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Abstract 

Over the past two decades, multiple lines of psycholinguistic investigation have provided 

evidence for an important role of learning mechanisms in support of various aspects of 

language comprehension. At the same time, there has been a proliferation of psycholinguistic 

research that has applied specific theories from the wider memory literature to the study of 

human language processing and comprehension. Following in this line of research, the 

overarching aim of this thesis was to investigate the contribution of episodic memory to 

language comprehension and linguistic flexibility using a combination of behavioural and 

neuroscientific methods. Firstly, across four behavioural experiments, I investigated the effect 

of predictability on the updating of stored word meanings and incidental memory for 

language input. The findings from these behavioural experiments revealed no effects of 

predictability, which may place some constraints on the reach of episodic memory effects in 

language processing. Secondly, I report an electroencephalography (EEG) study which aimed 

to elucidate the oscillatory mechanisms supporting the processing of lexically ambiguous 

words and their link to subsequent recognition memory. The behavioural and oscillatory 

findings are consistent with a view in which episodic memory contributes to the processing of 

lexically ambiguous and semantically incongruent words, although the results might also be 

explained by alternative accounts. Finally, I present data from a magnetoencephalography 

(MEG) study investigating the neural underpinnings of flexible language comprehension. The 

central aim was to determine the neural correlates of lexical-semantic updating, with a 

particular focus on theta oscillations, which have repeatedly been linked to episodic memory. 

The MEG study provided the strongest evidence for the involvement of episodic memory in 

flexible language comprehension, with both the behavioural and neurocognitive analyses 

revealing results that point to an important role for episodic memory processes. While future 

investigations are required to further characterise the reach of episodic memory and the 

potential involvement of other learning mechanisms, overall, the findings presented in this 

thesis provide novel evidence for the involvement of episodic memory processes in language 

comprehension and linguistic flexibility. 
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1.1 Overview 

While in most circumstances understanding spoken or written language might seem 

effortless, in reality accurate comprehension relies on many sophisticated processes occurring 

on astoundingly fast time scales. One challenge in language comprehension concerns swiftly 

accessing the correct interpretation of a word with multiple meanings (e.g., ‘bark’) and 

refining one’s expectations about what meaning one is likely to encounter in the future based 

on previous experience. The fact that language users do not routinely struggle to resolve these 

ambiguities, or more generally to correctly interpret sentences containing words that are used 

differently depending on the context, shows that the human language system is highly 

flexible. 

Recent research has started to characterise the adaptive learning mechanisms 

supporting this flexibility that enables language users to deal with interpretational difficulties 

such as lexical-semantic ambiguity. Remarkably, one of the main findings is that listeners 

tend to flexibly update their internal representation of a word’s meaning after having 

encountered it in a specific context so as to give more weight to the meaning that was just 

comprehended. Previous research suggests that the episodic memory system (supported by 

the media temporal lobes) might play an important role in this ‘fine-tuning’ of word meanings 

by encoding episodic representations of the linguistic input, which can then be used to update 

stored language knowledge. By this process, which might be supported by sleep-associated 

consolidation of the encoded memory trace, a recently encountered meaning of an ambiguous 

word becomes more easily accessible as the connection between the acoustic representation 

and the comprehended meaning has been strengthened. This process might help to ensure that 

the stored representations accurately reflect the statistics of the linguistic environment and 

may allow listeners to optimise future interpretations. 

         In this introductory chapter (Chapter 1), I will first introduce the behavioural research 

documenting the language system’s flexibility with regard to word meanings and characterise 

the processes that are hypothesised to support this. As the leading explanation to account for 

these findings argues for an important role of episodic memory in supporting this lexical-

semantic updating, I will then give a brief outline of a class of models of episodic memory 

that are relevant to the question of what cognitive and neural processes underpin the fine-

tuning of word meanings, before moving on to summarising the emerging literature 

implicating the episodic memory system in language comprehension. As part of this, I will 
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discuss some of the relevant research investigating the neural underpinnings of episodic 

memory encoding and lexical-semantic processing, and describe how drawing on both of 

these historically separate literatures may help to further elucidate the workings of the human 

language system. I will end by outlining the contents of the empirical chapters of this thesis. 

 

1.2 Word-Meaning Priming and Linguistic Flexibility 

Language is full of ambiguity at several linguistic levels, including sound, structure, and 

meaning. One type of ambiguity that is ubiquitous in the English language is to do with the 

meaning of individual words, whereby a single word form (e.g., ‘bark’) can refer to several 

distinct concepts (e.g., the sound that a dog makes vs. the outer covering of a tree) depending 

on the context it is used in. Words that are ambiguous in their meaning are commonly 

referred to as displaying ‘lexical ambiguity’ (Rodd, 2018). Many English words are lexically 

ambiguous in that they have more than one dictionary entry, and over 80% of common words 

have multiple senses (the term ‘sense’ is used to refer to a more systematic ambiguity, e.g., 

‘run’ can be used to mean several distinct but related things in different contexts; Rodd, 

Gaskell, & Marslen-Wilson, 2002). However, when we process language during conversation 

and when reading texts, we do not routinely struggle to disambiguate the words we 

encounter, and most of the time we do not even notice most (or any) of the alternative 

possible meanings for any given word but are only aware of the intended, contextually 

appropriate meaning. 

         The question arises as to how we manage to swiftly access the correct meaning of the 

ambiguous words we encounter. Behavioural results to address this issue have originally 

come from studies using cross-modal semantic priming tasks (e.g., Swinney, 1979). In these 

experiments, participants are exposed to spoken sentences containing an ambiguous word in 

context (e.g., “The man was not surprised when he found several spiders, roaches, and other 

bugs.”). They are then presented with a written probe word that is semantically related to 

either the contextually appropriate (here: “ant”) or contextually inappropriate (here: “spy”) 

meaning of the ambiguous word and are asked to decide whether the probe is indeed a real 

word. This so-called lexical decision task serves as a measure of whether a given meaning 

was recently accessed, with faster responses to a lexical decision probe (compared to a 

control word) indexing residual activation of the meaning of that word (Meyer & 

Schvanefeldt, 1971). Results from the cross-modal priming paradigm show that if the lexical 
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decision task is administered shortly after participants have been exposed to the ambiguous 

words in sentence context, then lexical decision responses are faster to both the contextually 

appropriate (i.e., “ant”) as well as the contextually inappropriate (i.e., “spy”) meaning, 

suggesting that both meanings were activated during initial sentence processing (Onifer & 

Swinney, 1981; Swinney, Onifer, Prather, & Hirshkowitz, 1979). However, if the sentence 

exposure and lexical decision task are separated by an intervening time period of as little as 

three syllables, then the lexical decision speed-up is observed only for words that match the 

contextually appropriate meaning (i.e., “ant”), indicating that the meaning of the ambiguous 

word that fits with the sentence context is selected rapidly and the contextually inappropriate 

meaning ceases to be activated shortly after the word was first processed (Swinney, 1979). 

Interestingly, subsequent studies have shown that if the preceding context provides a very 

strong clue as to which meaning of an ambiguous word is contextually appropriate, and if this 

is also the dominant (i.e., more frequent) meaning, then the lexical decision advantage to 

semantically related but contextually inappropriate probe words disappears, suggesting that 

only the contextually appropriate meaning was activated during the processing of strongly 

constraining sentences (Tabossi, 1988; Tabossi & Zardon, 1993; Armstrong, Tokowicz, & 

Plaut, 2012).  

While some disagreements remain regarding how words with multiple meanings are 

disambiguated in context, the psycholinguistic literature appears to have converged on the 

following view (see Rodd, 2018, for a more detailed account): Whenever listeners or readers 

are exposed to an ambiguous word, all the word’s possible meanings (that the listener or 

reader is aware of) become activated in parallel in a rapid and automatic process before a 

single meaning is selected (e.g., Duffy, Morris, & Rayner, 1988; Rodd, Johnsrude, & Davis, 

2010, 2012; Twilley & Dixon, 2000). This latter selection process occurs on the order of a 

few hundred milliseconds after the word was first processed, and language users are largely 

unaware that they are automatically and transiently retrieving multiple different meanings 

whenever they process ambiguous words. However, even though multiple meanings tend to 

be activated in parallel, both the preceding sentence context as well as the meaning’s relative 

frequency affect the level of activation, with very frequent or strongly contextually supported 

meanings being more easily activated (e.g., Duffy et al., 1988; MacDonald, Pearlmutter, & 

Seidenberg, 1994; Twilley, Dixon, Taylor, & Clark, 1994; Armstrong et al., 2012). 

Interestingly, recent research has called attention to another factor that influences 

which meaning a listener or reader is likely to comprehend. It has been demonstrated that 
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recent experience with an ambiguous word biases people to retrieve the most recently 

selected meaning for several minutes up to a few hours after exposure to a given ambiguous 

word. This effect is referred to as ‘word-meaning priming’ and demonstrates the language 

system’s flexibility with regard to stored word meanings (Rodd, Lopez Cutrin, Kirsch, Millar, 

& Davis, 2013; Rodd, Cai, Betts, Hanby, Hutchinson, & Adler, 2016). In experiments using 

the word-meaning priming paradigm, participants are exposed to sentences containing a 

lexically ambiguous word in a context that biases interpretation towards the subordinate 

meaning (e.g., “Her neighbour’s willow must have been the source of the bark.” – 

interpretation: outer covering of a tree). After having read or listened to a number of these 

sentences, participants are asked to generate semantic associations in response to isolated 

ambiguous words (e.g., ‘bark’). The usual finding is that the proportion of context-consistent 

answers (e.g., ‘tree’) increases for words that were previously encountered with their 

subordinate meaning compared to unprimed ambiguous words. This finding has also been 

replicated in more naturalistic settings outside the laboratory, for instance in a study where 

the ambiguous target words were presented as part of a radio programme (Rodd et al., 2016). 

