 143(3611), 1190 LP – 1192. 

https://doi.org/10.1126/science.143.3611.1190 

Hess, E. H., Seltzer, A. L., & Shlien, J. M. (1965). Pupil response of hetero- and homosexual 

males to pictures of men and women: A pilot study. Journal of Abnormal Psychology, 

70(3), 165–168. https://doi.org/10.1037/h0021978 

Hinojosa, J. A., Martı́n-Loeches, M., & Rubia, F. J. (2001). Event-Related Potentials and 

Semantics: An Overview and an Integrative Proposal. Brain and Language, 78(1), 128–

139. https://doi.org/10.1006/BRLN.2001.2455 

Holcomb, P. J., & Neville, H. J. (1990). Auditory and Visual Semantic Priming in Lexical 

Decision: A Comparison Using Event-related Brain Potentials. Language and Cognitive 

Processes, 5(4), 281–312. https://doi.org/10.1080/01690969008407065 

Horowitz-Kraus, T., & Breznitz, Z. (2014). Can reading rate acceleration improve error 

monitoring and cognitive abilities underlying reading in adolescents with reading 

difficulties and in typical readers? Brain Research, 1544, 1–14. 

https://doi.org/10.1016/J.BRAINRES.2013.11.027 

Horowitz-Kraus, T., Vannest, J. J., Kadis, D., Cicchino, N., Wang, Y. Y., & Holland, S. K. 

(2014). Reading acceleration training changes brain circuitry in children with reading 

difficulties. Brain and Behavior, 4(6), 886–902. https://doi.org/10.1002/brb3.281 



167 

 

Hoven, E., Hartung, F. C., Burke, M., & Willems, R. (2016). Individual differences in 

sensitivity to style during literary reading: Insights from eye-tracking. 

Howard, J. H., Howard, D. V., Japikse, K. C., & Eden, G. F. (2006). Dyslexics are impaired 

on implicit higher-order sequence learning, but not on implicit spatial context learning. 

Neuropsychologia, 44(7), 1131–1144. 

https://doi.org/10.1016/J.NEUROPSYCHOLOGIA.2005.10.015 

Hsu, C.-T., Jacobs, A., Citron, F. M. M., & Conrad, M. (2015). The emotion potential of 

words and passages in reading Harry Potter–An fMRI study. Brain and Language, 142, 

96–114. 

Hsu, C.-T., Jacobs, A., & Conrad, M. (2015). Can Harry Potter still put a spell on us in a 

second language? An fMRI study on reading emotion-laden literature in late bilinguals. 

Cortex, 63, 282–295. 

Hulme, C., & Snowling, M. (2014). The interface between spoken and written language: 

developmental disorders. Philosophical Transactions of the Royal Society of London. 

Series B, Biological Sciences, 369(1634), 20120395. 

https://doi.org/10.1098/rstb.2012.0395 

Hulme, C., & Snowling, M. (2015). Learning to Read: What We Know and What We Need 

to Understand Better. Child Development Perspectives, 7(1), 1–5. 

https://doi.org/10.1111/cdep.12005 

Hulme, C., & Snowling, M. (2016). Reading disorders and dyslexia. Current Opinion in 

Pediatrics, 28(6), 731–735. https://doi.org/10.1097/MOP.0000000000000411 

Imai, M., Kita, S., Nagumo, M., & Okada, H. (2008). Sound symbolism facilitates early verb 

learning. Cognition, 109(1), 54–65. 



168 

 

Jacobs, A. (2015a). Neurocognitive poetics: methods and models for investigating the 

neuronal and cognitive-affective bases of literature reception. Frontiers in Human 

Neuroscience, 9, 186. https://www.frontiersin.org/article/10.3389/fnhum.2015.00186 

Jacobs, A. (2015b). Towards a neurocognitive poetics model of literary reading. Cognitive 

Neuroscience of Natural Language Use., 135–159. 

https://doi.org/10.1017/CBO9781107323667.007 

Jacobs, A., & Willems, R. (2017). The Fictive Brain: Neurocognitive Correlates of 

Engagement in Literature. Review of General Psychology. 

https://doi.org/10.1037/gpr0000106 

Jacoby, L. L. (1991). A process dissociation framework: Separating automatic from 

intentional uses of memory. Journal of Memory and Language, 30(5), 513–541. 

https://doi.org/10.1016/0749-596X(91)90025-F 

Jaffe-Dax, S., Frenkel, O., & Ahissar, M. (2017). Dyslexics’ faster decay of implicit memory 

for sounds and words is manifested in their shorter neural adaptation. Elife, 6, e20557. 

Jaffe-Dax, S., Lieder, I., Biron, T., & Ahissar, M. (2016). Dyslexics’ usage of visual priors is 

impaired. Journal of Vision, 16(9), 10. https://doi.org/10.1167/16.9.10 

Jaffe-Dax, S., Raviv, O., Jacoby, N., Loewenstein, Y., & Ahissar, M. (2015). A 

Computational Model of Implicit Memory Captures Dyslexics’ Perceptual Deficits. The 

Journal of Neuroscience : The Official Journal of the Society for Neuroscience, 35(35), 

12116–12126. https://doi.org/10.1523/JNEUROSCI.1302-15.2015 

Jakobson, R. (1960). Linguistics and Poetics. In T. Sebeok (Ed.), Style in Language (pp. 350–

377). Massachusetts Institute of Technology Press. 

Janowsky, J. S., Shimamura, A. P., & Squire, L. R. (1989). Source memory impairment in 



169 

 

patients with frontal lobe lesions. Neuropsychologia, 27(8), 1043–1056. 

Jednoróg, K., Marchewka, A., Tacikowski, P., & Grabowska, A. (2010). Implicit 

phonological and semantic processing in children with developmental dyslexia: 

Evidence from event-related potentials. Neuropsychologia, 48(9), 2447–2457. 

https://doi.org/10.1016/J.NEUROPSYCHOLOGIA.2010.04.017 

Jednoróg, K., Marchewka, A., Tacikowski, P., Heim, S., & Grabowska, A. (2011). 

Electrophysiological evidence for the magnocellular-dorsal pathway deficit in dyslexia. 

Developmental Science, 14(4), 873–880. https://doi.org/10.1111/j.1467-

7687.2011.01037.x 

Jones, M. W., Branigan, H. P., Hatzidaki, A., & Obregón, M. (2010). Is the ‘naming’ deficit 

in dyslexia a misnomer? Cognition, 116(1), 56–70. 

https://doi.org/10.1016/J.COGNITION.2010.03.015 

Jones, M. W., Branigan, H. P., & Kelly, M. L. (2009). Dyslexic and nondyslexic reading 

fluency: Rapid automatized naming and the importance of continuous lists. 

Psychonomic Bulletin & Review, 16(3), 567–572. https://doi.org/10.3758/PBR.16.3.567 

Jones, M. W., Kuipers, J. R., Nugent, S., Miley, A., & Oppenheim, G. (2018). Episodic traces 

and statistical regularities: Paired associate learning in typical and dyslexic readers. 

Cognition, 177, 214–225. https://doi.org/10.1016/J.COGNITION.2018.04.010 

Jones, M. W., Kuipers, J. R., & Thierry, G. (2016). ERPs Reveal the Time-Course of 

Aberrant Visual-Phonological Binding in Developmental Dyslexia. In Frontiers in 

Human Neuroscience (Vol. 10, p. 71). 

Jones, M. W., Obregón, M., Louise Kelly, M., & Branigan, H. P. (2008). Elucidating the 

component processes involved in dyslexic and non-dyslexic reading fluency: An eye-



170 

 

tracking study. Cognition, 109(3), 389–407. 

https://doi.org/10.1016/J.COGNITION.2008.10.005 

Joshi, S., Li, Y., Kalwani, R. M., & Gold, J. I. (2016). Relationships between Pupil Diameter 

and Neuronal Activity in the Locus Coeruleus, Colliculi, and Cingulate Cortex. Neuron, 

89(1). https://doi.org/10.1016/j.neuron.2015.11.028 

Just, M. A., & Carpenter, P. A. (1993). The intensity dimension of thought: Pupillometric 

indices of sentence processing. In Canadian Journal of Experimental Psychology/Revue 

canadienne de psychologie expérimentale (Vol. 47, Issue 2, pp. 310–339). Canadian 

Psychological Association. https://doi.org/10.1037/h0078820 

Kahn, I., Davachi, L., & Wagner, A. D. (2004). Functional-neuroanatomic correlates of 

recollection: implications for models of recognition memory. Journal of Neuroscience, 

24(17), 4172–4180. 

Kahneman, D., & Beatty, J. (1966). Pupil diameter and load on memory. Science (New York, 

N.Y.), 154(3756), 1583–1585. https://doi.org/10.1126/science.154.3756.1583 

Kang, O. E., Huffer, K. E., & Wheatley, T. P. (2014). Pupil dilation dynamics track attention 

to high-level information. PloS One, 9(8), e102463–e102463. 

https://doi.org/10.1371/journal.pone.0102463 

Keller, T. A., Carpenter, P. A., & Just, M. A. (2003). Brain imaging of tongue-twister 

sentence comprehension: Twisting the tongue and the brain. Brain and Language, 84(2), 

189–203. https://doi.org/10.1016/S0093-934X(02)00506-0 

Kennison, S. M., Sieck, J. P., & Briesch, K. A. (2003). Evidence for a late-occurring effect of 

phoneme repetition during silent reading. Journal of Psycholinguistic Research, 32(3), 

297–312. 



171 

 

Kidd, D. C., Ongis, M., & Castano, E. (2016). On literary fiction and its effects on theory of 

mind. Scientific Study of Literature, 6(1), 42–58. https://doi.org/10.1075/ssol.6.1.04kid 

Kidd, D., & Castano, E. (2013). Reading Literary Fiction Improves Theory of Mind. Science, 

342(6156), 377 LP – 380. https://doi.org/10.1126/science.1239918 

Kiefer, M., Weisbrod, M., Kern, I., Maier, S., & Spitzer, M. (1998). Right Hemisphere 

Activation during Indirect Semantic Priming: Evidence from Event-Related Potentials. 

Brain and Language, 64(3), 377–408. https://doi.org/10.1006/BRLN.1998.1979 

Kishiyama, M. M., Yonelinas, A. P., & Knight, R. T. (2009). Novelty Enhancements in 

Memory Are Dependent on Lateral Prefrontal Cortex. The Journal of Neuroscience, 

29(25), 8114 LP – 8118. https://doi.org/10.1523/JNEUROSCI.5507-08.2009 

Klein, R. M. (2002). Observations on the temporal correlates of reading failure. Reading and 

Writing, 15(1), 207–231. https://doi.org/10.1023/A:1013828723016 

Kopelman, M. D., Bright, P., Buckman, J., Fradera, A., Yoshimasu, H., Jacobson, C., & 

Colchester, A. C. F. (2007). Recall and recognition memory in amnesia: Patients with 

hippocampal, medial temporal, temporal lobe or frontal pathology. Neuropsychologia, 

45(6), 1232–1246. https://doi.org/10.1016/J.NEUROPSYCHOLOGIA.2006.10.005 

Ković, V., Plunkett, K., & Westermann, G. (2010). The shape of words in the brain. 