These results suggest that language users update their stored word meanings whenever they 

process an ambiguous word in a sentential context, perhaps to ensure that the relative 

weighting of each meaning accurately reflects the statistics of the linguistic environment. 

This points to a very flexible language system that is continuously updated to optimally deal 

with incoming language input. It is this ‘fine-tuning’ of stored linguistic knowledge that I will 

refer to as linguistic flexibility or optimisation in this thesis, and I will characterise the 

cognitive and neural processes that might underpin this flexibility in the following sections. 

Previous investigations into this word-meaning priming effect have shown that it 

appears to operate at a level that is at least relatively abstract. For one, the effect does not 

seem to be speaker-specific, in that it is found even when participants encounter a different 

speaker in the exposure and testing phase (Rodd et al., 2013). Results also show that it 

transfers across modalities, meaning that exposure to written sentences and a spoken cue 

word elicits priming (and vice versa; Gilbert, Davis, Gaskell, & Rodd, 2018). These two 

findings show that the effect does not seem to require any acoustic or orthographic overlap 

between exposure and test, but instead suggest that the updating of word meanings is based 

on the processing of discourse-level content (i.e., what appears to be relevant is that listeners 

or readers comprehend the target word in a sentence at the level of the overall context with 

the intended, primed meaning). 
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Most relevant for the present thesis is the time course of the word-meaning priming 

effect. An early study showed that the effect is more long-lasting than the facilitation that is 

observed after semantic priming (Meyer & Schvaneveldt, 1971), which generally disappears 

after a few hundred milliseconds unless deeper processing of the stimuli is required (Neely, 

1977), whereas evidence for word-meaning priming was found after about 20 mins on 

average (Rodd et al., 2013). As described above, while research using the word-meaning 

paradigm suggests that some rather flexible updating is taking place after a single encounter 

with an ambiguous word in a sentence context, it is unclear whether this fine-tuning results in 

any long-term changes to stored lexical representations. To shed light on the time course of 

the effect, Rodd and colleagues (2016) compared the effect of different delay intervals 

between exposure and test (consisting of 1 min, 20 min, and 40 min delays) on the word-

meaning priming effect. They found evidence for word-meaning priming at all delay 

intervals, but the effect was strongest when the delay was only 1 min, which was taken to 

suggest that word-meaning priming is relatively short-lived and consists of only very 

temporary alterations to the semantic network. Follow-up experiments mapped out the exact 

time course of the effect and showed a gradual decay over the course of a day. Beyond that 

point, the priming effects were too small to be statistically significant (Rodd et al., 2016). 

In light of the above results, Rodd et al. (2016) suggested that these priming effects 

are best explained within a connectionist framework where word forms and ambiguous word 

meanings are represented in a distributed lexical network (e.g., Rodd, Gaskell, & Marslen-

Wilson, 2004). These connectionist networks are assumed to illustrate the lexical-semantic 

representations and to model the changes that occur in the neocortical language network (and 

have been used to explain neocortical learning more generally; see e.g., Elman, 2005). The 

main idea is that recent experience with an ambiguous word will lead to a direct alteration of 

the connection weights that map between form and meaning units, strengthening the 

connection between a word form and the comprehended meaning, which will facilitate the 

activation of the primed meaning compared to the unprimed one (Rodd et al., 2016). While 

this model is able to explain why participants are more likely to retrieve a primed meaning 

that they have recently comprehended, it is somewhat unclear how it might be able to explain 

the observed decay function whereby priming becomes weaker during the course of the day, 

flattening off rather strongly after the first few minutes and then decaying more gradually. 

One possible answer involves ascribing the observed decay to further updating of the 

connections between other units due to exposure to unrelated language input after the priming 
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event, which might affect the previously strengthened (primed) connection weights. 

However, it is more difficult to explain why decay is stronger at the start and then weakens as 

time goes by (until priming effects become undetectable), leading Rodd et al. (2016) to 

suggest that the word-meaning priming effect might reasonably be underpinned by two 

different systems. 

In that vein, one possible way to account for this pattern of decay would be to 

hypothesise that the lexical-semantic re-tuning observed in the above study is the result not of 

direct neocortical changes as would be assumed under a distributed connectionist framework, 

but of a hippocampal learning system that encodes the association between the primed word 

and the context in which it was comprehended. This process would result in the creation of a 

temporary memory trace that binds together all the words in a given exposure sentence, 

which participants could then rely on to guide their responses during the test phase. This 

would result in a bias towards the meaning in which a prime word was previously interpreted 

(Gaskell, Cairney, & Rodd, 2019). While the hippocampus is known to rapidly encode novel 

associations (as would be required to observe learning effects in a word-meaning priming 

experiment), these newly formed memory traces have been shown to decay rapidly (Hardt, 

Nader, & Nadel, 2013). Therefore, the hippocampus might underpin both the priming effects 

as well as the observed decay over the course of a day that was found by Rodd et al. (2016).  

There are thus two competing explanations regarding the neurocognitive 

underpinnings of the lexical-semantic updating observed in word-meaning priming 

experiments. On the one hand, the effect could be caused by direct changes within the 

existing lexical neocortical network that serve to strengthen the connections between the 

word form and its comprehended, contextually appropriate meaning (e.g., Gilbert et al., 

2018). On the other hand, the observed lexical-semantic retuning could be driven by the 

episodic memory system (underpinned by the hippocampus and medial temporal lobes more 

generally), which binds the ambiguous word to the context it in which it was encountered. 

This would create a memory trace that may bias participants’ responses at test when they are 

prompted to provide associates for a recently encountered ambiguous word (Gaskell et al., 

2019). One prediction which differentiates these two accounts concerns the influence of a 

longer consolidation period that includes a sleep interval. If word-meaning priming is indeed 

supported by the episodic memory system, then one would expect sleep-associated memory 

consolidation processes (involving the replay of memory traces that were acquired during 
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wake; Rasch & Born, 2013) to help stabilise the recently acquired memory that consists of 

the ambiguous word and the context in which it was encountered. Moreover, one might 

predict subtle adjustments to the stored lexical-semantic representations caused by a 

hypothesised reactivation of the word form and comprehended meaning during sleep, which 

may further strengthen the connection between these two units. In contrast, the immediate 

alteration account outlined above would not predict any role for sleep-associated 

consolidation processes considering that all the updating has already taken place immediately 

after the ambiguous word was encountered in context. 

To address this issue, Gaskell and colleagues (2019) looked at whether the word-

meaning priming effect is better preserved over a period of time involving sleep (potentially 

enabling hippocampal memory consolidation) vs. wake. The results indicated that the 

contextual priming of word meanings is maintained over a consolidation period involving 

sleep. While these behavioural experiments did not set out to specify the neural substrates 

underpinning the observed effect, following the reasoning laid out above, the results hint at 

the possibility that the hippocampus may have been involved, as one would not expect there 

to be consolidation effects if lexical-semantic updating were supported by immediate 

alterations of neocortical connections. Instead, on the basis of their findings, Gaskell et al. 

(2019) proposed that the same hippocampal system supporting successful encoding in 

declarative memory tasks (e.g., paired-associate learning) and underpinning episodic memory 

more generally might also support the updating of word meanings by binding the ambiguous 

word form to the context in which it is comprehended. Episodic memory is defined as a type 

of declarative memory that includes information about the specific context in which it was 

encoded (Tulving, 2002). In the case of word-meaning priming, these contextually rich 

episodic memory traces that are assumed to be acquired when participants process the 

exposure sentences can be drawn upon during a subsequent test. Such an account would 

explain the immediate word-meaning priming effect in that the recently acquired episodic 

memory biases participants to provide an associate response that is related to the word 

meaning they have comprehended in earlier sentences (Gaskell et al., 2019). Crucially, during 

consolidation, this representation can be integrated into existing lexical knowledge structures 

to optimise future comprehension. The account introduced by Gaskell et al. (2019) was 

termed the episodic context account (see also Curtis, Mak, Chen, Rodd, & Gaskell, 2022), 

seeing as the results suggest a crucial role for episodic memory in supporting the updating of 

word meanings.  
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Interestingly, the word-meaning priming effect has recently been extended to non-

homonyms (i.e., to words that are not ambiguous in the sense described above, and that have 

only one dictionary entry), where the updating that seems to take place involves a 

reweighting of a certain, contextually appropriate aspect of the word’s meaning (e.g., either 

the ‘cleanliness’ or ‘relaxation’ aspect relating to the word bathtub; Curtis et al., 2022). This 

suggests that the lexical-semantic updating observed within the word-meaning priming 

paradigm might be a very general learning mechanism that operates whenever words are 

comprehended in context, which would point to an important role for episodic memory in 

language comprehension (Curtis et al., 2022; Mak, Curtis, Rodd, & Gaskell, 2024). 