Cognition, 114(1), 19–28. https://doi.org/10.1016/J.COGNITION.2009.08.016 

Krause, M. B. (2015). Pay Attention!: Sluggish Multisensory Attentional Shifting as a Core 

Deficit in Developmental Dyslexia. Dyslexia, 21(4), 285–303. 

https://doi.org/10.1002/dys.1505 

Krejtz, K., Duchowski, A. T., Niedzielska, A., Biele, C., & Krejtz, I. (2018). Eye tracking 

cognitive load using pupil diameter and microsaccades with fixed gaze. PloS One, 13(9), 



172 

 

e0203629–e0203629. https://doi.org/10.1371/journal.pone.0203629 

Kuipers, J. R., & Thierry, G. (2011). N400 amplitude reduction correlates with an increase in 

pupil size. Frontiers in Human Neuroscience, 5, 61. 

https://doi.org/10.3389/fnhum.2011.00061 

Kuipers, J. R., & Thierry, G. (2013). ERP-pupil size correlations reveal how bilingualism 

enhances cognitive flexibility. Cortex, 49(10), 2853–2860. 

https://doi.org/10.1016/J.CORTEX.2013.01.012 

Kutas, M., & Federmeier, K. D. (2011). Thirty years and counting: finding meaning in the 

N400 component of the event-related brain potential (ERP). Annual Review of 

Psychology, 62, 621–647. https://doi.org/10.1146/annurev.psych.093008.131123 

Kutas, M., & Hillyard, S. (1980). Reading senseless sentences: brain potentials reflect 

semantic incongruity. Science, 207(4427), 203 LP – 205. 

https://doi.org/10.1126/science.7350657 

Laeng, B., Ørbo, M., Holmlund, T., & Miozzo, M. (2011). Pupillary Stroop effects. Cognitive 

Processing, 12(1), 13–21. https://doi.org/10.1007/s10339-010-0370-z 

Laeng, B., Sirois, S., & Gredebäck, G. (2012). Pupillometry: A Window to the Preconscious? 

Perspectives on Psychological Science, 7(1), 18–27. 

https://doi.org/10.1177/1745691611427305 

Lallier, M., Donnadieu, S., & Valdois, S. (2013). Developmental dyslexia: exploring how 

much phonological and visual attention span disorders are linked to simultaneous 

auditory processing deficits. Annals of Dyslexia, 63(2), 97–116. 

https://doi.org/10.1007/s11881-012-0074-4 

Lallier, M., Tainturier, M.-J., Dering, B., Donnadieu, S., Valdois, S., & Thierry, G. (2010). 



173 

 

Behavioral and ERP evidence for amodal sluggish attentional shifting in developmental 

dyslexia. Neuropsychologia, 48(14), 4125–4135. 

https://doi.org/10.1016/J.NEUROPSYCHOLOGIA.2010.09.027 

Landi, N. (2010). An examination of the relationship between reading comprehension, 

higher-level and lower-level reading sub-skills in adults. Reading and Writing, 23(6), 

701–717. https://doi.org/10.1007/s11145-009-9180-z 

Landi, N., & Perfetti, C. A. (2007). An electrophysiological investigation of semantic and 

phonological processing in skilled and less-skilled comprehenders. Brain and Language, 

102(1), 30–45. https://doi.org/10.1016/J.BANDL.2006.11.001 

Larsen, R. S., & Waters, J. (2018). Neuromodulatory Correlates of Pupil Dilation   . In 

Frontiers in Neural Circuits   (Vol. 12, p. 21). 

https://www.frontiersin.org/article/10.3389/fncir.2018.00021 

Lea, R. B., Rapp, D. N., Elfenbein, A., Mitchel, A. D., & Romine, R. S. (2008). Sweet silent 

thought: alliteration and resonance in poetry comprehension. Psychological Science, 

19(7), 709–716. https://doi.org/10.1111/j.1467-9280.2008.02146.x 

Ledoux, K., Coderre, E., Bosley, L., Buz, E., Gangopadhyay, I., & Gordon, B. (2016). The 

concurrent use of three implicit measures (eye movements, pupillometry, and event-

related potentials) to assess receptive vocabulary knowledge in normal adults. Behavior 

Research Methods, 48(1), 285–305. https://doi.org/10.3758/s13428-015-0571-6 

Lervåg, A., & Hulme, C. (2009). Rapid Automatized Naming (RAN) Taps a Mechanism That 

Places Constraints on the Development of Early Reading Fluency. Psychological 

Science, 20(8), 1040–1048. https://doi.org/10.1111/j.1467-9280.2009.02405.x 

Lindstromberg, S., & Boers, F. (2008). The mnemonic effect of noticing alliteration in lexical 



174 

 

chunks. Applied Linguistics, 29(2), 200–222. 

Livingstone, M. S., Rosen, G. D., Drislane, F. W., & Galaburda, A. M. (1991). Physiological 

and anatomical evidence for a magnocellular defect in developmental dyslexia. 

Proceedings of the National Academy of Sciences of the United States of America, 

88(18), 7943–7947. https://doi.org/10.1073/pnas.88.18.7943 

Lonergan, A., Doyle, C., Cassidy, C., MacSweeney Mahon, S., Roche, R. A. P., Boran, L., & 

Bramham, J. (2019). A meta-analysis of executive functioning in dyslexia with 

consideration of the impact of comorbid ADHD. Journal of Cognitive Psychology, 

31(7), 725–749. https://doi.org/10.1080/20445911.2019.1669609 

Lovegrove, W. J., Bowling, A., Badcock, D., & Blackwood, M. (1980). Specific reading 

disability: differences in contrast sensitivity as a function of spatial frequency. Science, 

210(4468), 439 LP – 440. https://doi.org/10.1126/science.7433985 

Luck, S. (2014). An Introduction to the Event-Related Potential Technique (2nd ed.). MIT 

Press. 

Luck, S., & Kappenman, E. (Eds.). (2012). The Oxford Handbook of Event-Related Potential 

Components. Oxford University Press. 

Lupyan, G., & Winter, B. (2018). Language is more abstract than you think, or, why aren’t 

languages more iconic? Philosophical Transactions of the Royal Society of London. 

Series B, Biological Sciences, 373(1752), 20170137. 

https://doi.org/10.1098/rstb.2017.0137 

Lyon, G. R., Shaywitz, S. E., & Shaywitz, B. A. (2003). A definition of dyslexia. Annals of 

Dyslexia, 53(1), 1–14. https://doi.org/10.1007/s11881-003-0001-9 

MacPherson, S. E., Bozzali, M., Cipolotti, L., Dolan, R. J., Rees, J. H., & Shallice, T. (2008). 



175 

 

Effect of frontal lobe lesions on the recollection and familiarity components of 

recognition memory. Neuropsychologia, 46(13), 3124–3132. 

https://doi.org/10.1016/J.NEUROPSYCHOLOGIA.2008.07.003 

Mandler, G. (1980). Recognizing: The judgment of previous occurrence. Psychological 

Review, 87(3), 252–271. https://doi.org/10.1037/0033-295X.87.3.252 

Manns, J. R., Hopkins, R. O., Reed, J. M., Kitchener, E. G., & Squire, L. R. (2003). 

Recognition Memory and the Human Hippocampus. Neuron, 37(1), 171–180. 

https://doi.org/10.1016/S0896-6273(02)01147-9 

Mar, R. A. (2011). The neural bases of social cognition and story comprehension. Annual 

Review of Psychology, 62, 103–134. https://doi.org/10.1146/annurev-psych-120709-

145406 

Martelli, M., Di Filippo, G., Spinelli, D., & Zoccolotti, P. (2009). Crowding, reading, and 

developmental dyslexia. Journal of Vision, 9(4), 14. https://doi.org/10.1167/9.4.14 

Mathôt, S. (2018). Pupillometry: Psychology, Physiology, and Function. Journal of 

Cognition, 1(1). https://doi.org/10.5334/joc.18 

Mathôt, S., Fabius, J., Van Heusden, E., & Van der Stigchel, S. (2018). Safe and sensible 

preprocessing and baseline correction of pupil-size data. Behavior Research Methods, 

50(1), 94–106. https://doi.org/10.3758/s13428-017-1007-2 

Mathôt, S., Grainger, J., & Strijkers, K. (2017). Pupillary Responses to Words That Convey a 

Sense of Brightness or Darkness. Psychological Science, 28(8), 1116–1124. 

https://doi.org/10.1177/0956797617702699 

Mathôt, S., & Van der Stigchel, S. (2015). New Light on the Mind’s Eye: The Pupillary Light 

Response as Active Vision. Current Directions in Psychological Science, 24(5), 374–



176 

 

378. https://doi.org/10.1177/0963721415593725 

Matuschek, H., Kliegl, R., Vasishth, S., Baayen, H., & Bates, D. (2017). Balancing Type I 

error and power in linear mixed models. Journal of Memory and Language, 94, 305–

315. https://doi.org/10.1016/J.JML.2017.01.001 

McCutchen, D., Bell, L. C., France, I. M., & Perfetti, C. A. (1991). Phoneme-Specific 

Interference in Reading: The Tongue-Twister Effect Revisited. Reading Research 

Quarterly, 26(1), 87–103. https://doi.org/10.2307/747733 

McCutchen, D., Dibble, E., & Blount, M. M. (1994). Phonemic effects in reading 

comprehension and text memory. Applied Cognitive Psychology, 8(6), 597–611. 

McCutchen, D., & Perfetti, C. A. (1982). The visual tongue-twister effect: Phonological 

activation in silent reading. Journal of Verbal Learning and Verbal Behavior, 21(6), 

672–687. https://doi.org/10.1016/S0022-5371(82)90870-2 

McKague, M., Pratt, C., & Johnston, M. B. (2001). The effect of oral vocabulary on reading 

visually novel words: a comparison of the dual-route-cascaded and triangle frameworks. 

Cognition, 80(3), 231–262. https://doi.org/10.1016/S0010-0277(00)00150-5 

McNorgan, C., Chabal, S., O’Young, D., Lukic, S., & Booth, J. R. (2015). Task dependent 

lexicality effects support interactive models of reading: A meta-analytic neuroimaging 

review. Neuropsychologia, 67, 148–158. 

https://doi.org/10.1016/J.NEUROPSYCHOLOGIA.2014.12.014 

Melby-Lervåg, M., Lyster, S.-A. H., & Hulme, C. (2012). Phonological skills and their role 

in learning to read: A meta-analytic review. In Psychological Bulletin (Vol. 138, Issue 2, 

pp. 322–352). American Psychological Association. https://doi.org/10.1037/a0026744 

Mengisidou, M., & Marshall, C. R. (2019). Deficient Explicit Access to Phonological 



177 

 

Representations Explains Phonological Fluency Difficulties in Greek Children With 

Dyslexia and/or Developmental Language Disorder. Frontiers in Psychology, 10, 638. 

https://doi.org/10.3389/fpsyg.2019.00638 

Miall, D. S., & Kuiken, D. (1994). Foregrounding, defamiliarization, and affect: Response to 

literary stories. Poetics, 22(5), 389–407. 

Milner, A. D., & Goodale, M. A. (2008). Two visual systems re-viewed. Neuropsychologia, 

46(3), 774–785. https://doi.org/10.1016/J.NEUROPSYCHOLOGIA.2007.10.005 

Milton, J. (2000). Pardise Lost. Penguin Books. 

Mitchell, J.-J. (2001). Comprehensive test of phonological processing. Assessment for 

Effective Intervention, 26(3), 57–63. 

Monaghan, P., Mattock, K., & Walker, P. (2012). The role of sound symbolism in language 

learning. In Journal of Experimental Psychology: Learning, Memory, and Cognition 

(Vol. 38, Issue 5, pp. 1152–1164). American Psychological Association. 

https://doi.org/10.1037/a0027747 

Monaghan, P., Shillcock, R. C., Christiansen, M. H., & Kirby, S. (2014). How arbitrary is 

language? Philosophical Transactions of the Royal Society of London. Series B, 

Biological Sciences, 369(1651), 20130299. https://doi.org/10.1098/rstb.2013.0299 

Murphy, P. R., O’Connell, R. G., O’Sullivan, M., Robertson, I. H., & Balsters, J. H. (2014). 

Pupil diameter covaries with BOLD activity in human locus coeruleus. Human Brain 

Mapping, 35(8), 4140–4154. https://doi.org/10.1002/hbm.22466 

Nation, K., Clarke, P., & Marshall, C. R. (2004). Hidden language impairments in children: 

parallels between poor reading comprehension and specific language impairment. 

Journal of Speech Language and Hearing Research, 47(1), 199–211. 



178 

 

Nation, K., & Snowling, M. (1998). Individual Differences in Contextual Facilitation: 

Evidence from Dyslexia and Poor Reading Comprehension. Child Development, 69(4), 

996–1011. https://doi.org/10.1111/j.1467-8624.1998.tb06157.x 

Nieuwenhuis, R., Te Grotenhuis, M., & Pelzer, B. (2017). Weighted Effect Coding for 

Observational Data with wec. The R Journal, 9(1), 477. https://doi.org/10.32614/RJ-

2017-017 

Nigam, A., Hoffman, J. E., & Simons, R. F. (1992). N400 to Semantically Anomalous 

Pictures and Words. Journal of Cognitive Neuroscience, 4(1), 15–22. 

https://doi.org/10.1162/jocn.1992.4.1.15 

Nuthmann, A., & Van Der Meer, E. (2005). Time’s arrow and pupillary response. 

Psychophysiology, 42(3), 306–317. https://doi.org/10.1111/j.1469-8986.2005.00291.x 

O’Rourke, T. B., & Holcomb, P. J. (2002). Electrophysiological evidence for the efficiency 

of spoken word processing. Biological Psychology, 60(2–3), 121–150. 

https://doi.org/10.1016/S0301-0511(02)00045-5 

Obermeier, C., Menninghaus, W., von Koppenfels, M., Raettig, T., Schmidt-Kassow, M., 

Otterbein, S., & Kotz, S. A. (2013). Aesthetic and emotional effects of meter and rhyme 

in poetry. Frontiers in Psychology, 4, 10. https://doi.org/10.3389/fpsyg.2013.00010 

Oganian, Y., & Ahissar, M. (2012). Poor anchoring limits dyslexics’ perceptual, memory, 

and reading skills. Neuropsychologia, 50(8), 1895–1905. 

https://doi.org/10.1016/J.NEUROPSYCHOLOGIA.2012.04.014 

Ouimet, T., & Balaban, E. (2010). Auditory stream biasing in children with reading 

impairments. Dyslexia (Chichester, England), 16(1), 45–65. 

https://doi.org/10.1002/dys.396 



179 

 

Ozernov-Palchik, O., Norton, E. S., Sideridis, G., Beach, S. D., Wolf, M., Gabrieli, J. D. E., 

& Gaab, N. (2017). Longitudinal stability of pre-reading skill profiles of kindergarten 

children: implications for early screening and theories of reading. Developmental 

Science, 20(5), e12471. https://doi.org/10.1111/desc.12471 

Paller, K. A., Voss, J. L., & Boehm, S. G. (2007). Validating neural correlates of familiarity. 

Trends in Cognitive Sciences, 11(6), 243–250. https://doi.org/10.1016/j.tics.2007.04.002 

Palmer, J. A., Makeig, S., Kreutz-Delgado, K., & Rao, B. D. (2008). Newton method for the 

ICA mixture model. 2008 IEEE International Conference on Acoustics, Speech and 

Signal Processing, 1805–1808. https://doi.org/10.1109/ICASSP.2008.4517982 

Parry, M., & Parry, A. (1987). The making of Homeric verse: The collected papers of Milman 

Parry. Oxford University Press on Demand. 

Partala, T., & Surakka, V. (2003). Pupil size variation as an indication of affective 

processing. International Journal of Human-Computer Studies, 59(1), 185–198. 

https://doi.org/https://doi.org/10.1016/S1071-5819(03)00017-X 

Pennington, B. F., Santerre-Lemmon, L., Rosenberg, J., MacDonald, B., Boada, R., Friend, 

A., Leopold, D. R., Samuelsson, S., Byrne, B., Willcutt, E. G., & Olson, R. K. (2012). 

Individual prediction of dyslexia by single versus multiple deficit models. Journal of 

Abnormal Psychology, 121(1), 212–224. https://doi.org/10.1037/a0025823 

Pennington, B. F., van Orden, G. C., Smith, S. D., Green, P. A., & Haith, M. M. (1990). 

Phonological Processing Skills and Deficits in Adult Dyslexics. Child Development, 

61(6), 1753–1778. https://doi.org/10.1111/j.1467-8624.1990.tb03564.x 

Perfetti, C. A. (2007). Reading Ability: Lexical Quality to Comprehension. Scientific Studies 

of Reading, 11(4), 357–383. https://doi.org/10.1080/10888430701530730 



180 

 

Perfetti, C. A., Wlotko, E. W., & Hart, L. A. (2005). Word Learning and Individual 

Differences in Word Learning Reflected in Event-Related Potentials. In Journal of 

Experimental Psychology: Learning, Memory, and Cognition (Vol. 31, Issue 6, pp. 

1281–1292). American Psychological Association. https://doi.org/10.1037/0278-

7393.31.6.1281 

Perniss, P., Thompson, R. L., & Vigliocco, G. (2010). Iconicity as a general property of 

language: evidence from spoken and signed languages. Frontiers in Psychology, 1, 227. 

https://doi.org/10.3389/fpsyg.2010.00227 

Perniss, P., & Vigliocco, G. (2014). The bridge of iconicity: from a world of experience to 

the experience of language. Philosophical Transactions of the Royal Society of London. 

Series B, Biological Sciences, 369(1651), 20130300. 

https://doi.org/10.1098/rstb.2013.0300 

Peterson, R. L., & Pennington, B. F. (2015). Developmental Dyslexia. Annual Review of 

Clinical Psychology, 11(1), 283–307. https://doi.org/10.1146/annurev-clinpsy-032814-

112842 

Peterson, R. L., Pennington, B. F., Olson, R. K., & Wadsworth, S. J. (2014). Longitudinal 

stability of phonological and surface subtypes of developmental dyslexia. Scientific 

Studies of Reading, 18(5), 347–362. 

Piquado, T., Isaacowitz, D., & Wingfield, A. (2010). Pupillometry as a measure of cognitive 

effort in younger and older adults. Psychophysiology, 47(3), 560–569. 

https://doi.org/10.1111/j.1469-8986.2009.00947.x 

Pritchard, S. C., Coltheart, M., Palethorpe, S., & Castles, A. (2012). Nonword reading: 

Comparing dual-route cascaded and connectionist dual-process models with human data. 

In Journal of Experimental Psychology: Human Perception and Performance (Vol. 38, 



181 

 

Issue 5, pp. 1268–1288). American Psychological Association. 

https://doi.org/10.1037/a0026703 

Ramus, F. (2001a). Outstanding questions about phonological processing in dyslexia. In 

Dyslexia. (Vol. 7, Issue 4, pp. 197–216). https://doi.org/10.1002/dys.205 

Ramus, F. (2001b). Talk of two theories. Nature, 412(6845), 393–394. 

https://doi.org/10.1038/35086683 

Ramus, F., & Ahissar, M. (2012). Developmental dyslexia: The difficulties of interpreting 

poor performance, and the importance of normal performance. Cognitive 

Neuropsychology, 29(1–2), 104–122. https://doi.org/10.1080/02643294.2012.677420 

Ramus, F., Marshall, C. R., Rosen, S., & van der Lely, H. K. J. (2013). Phonological deficits 

in specific language impairment and developmental dyslexia: towards a 

multidimensional model. Brain, 136(2), 630–645. https://doi.org/10.1093/brain/aws356 

Ramus, F., Rosen, S., Dakin, S. C., Day, B. L., Castellote, J. M., White, S., & Frith, U. 

(2003). Theories of developmental dyslexia: insights from a multiple case study of 

dyslexic adults. Brain, 126(4), 841–865. https://doi.org/10.1093/brain/awg076 

Ramus, F., & Szenkovits, G. (2008). What Phonological Deficit? Quarterly Journal of 

Experimental Psychology, 61(1), 129–141. https://doi.org/10.1080/17470210701508822 

Ranganath, C., Yonelinas, A. P., Cohen, M. X., Dy, C. J., Tom, S. M., & D’Esposito, M. 

(2004). Dissociable correlates of recollection and familiarity within the medial temporal 

lobes. Neuropsychologia, 42(1), 2–13. 

https://doi.org/10.1016/J.NEUROPSYCHOLOGIA.2003.07.006 

Rayner, K., & Reichle, E. D. (2010). Models of the reading process. Wiley Interdisciplinary 

Reviews: Cognitive Science, 1(6), 787–799. 



182 

 

Reimer, J., McGinley, M. J., Liu, Y., Rodenkirch, C., Wang, Q., McCormick, D. A., & 

Tolias, A. S. (2016). Pupil fluctuations track rapid changes in adrenergic and cholinergic 

activity in cortex. Nature Communications, 7, 13289. 

https://doi.org/10.1038/ncomms13289 

Ricketts, J., Nation, K., & Bishop, D. V. M. (2007). Vocabulary Is Important for Some, but 

Not All Reading Skills. Scientific Studies of Reading, 11(3), 235–257. 

https://doi.org/10.1080/10888430701344306 

Riese, K., Bayer, M., Lauer, G., & Schacht, A. (2014). In the eye of the recipient: Pupillary 

responses to suspense in literary classics. Scientific Studies of Literature, 4(2), 211–232. 

https://doi.org/https://doi.org/10.1075/ssol.4.2.05rie 

Robinson, D. H., & Katayama, A. D. (1997). At-lexical, articulatory interference in silent 

reading: The “upstream” tongue-twister effect. Memory & Cognition, 25(5), 661–665. 

Rotello, C. M., & Heit, E. (1999). Two-Process Models of Recognition Memory: Evidence 

for Recall-to-Reject? Journal of Memory and Language. 

https://doi.org/10.1006/jmla.1998.2623 

Rubin, D. C. (1995). Memory in oral traditions: The cognitive psychology of epic, ballads, 

and counting-out rhymes. Oxford University Press on Demand. 