 

1.3 Predictability and Episodic Memory 

The research discussed above has thus accumulated some evidence for an important 

contribution of episodic memory processes to the type of lexical-semantic updating observed 

in word-meaning priming studies. Building on the assumption that the word-meaning priming 

effect may be supported by episodic memory, perhaps a promising way to further test this 

hypothesis is to look to results from other episodic memory paradigms and draw on 

neurocognitive models of episodic memory. The main goal would be to assess whether 

factors known to influence episodic memory in other paradigms might also influence word-

meaning priming. An investigation along the above lines might provide indirect evidence that 

episodic memory underpins not only the encoding of novel stimuli or associations, but that it 

also supports the updating of stored word meanings by encoding a memory trace of the 

comprehended meaning that is bound to the context it was experienced in (as predicted by the 

episodic context account described above; Gaskell et al., 2019). 

Numerous studies have provided evidence for a seemingly inconsistent finding, 

namely better memory for both information that fits a pre-established schema and is highly 

expected (e.g., Craik & Tulving, 1975) as well as information that is incongruent with prior 

knowledge and is highly unexpected (e.g., von Restorff, 1933). One influential 

neurocognitive model of episodic memory that aims to explain these results is the so-called 

SLIMM model (first introduced by van Kesteren, Ruiter, Fernandez, & Henson, 2012). 

SLIMM stands for schema-linked interactions between medial prefrontal cortex (mPFC) and 

medial temporal lobes (MTL), with the hippocampi included in the latter (see also Henson & 
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Gagnepain, 2010, for a related model; and Quent, Henson, & Greve, 2021, for a recent 

review of the findings supporting these models).  

         On a neurocognitive level, the SLIMM model proposes that the mPFC and the 

MTL/hippocampus play distinct but complementary roles in encoding episodic memories, 

with their relative involvement dependent on how expected the event or item to be encoded is 

(or, in the original formulation, whether it fits with a pre-existing schema, i.e., a structure of 

prior knowledge that has been built up with experience; van Kesteren et al., 2012). Stimuli 

that are (highly) expected are proposed to benefit from very rapid encoding and direct 

consolidation into neocortex, which is supported by the mPFC. Conversely, stimuli that are 

highly unexpected are assumed to be reliant on the hippocampus/MTL, which is assumed to 

encode a ‘snapshot’ of the entire context that can later be consolidated via hippocampal 

memory consolidation (Quent, Greve, & Henson, 2022). This prediction has been at least 

partially confirmed in previous studies using functional magnetic resonance imaging (fMRI; 

van Kesteren, Fernandez, Norris, & Hermans, 2010; Henson & Gagnepain, 2010). 

            Summarising the above, the SLIMM model accounts for the fact that both highly 

expected as well as highly unexpected stimuli have a memory advantage by proposing that 

different brain systems underpin these two ends of the expectedness scale. While it is likely 

that both memory systems are involved in the encoding of information across a range of 

possible expectancy levels, with the support provided by the mPFC and hippocampus for the 

encoding of expected vs. unexpected information being a matter of degree, the U-shaped 

function of memory against the expectancy of the stimuli to be encoded has been relatively 

well replicated (e.g., Greve, Cooper, Kaula, Anderson, & Henson, 2017; Greve, Cooper, 

Tibon, & Henson, 2019; Quent et al., 2022). To introduce one example, Quent and colleagues 

(2022) used an immersive virtual reality (VR) paradigm to assess how the expectedness of a 

stimulus influences episodic memory for that stimulus. Participants were instructed to 

virtually move around in a VR-kitchen, where they were presented with 20 familiar objects. 

These objects were placed in either a highly expected, a neutral, or a highly unexpected 

location (e.g., for a kettle, an expected location would be the kitchen counter, a neutral 

location would be the kitchen table, and an unexpected location would be the sink). When 

completing a subsequent memory test, participants were better able to recall the location of 

items that were placed either in highly expected or highly unexpected places (compared to 
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neutral locations). These results therefore showed the U-shaped curve of memory 

performance against expectedness predicted by models such as SLIMM (Quent et al., 2022). 

         Building on the behavioural predictions outlined above, Chapter 2 of this thesis 

presents four behavioural experiments that manipulate the expectedness of the target word in 

a word-meaning priming experiment. The aim was to provide indirect evidence for the 

involvement of episodic memory in lexical-semantic updating. If word-meaning priming is 

indeed supported by episodic memory processes, then the strength of the word-meaning 

priming effect might be affected by a factor that has previously been shown to affect learning 

in other episodic memory paradigms, i.e., the expectedness of the stimulus (e.g., Greve et al., 

2019; Quent et al., 2022). We thus hypothesised a greater word-meaning priming effect in the 

case where participants encounter the prime word in a context in which it is highly expected 

as well as in one where it is highly unexpected, compared to a baseline context that does not 

allow for very strong predictions to be made. Therefore, we expected to see a U-shaped curve 

of priming against the expectedness of the prime word. Additionally, it may be argued that 

while both highly expected as well as highly unexpected items should lead to stronger 

priming than ‘neutral’ items, the effect should be strongest for highly unexpected items if we 

assume that the episodic memory system is crucially involved in the updating of stored word 

meanings. I will discuss each of these hypotheses in more detail in Chapter 2. 

Research more directly concerned with the mechanisms of language processing has 

long been interested in the role of linguistic prediction in service of language comprehension 

(see Ryskin & Nieuwland, 2023, for a recent review). Most traditional connectionist/neural 

network approaches to modelling language processing incorporate prediction error-driven 

learning (e.g., Elman, 1990; Rabovksy & McRae, 2014), although the input to these models 

has so far mainly consisted of small datasets, and a systematic investigation of how well 

different instantiations of these models (with different parameters and potentially very 

different downstream consequences) fit to human behavioural and neural data is still 

outstanding (see Ryskin & Nieuwland, 2023, for further discussion of this issue). In terms of 

experimental research, some studies on language processing suggests that the relative 

predictability of linguistic input can have downstream consequences for memory. For 

example, Cairns, Cowart, and Jablon (1981) showed that words processed within a predictive 

context (i.e., which were easily predictable) were less salient and harder to recall, while 

Corley, MacGregor, and Donaldson (2007) found that linguistic disruptions or disfluencies 
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can improve later memory for critical words. More recently, Haeuser and Kray (2023) 

demonstrated that disconfirmed lexical predictions during sentence reading (as elicited by 

German article + noun mismatches) are associated with stronger subsequent recognition 

memory, suggesting that prediction error may strengthen encoding.  

At the same time, there is some evidence to suggest that the reach of violated 

predictions may be rather limited. A recent EEG study found no differences in event related 

potentials (ERPs) between the processing of words that were mispredicted three sentences 

earlier and those that were not (Lai et al., 2017), although there may be other measures that 

might be more sensitive to pick up relevant differences (though see also Nieuwland et al., 

2018, 2020). Thus, while it seems intuitive that if predictions are made in service of language 

processing, then the outcomes of these predictions should be able to affect longer-term 

memory so as to improve future predictions (regardless of whether such a process would 

involve the episodic memory system (only) or be computed locally within the language 

network), the evidence thus far is mixed and relatively sparse. In Chapter 2 of this thesis, I 

will systematically test this hypothesis in the context of the word-meaning priming paradigm. 

However, as mentioned above, it is likely that any given task will involve both 

memory systems to different degrees, and it is not yet entirely clear whether word-meaning 

priming might not in fact be supported by both neurocognitive routes outlined above (i.e., the 

direct neocortical and the hippocampal one), perhaps depending on factors like the 

expectedness of the prime word. Considering that, the first empirical chapter in this thesis 

(Chapter 2) investigates whether one is able to observe the behavioural pattern of a U-shaped 

function of memory or priming against expectancy that has been reported in previous 

experiments (Quent et al., 2022), which would provide further evidence for the involvement 

of episodic memory processes in the retuning of word meanings. In a second step, in 

Chapters 3 and 4, I set out to characterise the neural bases of the processing of ambiguous 

words (Chapter 3) and the word-meaning priming effect (Chapter 4) using neuroimaging 

techniques (EEG and MEG, respectively). These experiments sought to more directly address 

the question of whether the episodic memory system (underpinned by the hippocampus) 

supports word-meaning priming (as cautiously hypothesised in the episodic context account). 

The evidence pointing towards an important role for the hippocampus in the processing of 

word meanings will be summarised in the following section. 
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1.4 Episodic Memory Contributions to Language Comprehension 

There is a substantial body of evidence implicating the hippocampus in episodic memory (see 

e.g., Moscovitch, Cabeza, Winocaur, & Nadel, 2016; Burgess, Maguire, & O’Keefe, 2002, 

for reviews; Wixted, et al., 2018, for intracranial evidence). Within the domain of language, 

there is also general agreement that the hippocampus is important for the encoding and 

consolidation of novel words (e.g., Davis, Di Betta, Macdonald, & Gaskell, 2009; Davis & 

Gaskell, 2009), but it is not traditionally assumed to be a key part of the language 

comprehension network more generally (i.e., its function is presumed to be largely restricted 

to learning novel linguistic items). However, more recent evidence suggests that it also 

critically contributes to various aspects of flexible language processing by supporting the 

rapid integration of multiple sources of information (Duff & Brown-Schmidt, 2017). To date, 

the evidence for this primarily comes from patient studies showing that individuals with 

hippocampal amnesia show marked deficits in the flexible and creative use and 

comprehension of language (Duff & Brown-Schmidt, 2012; Klooster & Duff, 2015; 

Covington & Duff, 2016). For instance, Klooster and Duff (2015) assessed the role of the 

hippocampus in maintaining and updating multiple aspects of word meaning. They tested 

patients with bilateral hippocampal damage and amnesia on their ability to produce and 

comprehend semantically rich and varied language content, and showed that compared to 

demographically matched healthy controls as well as patients with brain damage that spared 

the hippocampus, amnesic patients showed deficits on measures of vocabulary depth and 

semantic richness. One specific task required participants to list as many senses as they could 

in response to an ambiguous word, with amnesic patients performing significantly worse than 

the two control groups, suggesting that the hippocampus is critically involved in the 

maintenance of rich lexical-semantic knowledge (Klooster & Duff, 2015). This strand of 

research appears to link in well with the episodic context account which posits a crucial role 

for the hippocampus in processing and flexibly updating stored word meanings. 