Ruffino, M., Gori, S., Boccardi, D., Molteni, M., & Facoetti, A. (2014). Spatial and temporal 

attention in developmental dyslexia. Frontiers in Human Neuroscience, 8, 331. 

https://doi.org/10.3389/fnhum.2014.00331 

Rugg, M. D. (1995). Electrophysiology of Mind : Event-Related Brain Potentials and 

Cognition. (M. G. Coles (Ed.)). Oxford : Oxford University Press, UK. 

Rugg, M. D., & Curran, T. (2007). Event-related potentials and recognition memory. Trends 



183 

 

in Cognitive Sciences, 11(6), 251–257. https://doi.org/10.1016/J.TICS.2007.04.004 

Rüsseler, J., Becker, P., Johannes, S., & Münte, T. F. (2007). Semantic, syntactic, and 

phonological processing of written words in adult developmental dyslexic readers: an 

event-related brain potential study. BMC Neuroscience, 8(1), 52. 

https://doi.org/10.1186/1471-2202-8-52 

Scheepers, C., Mohr, S., Fischer, M. H., & Roberts, A. M. (2013). Listening to Limericks: A 

Pupillometry Investigation of Perceivers’ Expectancy. PLOS ONE, 8(9), e74986. 

https://doi.org/10.1371/journal.pone.0074986 

Schmalz, X., Marinus, E., & Castles, A. (2013). Phonological decoding or direct access? 

Regularity effects in lexical decisions of Grade 3 and 4 children. The Quarterly Journal 

of Experimental Psychology, 66(2), 338–346. 

https://doi.org/10.1080/17470218.2012.711843 

Schneider, W., Roth, E., & Ennemoser, M. (2000). Training phonological skills and letter 

knowledge in children at risk for dyslexia: A comparison of three kindergarten 

intervention programs. Journal of Educational Psychology, 92(2), 284–295. 

https://doi.org/10.1037/0022-0663.92.2.284 

Schulz, E., Maurer, U., van der Mark, S., Bucher, K., Brem, S., Martin, E., & Brandeis, D. 

(2008). Impaired semantic processing during sentence reading in children with dyslexia: 

Combined fMRI and ERP evidence. NeuroImage, 41(1), 153–168. 

https://doi.org/10.1016/J.NEUROIMAGE.2008.02.012 

Sedley, D. (2003). Plato’s Cratylus. Cambridge University Press. 

Seidenberg, M. S. (2005). Connectionist models of word reading. Current Directions in 

Psychological Science, 14(5), 238–242. https://doi.org/10.1111/j.0963-



184 

 

7214.2005.00372.x 

Seidenberg, M. S., & McClelland, J. L. (1989). A distributed, developmental model of word 

recognition and naming. Psychological Review, 96(4), 523–568. 

https://doi.org/10.1037/0033-295x.96.4.523 

Share, D. L. (1995). Phonological recoding and self-teaching: Sine qua non of reading 

acquisition. Cognition, 55(2), 151–218. 

Share, D. L. (1999). Phonological Recoding and Orthographic Learning: A Direct Test of the 

Self-Teaching Hypothesis. Journal of Experimental Child Psychology, 72(2), 95–129. 

https://doi.org/10.1006/JECP.1998.2481 

Share, D. L., Jorm, A. F., Maclean, R., & Matthews, R. (2002). Temporal processing and 

reading disability. Reading and Writing, 15(1), 151–178. 

https://doi.org/10.1023/A:1013876606178 

Shaywitz, S. E., & Shaywitz, B. A. (2008). Paying attention to reading: The neurobiology of 

reading and dyslexia. Development and Psychopathology, 20(4), 1329–1349. 

https://doi.org/10.1017/S0954579408000631 

Shaywitz, S. E., Shaywitz, B. A., Pugh, K. R., Fulbright, R. K., Constable, R. T., Mencl, W. 

E., Shankweiler, D. P., Liberman, A. M., Skudlarski, P., Fletcher, J. M., Katz, L., 

Marchione, K. E., Lacadie, C., Gatenby, C., & Gore, J. C. (1998). Functional disruption 

in the organization of the brain for reading in dyslexia. Proceedings of the National 

Academy of Sciences of the United States of America, 95(5), 2636–2641. 

https://doi.org/10.1073/pnas.95.5.2636 

Shcherbakova, O., Alexander, K., & Gorbunov, I. (2019). IQ level mediates ERPs during 

responses to semantical incongruence. In Human Neuroscience Archive. 



185 

 

http://www.frontiersin.org/Journal/FullText.aspx?s=537&name=human_neuroscience_a

rchive&ART_DOI=10.3389/conf.fnhum.2017.224.00028 

Shimamura, A. P., Janowsky, J. S., & Squire, L. R. (1990). Memory for the temporal order of 

events in patients with frontal lobe lesions and amnesic patients. Neuropsychologia, 

28(8), 803–813. https://doi.org/10.1016/0028-3932(90)90004-8 

Siegle, G. J., Steinhauer, S. R., Carter, C. S., Ramel, W., & Thase, M. E. (2003). Do the 

Seconds Turn Into Hours? Relationships between Sustained Pupil Dilation in Response 

to Emotional Information and Self-Reported Rumination. Cognitive Therapy and 

Research, 27(3), 365–382. https://doi.org/10.1023/A:1023974602357 

Silva-Pereyra, J., Harmony, T., Villanueva, G., Fernández, T., Rodrı́guez, M., Galán, L., 

Dı́az-Comas, L., Bernal, J., Fernández-Bouzas, A., Marosi, E., & Reyes, A. (1999). 

N400 and lexical decisions: automatic or controlled processing? Clinical 

Neurophysiology, 110(5), 813–824. https://doi.org/10.1016/S1388-2457(99)00009-7 

Singleton, C., & Henderson, L. (2007). Computerized screening for visual stress in children 

with dyslexia. Dyslexia, 13(2), 130–151. 

Singleton, C., & Trotter, S. (2005). Visual stress in adults with and without dyslexia. Journal 

of Research in Reading, 28(3), 365–378. https://doi.org/10.1111/j.1467-

9817.2005.00275.x 

Skinner, E. I., & Fernandes, M. A. (2007). Neural correlates of recollection and familiarity: A 

review of neuroimaging and patient data. Neuropsychologia, 45(10), 2163–2179. 

https://doi.org/10.1016/J.NEUROPSYCHOLOGIA.2007.03.007 

Skottun, B. C. (2000). The magnocellular deficit theory of dyslexia: the evidence from 

contrast sensitivity. Vision Research, 40(1), 111–127. https://doi.org/10.1016/S0042-



186 

 

6989(99)00170-4 

Smith, C. N., Wixted, J. T., & Squire, L. R. (2011). The Hippocampus Supports Both 

Recollection and Familiarity When Memories Are Strong. The Journal of Neuroscience, 

31(44), 15693 LP – 15702. https://doi.org/10.1523/JNEUROSCI.3438-11.2011 

Smith, M. E. (1993). Neurophysiological Manifestations of Recollective Experience during 

Recognition Memory Judgments. Journal of Cognitive Neuroscience, 5(1), 1–13. 

https://doi.org/10.1162/jocn.1993.5.1.1 

Snodgrass, J. G., & Corwin, J. (1988). Pragmatics of measuring recognition memory: 

applications to dementia and amnesia. Journal of Experimental Psychology. General, 

117(1), 34–50. https://doi.org/10.1037//0096-3445.117.1.34 

Snowling, M. (1998). Dyslexia as a Phonological Deficit: Evidence and Implications. Child 

Psychology and Psychiatry Review, 3(1), 4–11. https://doi.org/10.1111/1475-

3588.00201 

Snowling, M. (2000). Dyslexia (2nd ed.). Blackwell Publishing Ltd. 

Snowling, M., & Hulme, C. (2012). Annual research review: the nature and classification of 

reading disorders--a commentary on proposals for DSM-5. Journal of Child Psychology 

and Psychiatry, and Allied Disciplines, 53(5), 593–607. https://doi.org/10.1111/j.1469-

7610.2011.02495.x 

Snowling, M., & Hulme, C. (2013). Children’s reading impairments: From theory to practice. 

Japanese Psychological Research, 55(2), 186–202. https://doi.org/10.1111/j.1468-

5884.2012.00541.x 

Snowling, M., & Nation, K. (1997). Language, Phonology and Learning to Read. In C. 

Hulme & M. Snowling (Eds.), Dyslexia: Biology Cognition and Intervention (1st ed., 



187 

 

pp. 153–166). Whurr Publishers Ltd. 

Snowling, M., Nation, K., Moxham, P., Gallagher, A., & Frith, U. (1997). Phonological 

Processing Skills of Dyslexic Students in Higher Education: A Preliminary Report. 

Journal of Research in Reading, 20(1), 31–41. https://doi.org/doi:10.1111/1467-

9817.00018 

Soroli, E., Szenkovits, G., & Ramus, F. (2010). Exploring dyslexics’ phonological deficit III: 

foreign speech perception and production. Dyslexia, 16(4), 318–340. 

https://doi.org/10.1002/dys.415 

Spinelli, D., Angelelli, P., De Luca, M., Di Pace, E., Judica, A., & Zoccolotti, P. (1997). 

Developmental surface dyslexia is not associated with deficits in the transient visual 

system. Neuroreport, 8(8), 1807–1812. https://doi.org/10.1097/00001756-199705260-

00003 

Stanislaw, H., & Todorov, N. (1999). Calculation of signal detection theory measures. 

Behavior Research Methods, Instruments, & Computers, 31(1), 137–149. 

https://doi.org/10.3758/BF03207704 

Stanovich, K. E. (1988). Explaining the Differences Between the Dyslexic and the Garden-

Variety Poor Reader: The Phonological-Core Variable-Difference Model. Journal of 

Learning Disabilities, 21(10), 590–604. https://doi.org/10.1177/002221948802101003 

Stanovich, K. E. (2009). Matthew Effects in Reading: Some Consequences of Individual 

Differences in the Acquisition of Literacy. Journal of Education, 189(1–2), 23–55. 

https://doi.org/10.1177/0022057409189001-204 

Stanovich, K. E., & West, R. F. (1989). Exposure to Print and Orthographic Processing. 

Reading Research Quarterly, 24(4), 402–433. https://doi.org/10.2307/747605 



188 

 

Stein, J. F. (2018). Does dyslexia exist? Language, Cognition and Neuroscience, 33(3), 313–

320. https://doi.org/10.1080/23273798.2017.1325509 

Stein, J. F. (2019). The current status of the magnocellular theory of developmental dyslexia. 

Neuropsychologia, 130, 66–77. 

https://doi.org/10.1016/J.NEUROPSYCHOLOGIA.2018.03.022 

Stein, J. F., & Walsh, V. (1997). To see but not to read; the magnocellular theory of dyslexia. 

Trends in Neurosciences, 20(4), 147–152. 

Stoet, G., Markey, H., & López, B. (2007). Dyslexia and attentional shifting. Neuroscience 

Letters, 427(1), 61–65. https://doi.org/10.1016/J.NEULET.2007.09.014 

Sučević, J., Savić, A. M., Popović, M. B., Styles, S. J., & Ković, V. (2015). Balloons and 

bavoons versus spikes and shikes: ERPs reveal shared neural processes for shape-sound-

meaning congruence in words, and shape-sound congruence in pseudowords. Brain and 

Language, 145–146. https://doi.org/10.1016/j.bandl.2015.03.011 

Swaab, T., Ledoux, K., Camblin, C., & Boudewyn, M. (2012). Language-Related ERP 

Components. In S. Luck & E. Kappenman (Eds.), The Oxford Handbook of Event-

Related Potential Components (pp. 397–439). Oxford University Press. 

Sweeny, T. D., Guzman-Martinez, E., Ortega, L., Grabowecky, M., & Suzuki, S. (2012). 

Sounds exaggerate visual shape. Cognition, 124(2), 194–200. 

https://doi.org/10.1016/J.COGNITION.2012.04.009 

Szenkovits, G., Darma, Q., Darcy, I., & Ramus, F. (2016). Exploring dyslexics’ phonological 

deficit II: Phonological grammar. First Language, 36(3), 316–337. 

https://doi.org/10.1177/0142723716648841 

Tallal, P. (1980). Auditory temporal perception, phonics, and reading disabilities in children. 



189 

 

Brain and Language, 9(2), 182–198. https://doi.org/10.1016/0093-934X(80)90139-X 

Talmi, D., & Moscovitch, M. (2004). Can semantic relatedness explain the enhancement of 

memory for emotional words? Memory & Cognition, 32(5), 742–751. 

https://doi.org/10.3758/BF03195864 

Thompson, R. L., Vinson, D. P., Woll, B., & Vigliocco, G. (2012). The Road to Language 

Learning Is Iconic: Evidence From British Sign Language. Psychological Science, 

23(12), 1443–1448. https://doi.org/10.1177/0956797612459763 

Tillmann, B., & Dowling, W. J. (2007). Memory decreases for prose, but not for poetry. 

Memory & Cognition, 35(4), 628–639. 

Torgesen, J. K. (2005). Recent discoveries from research on remedial interventions for 

children with dyslexia. The Science of Reading, 521–537. 

Torgesen, J. K., Wagner, R. K., & Rashotte, C. A. (1999). Test of Word Reading Efficiency. 

PRO-ED. 

Torgesen, J. K., Wagner, R. K., Rashotte, C. A., Rose, E., Lindamood, P., Conway, T., & 

Garvan, C. (1999). Preventing reading failure in young children with phonological 

processing disabilities: Group and individual responses to instruction. Journal of 

Educational Psychology, 91(4), 579. 

Tsivilis, D., Allan, K., Roberts, J., Williams, N., Downes, J. J., & El-Deredy, W. (2015). Old-

new ERP effects and remote memories: the late parietal effect is absent as recollection 

fails whereas the early mid-frontal effect persists as familiarity is retained. Frontiers in 

Human Neuroscience, 9, 532. https://doi.org/10.3389/fnhum.2015.00532 

Turriziani, P., Oliveri, M., Salerno, S., Costanzo, F., Koch, G., Caltagirone, C., & Carlesimo, 

G. A. (2008). Recognition memory and prefrontal cortex: dissociating recollection and 



190 

 

familiarity processes using rTMS. Behavioural Neurology, 19(1–2), 23–27. 

https://doi.org/10.1155/2008/568057 

Turriziani, P., Smirni, D., Oliveri, M., Semenza, C., & Cipolotti, L. (2010). The role of the 

prefrontal cortex in familiarity and recollection processes during verbal and non-verbal 

recognition memory: an rTMS study. NeuroImage, 52(1), 348–357. 

https://doi.org/10.1016/j.neuroimage.2010.04.007 

Van Gerven, P. W. M., Paas, F., Van Merriënboer, J. J. G., & Schmidt, H. G. (2004). 

Memory load and the cognitive pupillary response in aging. Psychophysiology, 41(2), 

167–174. https://doi.org/10.1111/j.1469-8986.2003.00148.x 

van Rijthoven, R., Kleemans, T., Segers, E., & Verhoeven, L. (2018). Beyond the 

phonological deficit: Semantics contributes indirectly to decoding efficiency in children 

with dyslexia. Dyslexia, 24(4), 309–321. https://doi.org/10.1002/dys.1597 

Vaughan-Evans, A., Trefor, R., Jones, L., Lynch, P., Jones, M. W., & Thierry, G. (2016). 

Implicit Detection of Poetic Harmony by the Naïve Brain. Frontiers in Psychology, 7, 

1859. https://doi.org/10.3389/fpsyg.2016.01859 

Vellutino, F. R., & Fletcher, J. M. (2008). Developmental Dyslexia. In M. Snowling & C. 

Hulme (Eds.), The science of reading a handbook (pp. 362–378). Blackwell Publishing 

Ltd. 

Vellutino, F. R., Fletcher, J. M., Snowling, M., & Scanlon, D. M. (2004). Specific reading 

disability (dyslexia): what have we learned in the past four decades? Journal of Child 

Psychology and Psychiatry, 45(1), 2–40. https://doi.org/10.1046/j.0021-

9630.2003.00305.x 

Vidyasagar, T. R. (2013). Reading into neuronal oscillations in the visual system: 



191 

 

implications for developmental dyslexia. Frontiers in Human Neuroscience, 7, 811. 

Vidyasagar, T. R., & Pammer, K. (2010). Dyslexia: a deficit in visuo-spatial attention, not in 

phonological processing. Trends in Cognitive Sciences, 14(2), 57–63. 

Võ, M. L.-H., Jacobs, A., Kuchinke, L., Hofmann, M., Conrad, M., Schacht, A., & Hutzler, 

F. (2008). The coupling of emotion and cognition in the eye: Introducing the pupil 

old/new effect. Psychophysiology, 45(1), 130–140. https://doi.org/10.1111/j.1469-

8986.2007.00606.x 

Voss, J. L., Lucas, H. D., & Paller, K. A. (2012). More than a feeling: Pervasive influences of 

memory without awareness of retrieval. Cognitive Neuroscience, 3(3–4), 193–207. 

https://doi.org/10.1080/17588928.2012.674935 

Voss, J. L., & Paller, K. A. (2006). Fluent Conceptual Processing and Explicit Memory for 

Faces Are Electrophysiologically Distinct. The Journal of Neuroscience, 26(3), 926 LP 

– 933. https://doi.org/10.1523/JNEUROSCI.3931-05.2006 

Wagner, R. K., & Torgesen, J. K. (1987). The nature of phonological processing and its 

causal role in the acquisition of reading skills. Psychological Bulletin, 101(2), 192–212. 

https://doi.org/10.1037/0033-2909.101.2.192 

Wagner, R. K., Torgesen, J. K., & Rashotte, C. A. (1999). Comprehensive Test of 

Phonological Processing. PRO-ED. 

Wais, P. E., Squire, L. R., & Wixted, J. T. (2009). In Search of Recollection and Familiarity 

Signals in the Hippocampus. Journal of Cognitive Neuroscience, 22(1), 109–123. 

https://doi.org/10.1162/jocn.2009.21190 

Wais, P. E., Wixted, J. T., Hopkins, R. O., & Squire, L. R. (2006). The Hippocampus 

Supports both the Recollection and the Familiarity Components of Recognition 



192 

 

Memory. Neuron, 49(3), 459–466. https://doi.org/10.1016/J.NEURON.2005.12.020 

Wang, C.-A., Baird, T., Huang, J., Coutinho, J. D., Brien, D. C., & Munoz, D. P. (2018). 

Arousal Effects on Pupil Size, Heart Rate, and Skin Conductance in an Emotional Face 

Task. Frontiers in Neurology, 9, 1029. 

Wang, C.-A., & Munoz, D. P. (2015). A circuit for pupil orienting responses: implications for 

cognitive modulation of pupil size. Current Opinion in Neurobiology, 33, 134–140. 

https://doi.org/10.1016/J.CONB.2015.03.018 

Wassiliwizky, E., Jacobsen, T., Heinrich, J., Schneiderbauer, M., & Menninghaus, W. (2017). 

Tears Falling on Goosebumps: Co-occurrence of Emotional Lacrimation and Emotional 

Piloerection Indicates a Psychophysiological Climax in Emotional Arousal. Frontiers in 

Psychology, 8, 41. https://www.frontiersin.org/article/10.3389/fpsyg.2017.00041 

Wassiliwizky, E., Koelsch, S., Wagner, V., Jacobsen, T., & Menninghaus, W. (2017). The 

emotional power of poetry: neural circuitry, psychophysiology and compositional 

principles. Social Cognitive and Affective Neuroscience, 12(8), 1229–1240. 

https://doi.org/10.1093/scan/nsx069 

Waters, G., Caplan, D., & Hildebrandt, N. (1987). Working memory and written sentence 

comprehension. 

Wechsler, D. (1999). Wechsler Abbreviated Scale of Intelligence WASI: Manual. 

Pearson/PsychCorpl. https://books.google.co.uk/books?id=adTXtwAACAAJ 

Wechsler, D. (2011). Wechsler Abbreviated Scale of Intelligence. TX: Pearson. 

Wennås Brante, E. (2013). ‘I don’t know what it is to be able to read’: how students with 

dyslexia experience their reading impairment. Support for Learning, 28(2), 79–86. 

https://doi.org/10.1111/1467-9604.12022 



193 

 

West, W. C., & Holcomb, P. J. (2002). Event-related potentials during discourse-level 

semantic integration of complex pictures. Cognitive Brain Research, 13(3), 363–375. 

https://doi.org/10.1016/S0926-6410(01)00129-X 

Westbury, C. (2005). Implicit sound symbolism in lexical access: Evidence from an 

interference task. Brain and Language, 93(1), 10–19. 

https://doi.org/10.1016/J.BANDL.2004.07.006 

Wetzel, N., Buttelmann, D., Schieler, A., & Widmann, A. (2016). Infant and adult pupil 

dilation in response to unexpected sounds. Developmental Psychobiology, 58(3). 

https://doi.org/10.1002/dev.21377 

Wheeler, M. A., & Stuss, D. T. (2003). Remembering and Knowing in Patients with Frontal 

Lobe Injuries. Cortex, 39(4–5), 827–846. https://doi.org/10.1016/S0010-9452(08)70866-

9 

Wheeler, M. A., Stuss, D. T., & Tulving, E. (1995). Frontal lobe damage produces episodic 

memory impairment. Journal of the International Neuropsychological Society, 1(6), 

525–536. 

Wheeler, M. A., Stuss, D. T., & Tulving, E. (1997). Toward a theory of episodic memory: the 

frontal lobes and autonoetic consciousness. Psychological Bulletin, 121(3), 331. 

Wilding, E. L. (2000). In what way does the parietal ERP old/new effect index recollection? 

International Journal of Psychophysiology : Official Journal of the International 

Organization of Psychophysiology, 35(1), 81–87. https://doi.org/10.1016/s0167-

8760(99)00095-1 

Wilding, E. L., Doyle, M. C., & Rugg, M. D. (1995). Recognition memory with and without 

retrieval of context: An event-related potential study. Neuropsychologia, 33(6), 743–



194 

 

767. https://doi.org/10.1016/0028-3932(95)00017-W 

Wilding, E. L., & Ranganath, C. (2012). Electrophysiological Correlates of Episodic Memory 

Processes. In S. Luck & E. Kappenman (Eds.), The Oxford Handbook of Event-Related 

Potential Components (pp. 373–395). Oxford University Press. 