Moreover, recent neuroimaging research has started to provide evidence for 

hippocampal involvement during sentence processing (e.g., Blank et al., 2016). In particular, 

several studies converge on the view that hippocampal theta oscillations, a type of neural 

oscillation typically between ~4-8 Hz which link the hippocampus and neocortical regions to 

provide connections among distributed memory representations (Covington & Duff, 2016; 

Herweg, Solomon, & Kahana, 2020; Kota, Rugg, & Lega, 2020), appear to play an important 
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role in lexical-semantic processing (see e.g., Bakker-Marshall, Takashima, Schoffelen, van 

Hell, Janzen, & McQueen, 2018; Bastiaansen, van der Linden, ter Keurs, Dijkstra, & 

Hagoort, 2005; Bastiaansen, Oostenveld, Jensen, & Hagoort, 2008). For instance, in an early 

EEG study, Bastiaansen, van Berkum and Hagoort (2002) observed a slow increase in (slow) 

theta power (2 Hz) during sentence processing, which they suggest might reflect the 

formation of an episodic memory trace driven by the hippocampus as the sentence unfolds. 

Later work in this line of research has demonstrated that theta oscillations play an important 

role in retrieving stored word representations and have come to be generally regarded as a 

signature of lexical access (Bastiaansen et al., 2005; Bakker et al., 2015; Bakker-Marshall et 

al., 2018). 

More closely investigating semantic processing, Pu, Cheyne, Sun, and Johnson (2020) 

used magnetoencephalography (MEG) to characterise the role of hippocampal theta 

oscillations in language comprehension. They observed increased hippocampal theta power 

when participants read a semantically anomalous sentence-final word (e.g., “Mary is packing 

one mate.”), but no theta power increase for syntactically incorrect sentence endings (e.g., 

“Mary is packing one bags.”) compared to semantically and syntactically well-formed 

sentences. This suggests that hippocampal theta oscillations specifically track lexical-

semantic relations. Both conditions exhibited significant theta phase coupling between the 

hippocampus and left superior temporal gyrus (STG), an important region in the cortical 

language network which might be responsible for integrating top-down predictions and 

bottom-up input (Gagnepain, Henson, & Davis, 2012). This connection between the 

hippocampus and STG may provide an important means of information exchange between 

the memory and language systems that underpin the generation of sentence meaning based on 

the integration of incoming information and stored knowledge. Similarly, Piai et al. (2016) 

used intracranial hippocampal recordings to show that theta power was stronger for high-

constraint (e.g., “She locked the door with the…”) vs. low-constraint (e.g., “She walked in 

here with the…”) sentences prior to the presentation of a picture representing the final word 

(“key”). This suggests that hippocampal theta oscillations track contextual information to 

improve predictions for upcoming words and to facilitate the integration of upcoming 

language input. 

The above studies suggest that hippocampal theta oscillations seem to be involved in 

language tasks that require accessing stored word forms as well as the binding of multiple 

elements (e.g., stringing words together in a sentence to comprehend its meaning, and 
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potentially binding words to the general context, as predicted by the episodic context account; 

see also Backus, Schoffelen, Szebenyi, Hanslmayr, & Doeller, 2016, regarding the binding 

function of hippocampal theta). This neural mechanism would thus appear ideally suited to 

underpin the updating of linguistic meanings by binding an ambiguous word to its context, 

resulting in an episodic memory trace that can later be integrated into lexical-semantic 

representations to improve future linguistic predictions. Furthermore, we would expect the 

comprehension of a subordinate meaning of an ambiguous word to elicit an increase in theta 

power (compared to low-ambiguity, dominant meanings), as these words are more difficult to 

access and integrate for two main reasons: Firstly, they also involve the activation of the (not 

contextually appropriate) dominant meaning(s) (e.g., Swinney et al., 1979). If theta power 

indeed indexes the activation of a semantic network during the retrieval of stored word 

representations (e.g., Bastiaansen et al., 2005), then activating multiple different meanings 

should lead to stronger theta power than activating only one dominant meaning (as would be 

the case for low-ambiguity words). Secondly, a subordinate meaning of an ambiguous word 

is usually more surprising and less predictable, which arguably more closely resembles the 

processing of a semantically incongruent word (cf. Pu et al., 2020). These predictions are 

being tested in an EEG study reported in Chapter 3 and an MEG study in Chapter 4. 

Besides theta oscillations, other frequency bands have also been implicated in 

language comprehension and memory. Most importantly, alpha (~9-13 Hz) and beta (~14-20 

Hz) oscillations appear to play an important role in language processing by supporting 

domain-general preparation and control mechanisms to help the language system optimally 

deal with both expected and unexpected input (presumably by pre-activating or inhibiting 

upcoming word predictions; Piai, Roelofs, Rommers, & Maris, 2015; Rommers, Dickson, 

Norton, Wlotko, & Federmeier, 2017). For example, decreases in beta oscillatory activity has 

been linked to the computation of prediction error and the updating of sentence-level 

representations during sentence processing (Lewis & Bastiaansen, 2015; Lewis et al., 2017). 

Studies employing word production and naming tasks has also shown that beta power 

decreases appear to index lexical activation and memory-related aspects of word retrieval 

(Piai et al., 2015). Moreover, decreases in alpha band activity have been linked to lexical-

semantic retrieval and the allocation of attentional resources to upcoming linguistic input 

(Meyer, 2018; Piai et al., 2020). It is interesting to note that alpha and beta oscillations also 

play an important role in episodic memory. Numerous studies demonstrate that alpha/beta 

desynchronisation (i.e., decreases in power) during encoding predicts subsequent memory 
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performance, possibly reflecting the enhanced activation and differentiation of memory 

representations (Hanslmayr et al., 2016; Fellner et al., 2019). The role of these oscillations in 

the processing of lexical-semantic ambiguity and memory for language input will be a focus 

of the EEG study reported in Chapter 3. 

 

1.5  Summary 

In sum, decades of psycholinguistic research have shown that the human language system is 

highly flexible and masterfully deals with lexical-semantic ambiguity. Several studies have 

demonstrated that encountering a word in a sentential context that biases its interpretation 

towards a subordinate meaning aspect leads to that meaning subsequently being more easily 

accessible (e.g., Rodd et al., 2016; Curtis et al., 2022). This finding, referred to as word-

meaning priming, illustrates the malleability of word meanings, and research within this 

paradigm has shed some light on the time course and constraints on this type of lexical-

semantic updating (e.g., Gaskell et al., 2019; Gilbert et al., 2021; Rodd et al., 2013, 2016). 

However, the exact mechanism underpinning this flexibility remains contested. One 

explanation, called the episodic context account (Gaskell et al., 2019; Curtis et al., 2022; Mak 

et al., 2024), suggests that word-meaning priming is supported by general episodic memory 

processes, whereby word meanings are initially bound to the context they are encountered in 

by the episodic memory system. 

Crucially, if word-meaning priming is supported by episodic memory processes, then 

the strength of word-meaning priming effects might be affected by factors that have 

previously been shown to affect learning in other episodic memory paradigms (e.g., Greve et 

al., 2018; Quent et al., 2022). One important behavioural finding in this regard (replicated 

across several different paradigms, e.g., van Kesteren et al., 2013; Greve et al., 2018; Quent 

et al., 2022) is that the expectedness of a stimulus influences the extent to which participants 

are able to remember that input (see Quent et al., 2021 for a recent review). Additionally, over 

the past two decades, evidence supporting the view that the hippocampus may critically 

contribute to language comprehension and linguistic flexibility has been accumulating (e.g., 

Klooster & Duff, 2015). Since the hippocampus is known to support episodic memory, 

observing hippocampal contributions to language comprehension is in line with predictions 

of the episodic context account which proposes an important role for episodic memory (and, 

on a neural level, the hippocampus). Finally, several neural signatures that have previously 
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been linked to episodic memory encoding have also been found to play a role in language 

processing (e.g., Piai et al., 2016). For instance, it has been proposed that theta oscillations 

may track lexical-semantic relations and may be sensitive to violations of lexical predictions. 

More generally, they seem to be important for language tasks that require the binding of 

multiple elements into a coherent memory trace. However, it has not yet been considered how 

this mechanism may extend to the processing of ambiguous word meanings and its possible 

role in the updating of lexical representations. The present thesis contributes to the above 

efforts of further specifying the role of episodic memory in language comprehension by 

combining evidence from behaviour, EEG, and MEG. 