Willburger, E., & Landerl, K. (2010). Anchoring the deficit of the anchor deficit: dyslexia or 

attention? Dyslexia (Chichester, England), 16(2), 175–182. 

https://doi.org/10.1002/dys.404 

Willems, R., & Jacobs, A. (2016). Caring About Dostoyevsky: The Untapped Potential of 

Studying Literature. Trends in Cognitive Sciences, 20(4), 243–245. 

https://doi.org/https://doi.org/10.1016/j.tics.2015.12.009 

Wilson, A. M., & Lesaux, N. K. (2001). Persistence of Phonological Processing Deficits in 

College Students with Dyslexia Who Have Age-Appropriate Reading Skills. Journal of 

Learning Disabilities, 34(5), 394–400. https://doi.org/10.1177/002221940103400501 

Wise, B. W., Ring, J., & Olson, R. K. (1999). Training phonological awareness with and 

without explicit attention to articulation. Journal of Experimental Child Psychology, 

72(4), 271–304. 

Wixted, J. T. (2007). Dual-process theory and signal-detection theory of recognition memory. 

Psychological Review, 114(1), 152–176. https://doi.org/10.1037/0033-295X.114.1.152 

Wixted, J. T., & Squire, L. R. (2004). Recall and recognition are equally impaired in patients 

with selective hippocampal damage. Cognitive, Affective, & Behavioral Neuroscience, 

4(1), 58–66. https://doi.org/10.3758/CABN.4.1.58 

Wolf, M., & Bowers, P. G. (1999). The double-deficit hypothesis for the developmental 

dyslexias. Journal of Educational Psychology, 91(3), 415. 



195 

 

Wolf, M., & Stoodley, C. J. (2008). Proust and the squid: The story and science of the 

reading brain. Harper Perennial New York. 

Wu, Y. J., Athanassiou, S., Dorjee, D., Roberts, M., & Thierry, G. (2011). Brain Potentials 

Dissociate Emotional and Conceptual Cross-Modal Priming of Environmental Sounds. 

Cerebral Cortex, 22(3), 577–583. https://doi.org/10.1093/cercor/bhr128 

Yaron, I. (2002). Processing of obscure poetic texts: Mechanisms of selection. In Journal of 

Literary Semantics (Vol. 31, p. 133). https://doi.org/10.1515/jlse.2002.013 

Yonelinas, A. P. (2001). Consciousness, control, and confidence: the 3 Cs of recognition 

memory. Journal of Experimental Psychology. General, 130(3), 361–379. 

Yonelinas, A. P. (2002). The nature of recollection and familiarity: A review of 30 years of 

research. Journal of Memory and Language, 46(3), 441–517. 

https://doi.org/10.1006/jmla.2002.2864 

Yonelinas, A. P., Aly, M., Wang, W.-C., & Koen, J. D. (2010). Recollection and familiarity: 

examining controversial assumptions and new directions. Hippocampus, 20(11), 1178–

1194. https://doi.org/10.1002/hipo.20864 

Yonelinas, A. P., Kroll, N. E. A., Quamme, J. R., Lazzara, M. M., Sauvé, M.-J., Widaman, K. 

F., & Knight, R. T. (2002). Effects of extensive temporal lobe damage or mild hypoxia 

on recollection and familiarity. Nature Neuroscience, 5(11), 1236–1241. 

Yonelinas, A. P., Otten, L. J., Shaw, K. N., & Rugg, M. D. (2005). Separating the Brain 

Regions Involved in Recollection and Familiarity in Recognition Memory. The Journal 

of Neuroscience, 25(11), 3002 LP – 3008. https://doi.org/10.1523/JNEUROSCI.5295-

04.2005 

Yovel, G., & Paller, K. A. (2004). The neural basis of the butcher-on-the-bus phenomenon: 



196 

 

when a face seems familiar but is not remembered. NeuroImage, 21(2), 789–800. 

https://doi.org/10.1016/J.NEUROIMAGE.2003.09.034 

Zekveld, A. A., Heslenfeld, D. J., Johnsrude, I. S., Versfeld, N. J., & Kramer, S. E. (2014). 

The eye as a window to the listening brain: Neural correlates of pupil size as a measure 

of cognitive listening load. NeuroImage, 101, 76–86. 

https://doi.org/https://doi.org/10.1016/j.neuroimage.2014.06.069 

Zhang, S., & Perfetti, C. A. (1993). The tongue-twister effect in reading Chinese. Journal of 

Experimental Psychology: Learning, Memory, and Cognition, 19(5), 1082–1093. 

https://doi.org/10.1037/0278-7393.19.5.1082 

Ziegler, J. C., Castel, C., Pech-Georgel, C., George, F., Alario, F.-X., & Perry, C. (2008). 

Developmental dyslexia and the dual route model of reading: Simulating individual 

differences and subtypes. Cognition, 107(1), 151–178. 

https://doi.org/10.1016/J.COGNITION.2007.09.004 

Zorzi, M., Barbiero, C., Facoetti, A., Lonciari, I., Carrozzi, M., Montico, M., Bravar, L., 

George, F., Pech-Georgel, C., & Ziegler, J. C. (2012). Extra-large letter spacing 

improves reading in dyslexia. Proceedings of the National Academy of Sciences, 

109(28), 11455 LP – 11459. https://doi.org/10.1073/pnas.1205566109 

 

 

 

 

  



197 

 

Appendix A 

Word-pairs used in Experiments 1, 2 & 3 
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Adjective   

Congruent 

Alliterating 

Congruent 

Non-alliterating 

Incongruent 

Alliterating 

Incongruent 

Non-Alliterating 

 

Noun 

agile friendly abrasive packed  ally 

abrasive teenage agile crisp  art 

artistic reckless adorable nasty  acrobat 

adorable wild artistic rigid  animal 

baked crisp bewitching cruel  bread 

bewitching loving baked marshy  bride 

blue red busy comfy  balloon 

bitter tasty boring tired  beer 

bleak dark bitter maternal  building 

brown nice beastly reckless  biscuit 

boring spellbinding broken tender  book 

broken meaty blue winter  bone 

beastly mature bleak family  bear 

busy flying brown fun  bee 

crazy fun caring grumpy  carnival 

caring virtuous clumsy meaty  community 

crass sarcastic colourful gleaming  convict 

colourful lighthearted cruel wealthy  cartoon 

comfy winter crisp lively  coat 

clumsy large creepy spellbinding  cow 

creepy haunted curious devastating  castle 

crisp vile crazy lost  cold 

cruel polite comfy slow  comment 

curious adorable crass rational  cat 

dangerous brown devastating bleak  dog 

dazzling sparkling dangerous creepy  diamond 

delicious spicy dark teenage  dinner 

delightful rational delicious red  discussion 

devastating bleak delightful adorable  disease 

dark cruel dazzling brown  depression 
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faded velvety faithful volatile  fabric 

faithful caring fresh vivid  friend 

flimsy wooden feral caring  furniture 

feral hunted flimsy sparkling  fox 

family marshy faded smart  farm 

flying national frightening warmhearted  flag 

fresh colourful friendly handsome  fruit 

friendly pudgy family busy  face 

frightening dangerous fun national  fire 

fun private flying growing  fact 

gleaming bewitching grouchy crazy  gold 

grumpy maternal gleaming dangerous  girlfriend 

growing trampled grumpy mischievous  grass 

grouchy faithful growing colourful  grandfather 

handsome warmhearted haunted wooden  husband 

haunted family handsome vicious  house 

hunted agile hostile faded  hare 

hostile wounded hunted polite  horse 

large romantic loving broken  lunch 

lighthearted mischievious lost baked  laugh 

lively baked lethargic boring  lamb 

lethargic slow lively abrasive  limp 

lost packed lighthearted raw  luggage 

loving tender large vile  lullaby 

mature lethargic marshy stormy  man 

meaty fresh mesmerizing grouchy  mutton 

mesmerizing sad mischievous large  music 

mischievious noisy maternal flimsy  male 

maternal smelly mature artistic  mare 

marshy stormy meaty clumsy  mountain 

national devastating noisy wounded  news 

nasty frightening nice dazzling  nightmare 

nice lost nasty wild  necklace 

noisy handsome national velvety  neighbour 
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packed rigid polite mature  prison 

pudgy curious principled romantic  puppy 

plump comfy private mesmerizing  pillows 

polite crass plump smelly  personality 

principled abrasive packed tasty  politician 

private crazy pudgy beastly  party 

raw bitter reckless frightening  radish 

reckless nasty rational friendly  rebellion 

romantic busy rigid curious  restaurant 

rigid boring red sarcastic  routine 

red delightful raw talented  rose 

rational broken romantic bewitching  rule 

sad vivid smart principled  song 

sarcastic tired spitting trampled  secretary 

spitting beastly sarcastic private  snake 

sparkling gleaming slow haunted  star 

slow plump spellbinding noisy  snail 

smart artistic smelly flying  scholar 

smelly faded stormy crass  socks 

spellbinding mesmerizing sparkling plump  story 

spicy raw sad hostile  soup 

stormy blue spicy pudgy  sea 

teenage volatile talented blue  taunt 

tired grumpy teenage bitter  toddler 

trampled growing tired sad  tulip 

talented wealthy trampled dark  tycoon 

velvety grouchy volatile fresh  voice 

vile clumsy velvety delightful  villain 

vicious creepy vivid faithful  vulture 

vivid dazzling vicious agile  view 

winter vicious wooden loving  weather 

wealthy principled wild feral  widow 

wild feral warmhearted nice  wolf 

warmhearted smart winter spicy  wizard 
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wooden flimsy wounded hunted  wardrobe 

wounded hostile wealthy delicious  warrior 

tasty delicious tender virtuous  toast 

tender lively tasty lethargic  tune 

volatile spitting virtuous lighthearted  volcano 

virtuous talented vile spitting  vet 
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Appendix B 

Experiment 4 Stimuli and Counterbalancing 
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Counterbalancing 

The experimental items for this experiment comprised 4 experimental lists. Each participant 

saw the items from 2 lists in session 1 (the encoding stage), and then again in the second 

session (as the old condition). An additional third list was presented in the second session 

comprising the new condition. See below for the 12 versions of the experiment, which were 

created in order to fully counterbalance presentation of the lists. 