 

1.6 Thesis Overview 

The overarching aim of this thesis is to investigate the contribution of episodic memory on 

language comprehension and linguistic flexibility using a combination of behavioural and 

neuroscientific methods. The thesis is structured as follows: 

Chapter 1 served to provide relevant theoretical background for the empirical 

chapters that follow, and to offer a general overview of the research areas this thesis 

contributes to, including some of the theoretical and methodological approaches that the 

following chapters draw upon. 

Chapter 2 presents four behavioural experiments investigating the effects of 

predictability on word-meaning priming and incidental memory for language input. The main 

aim was to see if it is possible to provide further evidence for the contribution of episodic 

memory to lexical-semantic updating by drawing on theories and predictions from the general 

episodic memory literature.  

Chapter 3 reports an EEG study which aimed to elucidate the oscillatory mechanisms 

supporting the processing of lexically ambiguous words and their link to subsequent 

recognition memory. For the EEG analyses, I focused on theta as well as alpha and beta 

oscillations. 

Chapter 4 presents data from an MEG study investigating the neural underpinnings 

of word-meaning priming. The central aim was to determine the neural correlates of lexical-

semantic updating, with a particular focus on oscillatory activity in the theta band. 
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Finally, Chapter 5 reviews the work presented in this thesis and discusses the 

theoretical and methodological contributions of this research. It also acknowledges some of 

the limitations of this work and outlines potential future directions.  
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Abstract 

Encountering a homonym in a sentential context that biases interpretation towards its 

subordinate meaning makes that meaning easier to access later. This word-meaning priming 

effect is not restricted to homonyms and may be supported by general episodic memory 

processes. Such an account predicts that word-meaning priming may be affected by factors 

that affect episodic learning (e.g., predictability). Specifically, the contextual predictability of 

an incoming stimulus has been shown to affect episodic memory in that both highly expected 

as well as highly unexpected input leads to better memory for that input, via two different 

underlying neurocognitive mechanisms. We hypothesised that if word-meaning priming is 

supported by episodic memory processes, both highly expected as well as highly unexpected 

target words should lead to stronger word-meaning priming effects than target words of 

intermediate predictability. Four pre-registered online experiments tested whether contextual 

predictability affects word-meaning priming and incidental memory for language. We 

exposed participants to sentences that emphasised a particular aspect of a sentence-final 

target word’s meaning. Importantly, target words differed in how predictable they were based 

on the sentence context (e.g., “You can get in a good workout by riding / lifting a bicycle”). 

Associate production and semantic relatedness judgement assessed the strength of word-

meaning priming. Contrary to our hypotheses, while there was evidence for priming across 

experiments, we found no significant effects of contextual predictability in any experiments. 

Our findings suggest that predictability-guided updating is rarely triggered during language 

comprehension, and we outline the theoretical implications of these results for the 

architecture of the language system. 

 

Keywords: Prediction, Memory, Priming, Language Comprehension, Plasticity
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2.1 Introduction 

Over the past two decades, multiple lines of psycholinguistic investigation have provided 

evidence for an important role of learning mechanisms in support of language 

comprehension. The reach of adaptive learning processes covers the perception of phonemes 

(Norris, McQueen, & Cutler, 2003), the articulation of speech sounds according to the 

linguistic statistics of our environment (Dell, Reed, Adams, & Meyer, 2000), the acquisition 

and consolidation of novel word forms and meanings (Gaskell & Dumay, 2003; Rodd et al., 

2012), as well as adaptation to new syntactic structures (Ball, Mak, Ryskin, Curtis, Rodd, & 

Gaskell, 2025; Kaschak & Glenberg, 2004; Ryskin, Qi, Duff, & Brown-Schmidt, 2017). At 

the same time, there has been a proliferation of psycholinguistic research that has applied 

specific theories from the wider memory literature to the study of human language processing 

and comprehension (e.g., Davis & Gaskell, 2009; Gagnepain, Henson, & Davis, 2012). One 

particular example comes from an area of psycholinguistics concerned with lexical-semantic 

processing, where different theories of memory have been applied and experimentally tested 

in an attempt to accurately describe the underlying mechanism supporting a highly flexible 

and widespread type of adaptation or ‘re-tuning’ of the mental lexicon. 

Specifically, previous research has shown that encountering a lexically ambiguous 

word in a sentential context that biases its interpretation towards a subordinate meaning leads 

to that meaning subsequently being more easily accessible (e.g., Rodd et al., 2013, 2016; 

Gilbert et al., 2021). This finding, referred to as word-meaning priming, illustrates the 

malleability of stored word meanings. The word-meaning priming effect can be detected 

minutes or even hours later, with its longevity clearly distinguishing it from shorter-term 

semantic priming. In a standard word-meaning priming study, participants hear or read 

sentences containing lexically ambiguous words in contexts that bias interpretation towards 

the subordinate meaning (e.g., “Her neighbour’s willow must have been the source of the 

bark.” – interpretation: outer covering of a tree). When participants are subsequently asked to 

generate semantic associates in response to isolated ambiguous words (e.g., ‘bark’), the 

proportion of context-consistent answers (e.g., ‘tree’) increases for homonyms that were 

previously encountered with their subordinate meaning compared to unprimed ambiguous 

words.  
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Recent years have seen a substantial amount of work investigating the time course 

and constraints on this type of lexical-semantic updating in order to shed light on the 

underlying mechanism (e.g., Gaskell, Cairney, & Rodd, 2019; Gilbert et al., 2021; Rodd et 

al., 2013, 2016). For instance, to evaluate the longevity of the word-meaning priming effect, 

Rodd et al. (2016) varied and compared latencies between exposure and test (consisting of 1 

min, 20 min, and 40 min delays). They found evidence for word-meaning priming at all 

intervals, but the effect was strongest when the delay was only 1 min. This was taken to 

suggest that there is likely a rather short-lived component involved in this lexical-semantic 

updating process, but the presence of word-meaning priming effects after 20 and 40 mins 

pointed to somewhat more long-lasting alterations to the semantic network. Follow-up 

experiments mapped out the exact time course of the effect and showed a gradual decay over 

the course of a day. Beyond that point, the priming effects were weakened and, in some cases, 

no longer statistically significant (Rodd et al., 2016). 

To explain this pattern of results, Rodd et al. (2016) suggested that these longer-term 

priming effects are best interpreted within a connectionist framework where word forms and 

ambiguous word meanings are represented in a distributed lexical network (e.g., Rodd, 

Gaskell, & Marslen-Wilson, 2004). This connectionist network is assumed to model lexical-

semantic representations of words in semantic memory and so adjustments to weights as a 

consequence of language exposure would represent long-term changes in the neocortical 

language network (and are used to explain neocortical learning more generally in other 

domains; see e.g., Elman, 2005). By this connectionist account, recent experience with an 

ambiguous word would lead to direct alteration of the connection weights that map between 

lexical form and meaning units, strengthening the connection between a word form and the 

comprehended meaning, which would facilitate the activation of the primed meaning 

compared to the unprimed one (Rodd et al., 2016). While this model could explain why 

participants are more likely to retrieve a primed meaning that they have recently been 

exposed to, it is less clear how it could explain the observed decay function whereby priming 

becomes weaker during the course of the day, flattening off rather strongly after the first few 

minutes and then decaying more gradually (Rodd et al., 2016). One possibility would be to 

ascribe the observed decay to further updating of the connections between other units due to 

exposure to unrelated language input after the priming event, which might affect the 

previously strengthened (primed) connection weights. However, it is difficult to explain why 
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decay is stronger at the start and then weakens as time goes by (until priming effects become 

undetectable). 

An alternative way to account for this pattern of decay would be to hypothesise that 

the lexical-semantic re-tuning observed in the above studies is not the result of direct 

neocortical changes as would be assumed under a distributed connectionist framework, but of 

a more flexible, episodic learning system that encodes the association between the primed 

word and the context in which it was comprehended (see Gaskell, 2024, for further 

discussion). This would result in the creation of a temporary memory trace that binds together 

the words in the exposure sentences, which could be used to bias participants’ responses 

during the test phase towards the meaning in which a prime word was previously interpreted 

(Gaskell et al., 2019). While the episodic memory system is known to support the rapid 

encoding of novel associations (as would be required to observe learning effects in a word-

meaning priming experiment), these newly formed memory traces have been shown to decay 

rapidly (Hardt, Nader, & Nadel, 2013). Therefore, the episodic memory system, primarily 

supported by the hippocampus (Moscovitch, Cabeza, Winocur, & Nadel, 2016; Tulving, & 

Markowitsch, 1998), might underpin both the priming effects as well as the observed decay 

over the course of a day that was found by Rodd and colleagues (2016). This alternative 

explanation is termed the episodic context account (Curtis, Mak, Chen, Rodd, & Gaskell, 

2022; Mak, Curtis, Rodd, & Gaskell, 2023), given that it hypothesises a crucial role for 

episodic memory in supporting the updating of word meanings. 