 

 

All experimental items from this experiment are on the following page, with experimental list 

indicated in superscript 
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Adjective   

Congruent 

Alliterating 

Congruent 

Non-alliterating 

Incongruent 

Alliterating 

Incongruent 

Non-Alliterating 

 

Noun 

accomplished1 gracious2 angry3 feral4  artist 

adorable4 vicious1 accomplished2 rusty3  animal 

affirmative3 spitting4 artistic1 large2  answer 

angry2 feral3 ardent4 frothy1  ape 

ardent1 fervent2 adorable3 velvety4  ally 

artistic4 strong1 awful2 rigid3  acrobat 

awful3 horrible4 affirmative1 faded2  affliction 

bad2 revolting3 big4 favourite1  bacteria 

baked1 fresh2 bleak3 faithful4  bread 

beastly4 maternal1 boring2 treasured3  bear 

big3 rusty4 bitter1 perpetual2  boat 

bitter2 frothy3 busy4 wooden1  beer 

bleak1 wooden2 brutal3 fast4  building 

blue4 nice1 broken2 horrible3  balloon 

boring3 printed4 beastly1 crabby2  book 

breathtaking2 ardent3 brown4 lighthearted1  bravery 

bright1 pretty2 bad3 talented4  blouse 

broken4 cracked1 blue2 stormy3  bone 

brown3 favourite4 breathtaking1 gloomy2  biscuit 

brutal2 vile3 bright4 fabulous1  burglary 

busy1 tiny2 baked3 vivid4  bee 

caring4 tight1 curious2 plastic3  community 

clumsy3 mature4 confusing1 polite2  cow 

colourful2 lively3 crabby4 private1  cartoon 

comfy1 velvety2 caring3 hunted4  coat 

confusing4 awful1 creepy2 fantastic3  clutter 

crabby3 grumpy4 cruel1 strong2  commuter 

cracked2 red3 crazy4 reckless1  cup 

crazy1 busy2 crunchy3 wounded4  carnival 

creepy4 gloomy1 crisp2 healthy3  castle 
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crisp3 stormy4 colourful1 teenage2  cold 

cruel2 sarcastic3 cracked4 meaty1  comment 

crunchy1 spicy2 comfy3 tired4  cashews 

curious4 adorable1 clumsy2 packed3  cat 

dangerous3 smart4 devious1 sarcastic2  dog 

dark2 bitter3 dazzling4 wealthy1  depression 

dazzling1 sparkling2 dark3 bad4  diamond 

deafening4 noisy1 delightful2 soft3  disturbance 

deep3 national4 delicious1 nice2  disgrace 

delicious2 large3 dangerous4 angry1  dinner 

delightful1 private2 devastating3 greasy4  discussion 

devastating4 bad1 deep2 spellbinding3  disease 

devious3 nasty4 deafening1 noisy2  deception 

early2 vivid3 explicit4 lost1  ending 

explicit1 flimsy2 early3 snowy4  evidence 

fabulous4 winter1 family2 trampled3  fashion 

faded3 soft4 fervent1 public2  fabric 

faithful2 warmhearted3 flying4 wasted1  friend 

family1 marshy2 frightening3 devious4  farm 

fantastic4 sudden1 feral2 grouchy3  fortune 

fast3 great4 fragile1 personal2  football 

favourite2 sad3 friendly4 hot1  film 

feral1 hunted2 faithful3 crisp4  fox 

fervent4 virtuous1 frothy2 mechanical3  faith 

flimsy3 boring4 fresh1 maternal2  furniture 

flourishing2 breathtaking3 faded4 blue1  forest 

flying1 artistic2 fabulous3 deep4  flag 

fragile4 deep1 fun2 wild3  fracture 

fresh3 crunchy4 fast1 smart2  fruit 

friendly2 delightful3 flimsy4 boring1  face 

frightening1 devastating2 favourite3 colourful4  fire 

frothy4 smelly1 fantastic2 national3  foam 

fun3 lighthearted4 furnished1 haunted2  fact 

furnished2 huge3 flourishing4 grumpy1  flat 
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gleaming1 fabulous2 gloomy3 vile4  gold 

gloomy4 haunted1 great2 artistic3  garage 

gracious3 wealthy4 greasy1 volatile2  guardian 

greasy2 meaty3 gracious4 curious1  grill 

great1 vital2 grumpy3 spicy4  gain 

grouchy4 crabby1 gleaming2 winter3  grandfather 

growing3 trampled4 grouchy1 mature2  grass 

grumpy2 perfect3 growing4 broken1  girlfriend 

handsome1 grouchy2 hunted3 maroon4  husband 

happy4 snowy1 hostile2 rational3  holiday 

haunted3 furnished4 healthy1 explicit2  house 

healthy2 plump3 hot4 creepy1  hen 

horrible1 frightening2 happy3 romantic4  homicide 

hostile4 faithful1 horrible2 cracked3  horse 

hot3 mechanical4 huge1 dazzling2  heater 

huge2 wounded3 haunted4 flourishing1  hog 

hunted1 fast2 handsome3 frightening4  hare 

large4 romantic1 loaded2 confusing3  lunch 

lethargic3 slow4 large1 caring2  limp 

lighthearted2 teenage3 lost4 brutal1  laugh 

lively1 baked2 lighthearted3 cruel4  lamb 

loaded4 plastic1 lively2 great3  lorry 

lost3 packed4 lethargic1 handsome2  luggage 

maroon2 colourful3 meaty4 gracious1  mat 

marshy1 big2 maternal3 lively4  mountain 

maternal4 brown1 murky2 family3  mare 

mature3 handsome4 maroon1 raw2  man 

meaty2 greasy3 marshy4 flimsy1  mutton 

mechanical1 silent2 momentous3 accomplished4  motor 

momentous4 public1 mechanical2 printed3  marathon 

murky3 dark4 mature1 virtuous2  mist 

national2 explicit3 noisy4 friendly1  news 

nasty1 crazy2 nice3 pretty4  nightmare 

nice4 treasured1 nasty2 busy3  necklace 
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noisy3 clumsy4 national1 sudden2  neighbour 

packed2 volatile3 principled4 early1  prison 

perfect1 momentous2 perpetual3 lethargic4  present 

perpetual4 dangerous1 perfect2 gleaming3  pest 

personal3 rational4 packed1 happy2  problem 

plastic2 broken3 public4 red1  pistol 

plump1 comfy2 polite3 vicious4  pillows 

polite4 happy1 plump2 loaded3  personality 

pretty3 gleaming4 personal1 revolting2  pixie 

principled2 accomplished3 plastic4 silent1  politician 

printed1 lost2 private3 comfy4  pamphlet 

private4 fun1 printed2 fervent3  party 

public3 rapid4 pretty1 tight2  panic 

rapid2 tired3 red4 dark1  run 

rational1 confusing2 rapid3 fun4  rule 

raw4 crisp1 rational2 sparkling3  radish 

reckless3 angry4 rigid1 crunchy2  rebellion 

red2 flourishing3 revolting4 murky1  rose 

revolting1 beastly2 raw3 breathtaking4  rodents 

rigid4 perpetual1 romantic2 deafening3  routine 

romantic3 family4 rusty1 smelly2  restaurant 

rusty2 blue3 reckless4 growing1  railing 

sad1 deafening2 smelly3 plump4  song 

sarcastic4 polite1 snowy2 marshy3  secretary 

silent3 bleak4 spicy1 adorable2  sob 

slow2 fragile3 sudden4 devastating1  snail 

smart1 rigid2 spitting3 huge4  scholar 

smelly4 faded1 sad2 crazy3  socks 

snowy3 murky4 sarcastic1 warmhearted2  summit 

soft2 maroon3 silent4 rapid1  soil 

sparkling1 bright2 strong3 awful4  star 

spellbinding4 principled1 stormy2 furnished3  story 

spicy3 delicious4 slow1 bleak2  soup 

spitting2 creepy3 sparkling4 momentous1  snake 
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stormy1 wild2 smart3 fresh4  sea 

strong4 raw1 spellbinding2 principled3  spirits 

sudden3 brutal4 soft1 brown2  scream 

talented2 cruel3 tiny4 spitting1  tycoon 

teenage1 reckless2 tight3 baked4  taunt 

tight4 loaded1 treasured2 bright3  timetable 

tiny3 wasted4 tired1 affirmative2  torch 

tired2 curious3 teenage4 vital1  toddler 

trampled1 growing2 talented3 bitter4  tulip 

treasured4 spellbinding1 trampled2 nasty3  tiara 

velvety3 affirmative4 vivid1 flying2  voice 

vicious2 flying3 vital4 clumsy1  vulture 

vile1 devious2 virtuous3 delightful4  villain 

virtuous4 caring1 vile2 beastly3  vet 

vital3 healthy4 velvety1 ardent2  vitamin 

vivid2 dazzling3 volatile4 hostile1  view 

volatile1 hot2 vicious3 sad4  volcano 

warmhearted4 talented1 winter2 delicious3  wizard 

wasted3 early4 warmhearted1 fragile2  wages 

wealthy2 friendly3 wild4 big1  widow 

wild1 lethargic2 wealthy3 perfect4  wolf 

winter4 fantastic1 wasted2 slow3  weather 

wooden3 personal4 wounded1 dangerous2  wardrobe 

wounded2 hostile3 wooden4 tiny1  warrior 
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Appendix C 

Example Stimuli with Number of Lit Pixels Standardized  
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Appendix D 

The Author Recognition Test  

(ART; Acheson, Wells, & MacDonald, 2008) 
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Below is a list of names.  Some of them are authors of books, and some of them are not.  Please put a 

check mark next to the ones that you know for sure are authors.  There is a penalty for guessing, so 

you should check only those names about which you are absolutely certain.  Thank you. 

  

___Patrick Banville ___Harry Coltheart ___Virginia Woolf ___Tony Hillerman 

___Kristen Steinke ___Gary Curwen ___John Landau ___Amy R. Baskin 

___Ernest Hemingway ___Herman Wouk ___Toni Morrison ___James Clavell 

___Clive Cussler ___Geoffrey Pritchett ___Harriet Troudeau ___Salman Rushdie 

___Hiroyuki Oshita ___Ray Bradbury ___Roswell Strong ___Maryann Phillips 

___Kurt Vonnegut ___Jay Peter Holmes ___J.R.R. Tolkien ___Scott Alexander 

___Anne McCaffrey ___Christina Johnson ___Margaret Atwood ___Ayn Rand 

___Elinor Harring ___Jean M. Auel ___Seamus Huneven ___Alex D. Miles 

___Sue Grafton ___Judith Stanley ___Harper Lee ___Margaret Mitchell 

___Lisa Woodward ___Gloria McCumber ___Chris Schwartz ___Leslie Kraus 

___David Harper Townsend ___James Joyce ___Walter LeMour ___Ralph Ellison 

___Anna Tsing ___Robert Ludlum ___Alice Walker ___Sidney Sheldon 

___T.C. Boyle ___Larry Applegate ___Elizabeth Engle ___ Brian Herbert 

___Jonathan Kellerman ___Keith Cartwright ___T.S. Elliot ___Sue Hammond 

___Cameron McGrath ___Jackie Collins ___Marvin Benoit ___Jared Gibbons 

___F. Scott Fitzgerald ___Umberto Eco ___Joyce Carol Oates ___Michael Ondaatje 

___A.C. Kelly ___David Ashley ___Jessica Ann Lewis ___Thomas Wolfe 

___Peter Flaegerty ___Jack London ___Nelson Demille ___Jeremy Weissman 

___Kazuo Ishiguro ___Seth Bakis ___Arturo Garcia Perez ___Willa Cather 

___Jane Smiley ___Padraig O’seaghdha ___S.L. Holloway ___J.D. Salinger 

___James Patterson ___E.B. White ___John Irving ___ Antonia Cialdini 

___Martha Farah ___Giles Mallon ___Stephen Houston ___ Lisa Hong Chan 

___Craig DeLord ___Raymond Chandler ___Marcus Lecherou ___Samuel Beckett 

___Nora Ephron ___Isabel Allende ___Valerie Cooper ___Beatrice Dobkin 

___Ann Beattie ___Amy Graham ___Tom Clancy ___Wally Lamb 

___Stewart Simon ___Marion Coles Snow ___Vladimir Nabokov ___Katherine Kreutz 

___Danielle Steel ___George Orwell ___Pamela Lovejoy ___James Michener 

___Dick Francis ___Maya Angelou ___Vikram Roy ___William Faulkner 

___Ted Mantel ___Bernard Malamud ___Saul Bellow ___Isaac Asimov 

___I.K. Nachbar ___John Grisham ___Stephen King ___Lindsay Carter 

___Judith Krantz ___Erich Fagles ___Elizabeth May Kenyon ___Paul Theroux 

___Thomas Pynchon ___Walter Dorris ___Frederick Mundow ___Francine Preston 

___Wayne Fillback ___Gabriel Garcia Marquez   
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Appendix E 

Self-Report Reading Measure 

 (adapted from Acheson, Wells, & MacDonald, 2008) 
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Section I: Reading Time Estimates 

Please tick the appropriate box to indicate how many hours you spend per week reading each 

type of material listed below: 

 0 1 2 3 4 5 6 7+ 

Textbooks 

 

        

Academic 

materials other 

than textbooks 

 

        

Magazines 

 

        

Newspapers 

 

        

E-mail 

 

        

Internet media (all 

subjects not 

including e-mail) 

 

        

Fiction books 

 

        

Nonfiction/special 

interest books 

 

        

Other reading 

material (Please 

name if 

applicable): 
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Section II: Writing Time Estimates 

Please tick the appropriate box to indicate how many hours you spend writing each type of 

material listed below in a typical week: 

 0 1 2 3 4 5 6 7+ 

All forms 

of writing 

assignments 

required for 

classes 

 

        

Newspaper 

articles or 

Internet 

media not 

required for 

class (not 

including e-

mail) 

 

        

Personal 

material 

(e.g., 

diaries, 

journals, 

letters) 

 

        

E-mail 

 

        

Creative 

writing not 

required for 

classes 

(e.g., 

fiction, 

poetry, 

plays) 

 

        

Job-related 

material not 

including e-

mail (e.g., 

memos, 

reports, 

transcripts, 

etc.) 
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Other 

writing 

material 

(Please 

name if 

applicable): 

 

 

 

 

 

 

        

 

Section III: Comparative Reading Habits 

Compared to other university students, how much time do you spend reading all types of 

materials? Please circle the number which corresponds with your answer with 1 indicating 

comparatively less time and 7 indicating comparatively more time. 

1 2 3 4 5 6 7 

Compared to the reading material of other university students, how complex do you think 

your reading material is? Please circle the number which corresponds with your answer with 

1 indicating comparatively less complex and 7 indicating comparatively more complex. 

1 2 3 4 5 6 7 

Compared to other university students, how much do you enjoy reading? Please circle the 

number which corresponds with your answer with 1 indicating comparatively less and 7 

indicating comparatively more. 

1 2 3 4 5 6 7 

Compared to other university students, how fast do you normally read? Please circle the 

number which corresponds with your answer with 1 indicating comparatively slower and 7 

indicating comparatively faster. 

1 2 3 4 5 6 7 

Compared to other university students, when reading at your normal pace, how well do you 

understand the reading material? Please circle the number which corresponds with your 

answer with 1 indicating comparatively less and 7 indicating comparatively more. 

1 2 3 4 5 6 7 

 

  



219 

 

Appendix F 

Scores on Cognitive and Literacy Tests for All 

Experiments 
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Scores on cognitive and literacy tests. Note: a Time in seconds; b Number of errors; c Number 

of authors (max 30); d Time in hours; e WASI subtest scaled score. 
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Appendix G 

Full Results from All Behavioural or ERP Statistical 

Analyses 
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Behavioural accuracy from Experiment 1. 

 

 

 

 

 

 

 

 

N400 results from Experiment 1. 

 df F η2 p 

     

Congruency (1, 19) 23.194 .55 < .001 

Alliteration (1, 19) 9.116 .324 .007 

Congruency*Alliteration (1, 19) 5.077 .211 .036 

     

 

Behavioural accuracy from Experiment 2. 

 β SEM z p 

     

Group 0.87 0.33 2.62 < .01 

Congruency -0.99 0.37 -2.72 < .01 

Alliteration -0.47 0.18 -2.52 < .05 

Group*Congruency 0.23 0.67 0.35 0.73 

Group*Alliteration -0.06 0.25 -0.25 0.80 

Congruency*Alliteration 0.98 0.33 2.98 < .01 

Group*Congruency*Alliteration 0.71 0.36 1.96 0.05 

     

 

 

 

 

 

 β SEM z p 

     

Congruency 1.54 0.19 7.97 < .001 

Alliteration 0.55 0.15 3.62 < .001 

Congruency*Alliteration 1.48 0.15 9.32 < .001 
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N400 results from Experiment 2. 

 df F η2 p 

     

Group (1, 36) 3.496 .070 0.09 

Congruency (1, 36) 15.483 .301 < .001 

Alliteration (1, 36) 3.039 .078 0.09 

Group*Congruency (1, 36) 3.005 .077 0.09 

Group*Alliteration (1, 36) 0.135 .004 0.72 

Congruency*Alliteration (1, 36) 0.204 .006 0.65 

Group*Congruency*Alliteration (1, 36) 0.291 .008 0.59 

     

 

N400 results from Experiment 2 post-hoc analyses. 

 df F η2 p 

     

VerbalIQ (1, 37) 6.280 .145 0.17 

Congruency (1, 37) 44.886 .548 < .001 

Alliteration (1, 37) 10.673 .224 < .001 

VerbalIQ *Congruency (1, 37) 2.978 .074 0.09 

VerbalIQ *Alliteration (1, 37) 2.355 .060 0.13 

Congruency*Alliteration (1, 37) 3.640 .090 0.06 

VerbalIQ *Congruency*Alliteration (1, 37) 0.321 .009 0.58 

     

 

Behavioural accuracy from Experiment 3. 

 β SEM z p 

     

Congruency 1.61 0.40 3.99 < .001 

Alliteration -0.27 0.19 -1.48 0.14 

Congruency*Alliteration -1.22 0.39 -3.08 < .01 
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Behavioural accuracy from Experiment 4 Session 1. 

 β SEM z p 

     

Congruency 0.91 0.40 2.27 < .05 

Alliteration -0.00 0.16 -0.03 0.97 

Congruency*Alliteration 1.04 0.33 3.11 < .01 

     

 

Reaction times from Experiment 4 Session 1. 

 β SEM t 

    

Congruency 0.01 0.03 0.32 

Alliteration 0.01 0.02 0.68 

Congruency*Alliteration -0.04 -0.04 -0.83 

    

 

N400 results from Experiment 4 Session 1. 

 df F η2 p 

     

Congruency (1, 23) 28.950 .557 < .001 

Alliteration (1, 23) 25.955 .530 < .001 

Congruency*Alliteration (1, 23) .993 .041 0.33 
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Behavioural accuracy from Experiment 4 Session 2 

  df F η2 p 

      

 Congruency (1, 23) 84.572 .786 < .001 

Hits Alliteration (1, 23) 12.387 .350 0.02 

 Congruency*Alliteration (1, 23) .388 .017 0.54 

      

      

 Congruency (1, 23) 68.394 .748 < .001 

False Alarms Alliteration (1, 23) 26.196 .532 < .001 

 Congruency*Alliteration (1, 23) .000 .000 1.00 

      

      

 Congruency (1, 23) 4.716 .170 0.04 

Discriminability (d’) Alliteration (1, 23) 3.456 .131 0.08 

 Congruency*Alliteration (1, 23) 2.389 .094 0.14 

      

      

 Congruency (1, 23) 89.150 .795 < .001 

Decision Criterion  Alliteration (1, 23) 33.139 .590 < .001 

(C) Congruency*Alliteration (1, 23) .089 .004 0.77 
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Reaction times from Experiment 4 Session 2. 

 β SEM t 

    

Novelty 0.12 0.05 2.63* 

Congruency 0.08 0.03 3.00* 

Alliteration 0.04 0.03 1.24 

Novelty*Congruency -0.19 0.06 -3.07* 

Novelty*Alliteration -0.05 0.05 -1.06 

Congruency*Alliteration 0.04 0.06 0.07 

Novelty* Congruency*Alliteration 0.05 0.11 0.43 

    

 

FN400 results from Experiment 4 Session 2. 

 df F η2 p 

     

Novelty (1, 23) 12.598 .354 0.002 

Congruency (1, 23) 1.386 .057 0.25 

Alliteration (1, 23) 38.805 .628 < .001 

Novelty*Congruency (1, 23) 3.088 .118 0.09 

Novelty*Alliteration (1, 23) .191 .008 0.67 

Congruency*Alliteration (1, 23) .600 .025 0.45 

Novelty* Congruency*Alliteration (1, 23) .025 .001 0.88 
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FN400 (only correct trials) results from Experiment 4 Session 2. 

 df F η2 p 

     

Novelty (1, 23) 14.033 .379 < .001 

Congruency (1, 23) .000 .000 0.99 

Alliteration (1, 23) 26.495 .535 < .001 

Novelty*Congruency (1, 23) .063 .003 0.80 

Novelty*Alliteration (1, 23) .098 .004 0.76 

Congruency*Alliteration (1, 23) .723 .030 0.40 

Novelty* Congruency*Alliteration (1, 23) .176 .008 0.68 

     

 

Left parietal analysis results from Experiment 4 Session 2. 

 df F η2 p 

     

Novelty (1, 23) .168 .007 0.69 

Congruency (1, 23) 3.756 .140 0.65 

Alliteration (1, 23) .047 .002 0.83 

Novelty*Congruency (1, 23) .166 .007 0.69 

Novelty*Alliteration (1, 23) .908 .038 0.35 

Congruency*Alliteration (1, 23) 2.793 .108 0.11 

Novelty* Congruency*Alliteration (1, 23) 10.762 .319 0.003 

     

 

Left parietal analysis (Old items only) results from Experiment 4 Session 2. 

 df F η2 p 

     

Congruency (1, 23) 2.433 .096 0.13 

Alliteration (1, 23) .549 .023 0.47 

Congruency*Alliteration (1, 23) .554 .024 0.46 
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Left parietal analysis (New items only) results from Experiment 4 Session 2. 

 df F η2 p 

     

Congruency (1, 23) 2.251 .089 0.15 

Alliteration (1, 23) .576 .024 0.46 

Congruency*Alliteration (1, 23) 8.550 .271 0.008 

     

 

 

Left parietal analysis (correct items only) results from Experiment 4 Session 2. 

 df F η2 p 

     

Novelty (1, 23) 1.637 .066 0.21 

Congruency (1, 23) 3.581 .135 0.71 

Alliteration (1, 23) .212 .009 0.65 

Novelty*Congruency (1, 23) .075 .003 0.79 

Novelty*Alliteration (1, 23) .049 .002 0.83 

Congruency*Alliteration (1, 23) 2.464 .097 0.13 

Novelty* Congruency*Alliteration (1, 23) 2.546 .100 0.12 

     

 

 

 