To summarise, there are two competing explanations regarding the neurocognitive 

underpinnings of the word-meaning priming effect. On the one hand, the effect could be the 

result of direct changes within the existing lexical neocortical network that serve to 

strengthen the connections between the word form and its comprehended, contextually 

appropriate meaning (e.g., Gilbert et al., 2018; immediate alteration account). On the other 

hand, the observed lexical-semantic retuning could be driven by the episodic memory system, 

which binds the ambiguous word to the context it was encountered in, thereby creating a new 

and perhaps temporary memory trace that may bias participants’ responses towards that 

specific context at test (Gaskell et al., 2019; episodic context account). What differentiates 

these two accounts is the predictions they make with regard to the influence of a longer 

consolidation period that includes a sleep interval. If word-meaning priming is supported by 

the episodic memory system, as predicted by the episodic context account, then one would 
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expect sleep-associated memory consolidation processes (involving the replay of memory 

traces that were acquired during wake; Rasch & Born, 2013; Brodt et al., 2023) to help 

stabilise the recently acquired memory combining the ambiguous word and the context it was 

encountered in. Moreover, sleep-associated consolidation would be expected to subtly adjust 

the stored lexical-semantic representations by reactivating the word form and comprehended 

meaning during sleep, thereby strengthening the connection between these two units. In 

contrast, the immediate alteration account would not predict any role for sleep-associated 

consolidation processes considering that all the updating has already taken place immediately 

after the ambiguous word was encountered in context. 

To address this possibility, Gaskell et al. (2019) looked at whether the word-meaning 

priming effect is better preserved over a period of time involving sleep (potentially enabling 

episodic/hippocampal memory consolidation) vs. wake. The results indicated that the 

contextual priming of word meanings is maintained over a consolidation period involving 

sleep (see also Mak et al., 2023). While these behavioural experiments did not set out to 

specify the neural substrates underpinning the observed effect, following the reasoning laid 

out above, the results hint at the possibility that the hippocampus may have been involved, as 

one would not expect there to be consolidation effects if lexical-semantic updating were 

supported by immediate alterations of neocortical connections. Instead, in light of their 

results, Gaskell et al. (2019) proposed that the same hippocampal circuitry responsible for 

episodic declarative memory tasks (e.g., paired-associate learning) that are typically sensitive 

to sleep-associated consolidation might also support the updating of word meanings by 

binding the familiar word form to its context at encoding. Episodic memory is traditionally 

defined as a type of declarative memory that includes information about the specific context 

it was encoded in (Tulving, 2002), and the contextually rich memory traces that are assumed 

to be acquired during comprehension can then be drawn upon in later test phases. This would 

explain the immediate word-meaning priming effect in that the recently acquired episodic 

memory biases participants to provide an associate response that is related to the word 

meaning they have comprehended in earlier sentences (Gaskell et al., 2019). Crucially, during 

consolidation, this representation may be integrated into existing lexical knowledge structures 

to optimise future comprehension.  

The episodic context account thus suggests that word-meaning priming is supported 

by general episodic memory processes, whereby word meanings are initially bound to the 
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context in which they were encountered in the form of an episodic memory trace. By this 

account, the encoded episodic representation of the linguistic input serves as an additional 

source of information to guide later interpretation of a previously comprehended word, and 

may further be used to update stored language knowledge via sleep-associated consolidation. 

This serves to ensure that the stored representations accurately reflect the statistics of the 

linguistic environment and allows listeners to optimise future interpretations. 

One prediction of the episodic context account is that this updating of lexical-semantic 

information should extend beyond homonyms (words with multiple meanings), considering 

the mechanisms supporting such updating are assumed to be general episodic memory 

processes (Gaskell et al., 2019). Indeed, the word-meaning priming effect has recently been 

extended to non-homonyms (i.e., to words that are not ambiguous in the sense described 

above, and that have only one dictionary entry), where subsequent interpretation of the word 

becomes biased towards the previously comprehended contextually appropriate aspect of the 

word’s meaning (e.g., either the ‘cleanliness’ or ‘relaxation’ aspect relating to the word 

bathtub; Curtis et al., 2022). This suggests that the lexical-semantic updating observed within 

the word-meaning priming paradigm might be a general learning mechanism that operates 

whenever words are comprehended in context, which would point to an important role for 

episodic memory in language comprehension (Curtis et al., 2022). Moreover, lexical-

semantic updating in response to encountering non-homonyms in sentential contexts is 

stronger if exposure and testing is separated by a night of sleep compared to a day awake 

(Mak et al., 2023), which further points towards a general role of episodic memory with 

regard to the continual refinement of stored word meanings. Finally, recent evidence shows 

that comprehending even two unrelated words together in a sentential context alters their later 

interpretation in that they are subsequently perceived as being more related even 12 hours 

after initial exposure (Mak, Ball, O’Hagan, Walsh, & Gaskell, 2024). This provides strong 

evidence for the involvement of episodic memory in language comprehension. 

Recent research into the time course and underlying mechanisms of the word-

meaning priming effect has thus accumulated some evidence for an important role of episodic 

memory processes. If this type of lexical-semantic updating is assumed to be supported by 

episodic memory processes, then perhaps a useful way to further test this hypothesis is by 

looking to results from other episodic memory paradigms and neurocognitive models of 

episodic memory, with the aim of testing whether factors known to influence episodic 
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memory in other paradigms might also influence word-meaning priming. This might provide 

indirect evidence that episodic memory underpins not only the encoding of novel stimuli or 

associations, but that it also supports the updating of stored word meanings (Gaskell et al., 

2019) or meaning aspects (Curtis et al., 2022) by encoding a memory trace of the 

comprehended meaning that is bound to the context it was experienced in (as predicted by the 

episodic context account; Gaskell et al., 2019). 

If word-meaning priming is supported by episodic memory processes, the strength of 

word-meaning priming effects might be affected by factors that have previously been shown 

to affect learning in (other) episodic memory paradigms (e.g., Greve et al., 2018; Quent et al., 

2022). One important finding in this regard (replicated across several different paradigms, 

e.g., Greve et al., 2018; Quent et al., 2022; van Kesteren et al., 2013) is that participants tend 

to be better at remembering highly expected as well as highly unexpected material relative to 

material of intermediate expectedness. Numerous studies have provided evidence for better 

memory for both information that fits a pre-established schema and is highly expected (e.g., 

Craik & Tulving, 1975) as well as information that is incongruent with prior knowledge and 

is highly unexpected (e.g., von Restorff, 1933). One influential neurocognitive model in the 

field of episodic memory that aims to account for these results is the SLIMM model (first 

introduced by van Kesteren, Ruiter, Fernandez, & Henson, 2012), which stands for schema-

linked interactions between medial prefrontal cortex (mPFC) and medial temporal lobes 

(MTL), the latter of which prominently include the hippocampi (see also Henson & 

Gagnepain, 2010, for a related model and Quent, Henson, & Greve, 2021, for a recent review 

of the findings supporting these models). 

     On a neural level, SLIMM proposes that the mPFC and the MTL/hippocampus have 

different roles to play in encoding episodic memories depending on how expected the event 

or item to be encoded is (or, in the original formulation, whether it fits with a pre-existing 

schema, i.e., a structure of prior knowledge that has been built up with experience; van 

Kesteren et al., 2012). Events or items that are (highly) expected are assumed to benefit from 

very rapid encoding and direct consolidation into neocortex, which is supported by the 

mPFC. In contrast, events or items that are highly unexpected are assumed to be reliant on the 

hippocampus/MTL, which encodes a ‘snapshot’ of the entire context that can later be 

consolidated via hippocampal memory consolidation (Quent, Greve, & Henson, 2022). This 

prediction has been (at least partially) confirmed in previous studies using functional 
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magnetic resonance imaging (fMRI; van Kesteren, Fernandez, Norris, & Hermans, 2010; 

Henson & Gagnepain, 2010). For instance, van Kesteren et al. (2010) found that encoding 

information for which participants had a strong prior schema (compared to no schema) 

resulted in greater intersubject synchronisation within the mPFC and less hippocampal-mPFC 

interregional connectivity. This suggests that the mPFC preferentially encodes information 

that conforms to a pre-existing schema, whereas the hippocampus steps in to encode schema-

incongruent or unexpected information. 

         SLIMM thus explains the fact that both highly expected as well as highly unexpected 

input has a memory advantage by postulating that different brain systems underpin these two 

ends of the expectedness scale. It should be noted, however, that it is likely that both memory 

systems are involved in the encoding of information across the range of possible expectancy 

levels, with the activation and support provided by the mPFC and hippocampus for the 

encoding of expected vs. unexpected information being a matter of degree. That being said, 

the U-shaped function of memory against the expectancy of the information to be encoded 

has been well replicated (e.g., Greve, Cooper, Kaula, Anderson, & Henson, 2017; Greve, 

Cooper, Tibon, & Henson, 2019; Quent et al., 2022). For instance, most recently, Quent et al. 

(2022) used an immersive virtual reality paradigm to assess how the expectedness of a 

stimulus influences episodic memory. While virtually moving around in a kitchen, 

participants were presented with 20 familiar objects that were placed in either highly 

expected, neutral, or highly unexpected locations (e.g., for a kettle, an expected location 

would be the kitchen counter, a neutral location the kitchen table, and an unexpected location 

the sink). In a subsequent test, participants were better able to recall the location of items 

placed in highly expected as well as highly unexpected places (compared to neutral ones), 

showing a U-shaped curve of memory performance against expectedness (Quent et al., 2022). 

     Building on the empirical results from the memory literature outlined above, in the 

current experiments, we manipulated the expectedness of the target word in a word-meaning 

priming experiment in an attempt to further elucidate the involvement of episodic memory in 

lexical-semantic updating. It should be noted at this point that while the role of prediction for 

the processing of language has been well studied (see e.g., Ryskin & Nieuwland, 2023; 

Kuperberg & Jaeger, 2016; for reviews), the influence of expected or unexpected linguistic 

input on memory is less well understood (Ryskin & Niewland, 2023). This has led us to look 
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to well-established models within the episodic memory literature from which to derive our 

predictions as to the role of episodic memory processes in lexical-semantic updating. 

This paper presents three priming (Exp. 1-3) and one non-priming (Exp. 4) 

experiments. In the former, participants were exposed to sentences containing a target word 

whose interpretation was biased towards a specific aspect of its meaning by the preceding 

sentential context (i.e., the word-meaning priming manipulation). These sentence-final target 

words were either highly expected based on the preceding sentence context (Expected 

condition), highly unexpected based on the preceding sentence context (Unexpected 

condition), or of intermediate expectedness, in which case the lead-in sentence did not 

encourage any specific strong predictions to be made (Neutral context). If word-meaning 

priming is indeed supported by episodic memory processes, then the strength of the word-

meaning priming effect might be affected by a factor that has previously been shown to affect 

learning in other episodic memory paradigms, i.e., the expectedness of the stimulus (e.g., 

Greve et al., 2019; Quent et al., 2022). We thus predicted a greater word-meaning priming 

effect in the case where participants encounter the prime word in the Expected and 

Unexpected condition, compared to the Neutral condition which does not allow for strong 

lexical predictions to be made. Therefore, we expected to see a U-shaped curve of priming 

against the expectedness of the prime word. Additionally, while we predicted that both highly 

expected as well as highly unexpected items should lead to stronger priming than ‘neutral’ 

items, we anticipated that the effect would be strongest for highly unexpected items since we 

assumed that the hippocampus should be crucially involved in the updating of stored word 

meanings. 

A subsidiary aim of the current paper was to test two further predictions derived from 

the episodic memory models outlined above. The first was that memory for incidental aspects 

of the materials would be better if these features were processed in close temporal proximity 

to unexpected input (compared to expected or neutral input). In all three priming experiments 

as well as in the non-priming experiment, we used a combination of cued recall and two-

alternative-forced-choice (2AFC) tests probing memory for incidental aspects of the 

experiments. The second prediction was that memory for highly expected as well as highly 

unexpected items would be better than memory for neutral items. We tested this prediction in 

the final (non-priming) experiment using an old/new recognition memory test assessing 

memory for the sentence-final words. 



39 
 

 

2.2 Experiment 1 

This experiment, as well as all the following ones, was pre-registered prior to data collection. 

The pre-registration (https://osf.io/x4nfu) contains the exclusion criteria and analysis plan, 

and deviations from this plan (including additional exploratory analyses) are explicitly 

mentioned throughout. The stimuli, data and analysis scripts for all the experiments presented 

here are available on the Open Science Framework 

(https://osf.io/a8mj4/?view_only=0fe94de6d5ce4000975ca304945a6b91). 

 

2.2.1 Methods 

2.2.1.1 Participants 

Ninety-nine participants, aged between 18 and 35 years, were recruited online via Prolific 

(www.prolific.com). They were paid at the rate of £7 per hour. They were all native speakers 

of English and reported not to have any language-related or attentional disorders. Our pre-

registered target sample size was 80 usable datasets, based on the recommendation by 

Brysbaert and Stevens (2018) to aim for 1600 observations per condition when using 

(generalised) linear mixed-effects models for statistical analysis (80 participants x 20 targets 

per condition = 1600 observations per condition). Following our pre-registered exclusion 

criteria, we discarded the data from 19 participants in total (six due their performance in the 

filler task, six due to low accuracy in the relatedness judgement task, and 7 due to 

misunderstanding or failing the attention checks in the associate production task), resulting in 

80 usable datasets (42 female; mean age = 29.0, SD = 4.72). 

 

2.2.1.2 Materials 

2.2.1.2.1 Stimuli 

The first experiment contained 80 target words in total, with three sentences per target. For 

the entire set of stimuli, the three sentences had the same final target word but differed in  

expectedness: Expected (i.e., the preceding sentence context was strongly constraining for 

one particular final word), Neutral (i.e., the context did not allow for a strong prediction for 

any particular word), Unexpected (i.e., the context strongly constrained for a specific word; 

https://osf.io/x4nfu
https://osf.io/a8mj4/?view_only=0fe94de6d5ce4000975ca304945a6b91
http://www.prolific.com/
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however, instead of that word completing the sentence, a different word was used). The 

Expected sentences were partially taken and adapted from Curtis et al. (2022). An example 

sentence from each condition is shown in Table 2.1. 

 

Table 2.1 

Example sentences for the target word ‘concert’ in  each of the expectedness conditions, with 

the mean cloze (0-1), constraint (0-1), and surprisal (1-10) scores for the selected set of 

experimental stimuli 

Condition Sentence Cloze  

score 

Constraint 

score 

Surprisal 

score 

Expected While Hannah enjoyed the symphony orchestra’s 

performance, she was concerned about the fact 

that her ears were still ringing from last night’s 

concert. 

0.672 

(SD = 0.261) 

0.672 

(SD = 0.261) 

1.791  

(SD = 0.78) 

Neutral To protect her hearing, Hannah decided to buy a 

pair of high-quality earplugs to wear at the annual 

concert. 

0.125  

(SD = 0.161) 

0.368 

(SD = 0.191) 

3.3  

(SD = 1.49) 

Unexpected Each Bonfire Night, Hannah is concerned about 

the ear-piercing bangs caused by the spectacular 

concert. 

0.007  

(SD = 0.029) 

0.749 

(SD = 0.167) 

6.382  

(SD = 1.9) 

 

Note that while the conditions differ in how strongly they bias towards a specific 

word form, all three conditions were intended to be equal in terms of how they biased the 

interpretation of the sentence-final word’s meaning towards one specific aspect of meaning. 

In the examples shown in Table 1, all three sentences bias towards the ‘loudness’ 

interpretation of concert, and this is the primary meaning aspect that will be comprehended in 

all conditions. It is only in the Expected and Unexpected condition, however, that the 

sentences constrain for a specific word form. It is therefore important to separate the 

interpretation bias (which should be the same in all three conditions) from the word form 

identity bias (which is the crucial experimental manipulation and differs between the 

conditions). 
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The targets were pseudo-randomly allocated to four different counterbalanced lists, 

with each target appearing in one of the three expectedness conditions (60 targets in total, 20 

per condition, presented during exposure) or the unprimed condition (20, not presented 

during exposure) in each list. This means that a participant only encountered each target in 

one of the four conditions. It should be noted that while the unexpected items were meant to 

be unpredictable and elicit surprise when encountering the final (target) word, the endings 

were also designed to be conceivable and not to make the sentence semantically incongruent. 

Finally, each sentence was followed by two probe words (e.g., noise - pavement, for the 

example above), where participants chose which word was more closely related to the 

sentence they just read. This was meant to ensure that the sentences were interpreted correctly 

and served as an attention and comprehension check. 

 

2.2.1.2.2 Norming Experiment 

The final set of stimuli was derived based on a norming experiment using two independent 

samples of participants recruited from Prolific (n = 46 for cloze ratings, and n = 45 for 

surprisal ratings). Ninety sentence triplets entered the norming experiment, with the goal of 

ending up with 80 suitable sentence triplets for the main experiment in line with our power 

calculation (i.e., allowing us to discard the 10 worst-performing items while adhering to our 

estimated requirement for statistical power). The norming experiment consisted of two 

separate tasks, a cloze task and a surprisal rating task, both of which are explained below. 

One sample of participants (n = 461) completed a cloze task where they read a set of 

sentences that were all missing the final word and were asked to type in the word that they 

thought best completed the sentence. The sentences were pseudo-randomly allocated to three 

different lists so that each participant was only exposed to one condition of each stimulus 

triplet (i.e., to either the expected, neutral, or unexpected sentence ending). On the basis of 

participants’ responses, a cloze score (see Table 1) was calculated for each sentence 

indicating how many participants provided the intended target word, divided by the number 

of responses per item (15 or 16). In addition to the cloze scores, participants’ responses in the 

cloze task were also used to calculate a measure of contextual constraint, indicating how 

much a given sentence constrains towards a specific ending. This constraint score denotes the 

cloze probability of the most frequent completion. As can be seen in Table 1, the constraint 

 
1 The target sample size was 45, but 46 participants ended up completing the task due to accidental 

over-recruitment. 
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score for the Expected condition is identical to the cloze score of the sentence-final word, 

meaning that the sentence-final word of the Expected sentences was always the most 

frequently provided item in the pre-norming cloze task. For the Neutral condition, the 

constraint score is significantly lower compared to the Expected and the Unexpected 

conditions (ps < .01), indicating that the neutral sentences were significantly less constraining 

towards a specific ending than sentences of the other two conditions (as was intended). 

Finally, the Unexpected sentences strongly constraint towards a specific lexical item that was 

different from the sentence-final word which participants encountered in the main experiment 

(i.e., the constraint score is high, while the cloze score is close to zero). In the surprisal rating 

task, a different set of participants (n = 45) read a set of sentences where the final word was 

presented after a delay (the stimuli were again pseudo-randomly allocated to three different 

lists, as described above). Participants were asked to indicate on a scale of 1-10 how 

surprised they were to encounter the sentence-final word (i.e., how unexpected the final word 

was). A surprisal score (see Table 1) was calculated for each sentence as the mean surprisal 

rating provided by participants (n = 15 per individual sentence). There was a statistically 

significant difference in the mean surprisal ratings between all three conditions (ps <. 001). 

 

2.2.1.2.3 Selection of the Final Stimuli 

The final set of stimuli was selected by comparing the cloze and surprisal scores of the three 

sentences in each stimulus triplet (i.e., with an expected, neutral, or unexpected ending), and, 

if necessary, revising one of the sentences to make it more or less predictive of the final word. 

Stimulus triplets were included in the final stimulus set if the cloze score for the expected 

target was higher than for the neutral and unexpected targets. The surprisal scores also needed 

to differ substantially within each sentence triplet (with the unexpected ending having the 

highest score, followed by the neutral and then the expected endings). If one of these 

conditions was not met, at least one of the sentences in a triplet was slightly revised so as to 

be more or less predictive (according to the authors’ judgement). For instance, the original 

sentence “Whenever I set the table for dinner, I need to be careful not to let the hand-crafted 

salad bowls fall out onto the floor when I open the door of the cupboard.” was slightly 

adapted to “Whenever I set the table for dinner, I need to be careful not to let the hand-crafted 

salad bowls fall out onto the floor when I open the door of the wooden cupboard.” in order to 

be more predictive of the final word. In total, 10.37% of all norming sentences underwent 

such minor revisions. Finally, the 10 sentence triplets that differed the least in cloze and 
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surprisal scores (or if the difference went in an unexpected direction) were discarded, and the 

remaining 80 sentence triplets were retained for the main priming experiment. 

 

2.2.1.3 Design  

Experiment 1 consisted of a within-subjects design with one independent variable: 

Expectedness, which has four levels (Expected, Neutral, Unexpected, and Unprimed). In the 

unprimed condition, the target word was only shown at test but not presented in the exposure 

phase. As stated above, each participant encountered each target in only one of the four 

conditions.  

To assess word-meaning priming, participants completed two different tasks: speeded 

semantic relatedness judgements and associate production. For relatedness judgements, there 

were two dependent variables: Accuracy (coded as a binary variable, 1 - correct vs. 0 - 

incorrect) and Response time (in ms). For associate production, there was one dependent 

variable: Consistency, i.e., how consistent the response produced by participants is with the 

primed meaning aspect. We explain how Consistency was indexed in detail in the Procedure 

and Analysis sections. To assess incidental memory, there was one dependent variable: 

Accuracy (coded as a binary variable, 1 - correct vs. 0 - incorrect).  

 

2.2.1.4 Procedure 

In the three main priming experiments, participants were presented with sentences containing 

a target word whose interpretation was biased towards a specific aspect of its meaning by the 

preceding sentential context (i.e., the word-meaning priming manipulation), with the central 

question being whether target words in the Expected as well as the Unexpected conditions 

elicit stronger word-meaning priming effects than target words in the Neutral condition. The 

procedure is detailed in Figure 2.1, and each part is described below. 
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Figure 2.1 

Schematic of the procedure for Experiment 1 

 

 

Note. Exposure phase and relatedness judgement were separated by a 10-minute clip of 

“Shaun the Sheep”. 

 

 

 

 

 

 

 

 

 

 

2.2.1.4.1 Exposure Phase 

During the exposure phase, participants were presented with 60 sentences, each containing a 

sentence-final target word following a sentential context that biased the word’s interpretation 

towards a specific aspect of its meaning. Twenty of these target words belonged to the 

Expected condition, 20 in the Neutral condition, and 20 appeared in the Unexpected 

condition. Each sentence appeared in its entirety and remained on the screen until participants 

clicked on the ‘Next’ button, which appeared after 5 seconds on each trial. To ensure that 

participants were comprehending the sentences with their intended meaning, each sentence 

was followed by two simultaneously presented probe words, where participants had to choose 

the one that was related to the sentence they had just read by clicking on it. 
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2.2.1.4.2 Filler Task 

As a filler task, participants watched a 10 min video with minimal linguistic content (an 

episode of “Shaun the Sheep”; https://www.shaunthesheep.com/), which was followed by 

three comprehension questions that served as an attention check and assessed whether 

participants were following the main plot of the Shaun the Sheep episode. 

 

2.2.1.4.3 Speeded Semantic Relatedness Judgements 

In relatedness judgement, there were 120 trials, each featuring a word appearing in isolation 

for 400ms (following a 500ms fixation cross). This was followed by a 200ms blank screen, 

after which a probe word appeared (e.g., concert - LOUD). Participants were asked to decide 

as quickly as possible as to whether the two words are semantically related by pressing a 

button on their keyboard (F = Related, J = Unrelated), and they were given a maximum of 

1500ms to respond. There were 80 trials with target words that were paired with a related 

probe word and 40 filler trials consisting of words that were not presented during the 

exposure phase and which were paired with an unrelated probe word. At the start of the task, 

participants completed six practice trials (3 of which were related, 3 unrelated), where they 

received immediate feedback on whether their response was correct. No feedback was given 

in the experimental trials, other than a message reading “Too Slow!” (which appeared for 

1500ms) on trials where participants failed to respond within the maximum time available to 

them. 

 

2.2.1.4.4 Associate Production 

Participants were presented with the 80 target words (each following a 500ms fixation cross) 

and were asked to type in the first word that came to mind upon seeing the target word. After 

giving a response, they pressed the “Return” key on their keyboard to go to the next trial, and 

it was impossible to move on without providing an answer. Besides the 80 experimental 

trials, there were also six attention checks which prompted participants to recall and type in 

the target word from the previous trial. These attention checks were randomly distributed 

across the associate production task. 
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2.2.1.4.5 Incidental Memory Tests 

To assess participants’ memory for incidental aspects of the experiment, and how this may be 

affected by the relative expectedness of the stimuli, participants were prompted to recall the 

unrelated word in the exposure phase that followed each sentence. They were presented with 

the 60 sentences (in their entirety) they encountered during the exposure phase as well as the 

related word that followed the sentence (presented underneath), and they were asked to type 

in the unrelated word (submitting their responses by pressing the “Return” key). In a second 

memory test (2AFC), they were again presented with the exposure sentence and the related 

word (appearing underneath the sentence), together with the unrelated word and a foil (which 

also appeared underneath the sentence). They had to choose the unrelated word if they 

remembered it from the exposure phase by clicking on it. Participants were forced to make a 

decision to advance to the next trial, meaning they were required to guess the correct answer 

if they did not remember the word from the exposure phase. 

 

2.2.1.5 Analysis 

For relatedness judgements, there were two dependent variables: Accuracy (coded as a binary 

variable, 1 - correct vs. 0 - incorrect) and Response time (in ms). For the associate production 

task, there was one measured variable: Consistency, i.e., how consistent the response 

produced by participants is with the primed meaning aspect. In Experiment 1, this measure 

was a continuous variable from -1 to 1 indicating the cosine similarity between 300-

dimensional word2vec semantic embeddings, which were derived from training on 

approximately 100 billion words from the Google News corpus (Mikolov et al., 2013; 

Mandera et al., 2017). In other words, the word2vec embedding of the provided response was 

compared the word2vec embedding of the relatedness task probe word indicating the primed 

meaning aspect (by calculating cosine similarity). This measure indicated the semantic 

similarity between the response provided by participants and the relatedness task probe word 

(which was the primed meaning aspect), with more positive values indicating more 

semantically similar word pairs. As an additional exploratory analysis (not pre-registered), we 

ran a consistency rating experiment to assess whether the response provided by participants 

in the associate production task was consistent with the primed meaning aspect. An 

independent set of third-party raters (n = 24 per unique word pair) were asked to rate whether 

the response word provided by participants is consistent with the related probe word that was 
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shown in the exposure phase (i.e., the primed meaning aspect). They were asked to give their 

answer on a scale of 1-10, with 10 indicating that the two words were very closely related or 

entirely consistent, and 1 indicating that the two words were completely unrelated or 

inconsistent.  

Finally, for incidental memory recall, there was one measured variable: Accuracy 

(coded as a binary variable, 1 - correct vs. 0 - incorrect), i.e., whether or not participants were 

able to accurately recall (cued recall test) or select (2AFC test) the unrelated word presented 

during the exposure phase. 

The data from the four tests (relatedness judgments, associate production, cued recall, 

and 2AFC) were analysed by fitting mixed-effects models using the lme4 package (Bates et 

al., 2014) implemented in R (version 4.2.2, R Core Team, 2022). For the analysis of the 

accuracy data for semantic relatedness judgments and incidental memory tests, binomial 

generalised linear mixed-effects models were fitted to the trial-level data, with correct 

responses coded as 1 and incorrect responses coded as 0. For the analysis of reaction time 

data (in ms) from the speeded semantic relatedness judgement task and for the associate 

production task data (continuous consistency measure from 0 to 1), linear mixed-effects 

models were used. 

To address our hypotheses, the following hypothesis matrix was used, from which 

custom contrasts were derived via the generalised inverse for inclusion in the mixed effects 

models (see Schad et al., 2020). This hypothesis matrix allowed us to test our hypotheses 

regarding the fixed effect of Priming, which had four levels (Expected, Neutral, Unexpected, 

Unprimed). The All Primed vs. Unprimed contrast assesses whether or not there is an overall 

word-meaning priming effect, while the Expected vs. Neutral and the Unexpected vs. Neutral 

contrasts test for an effect of expectedness:  

 

All Primed s vs. Unprimed: [Expected = 1, Neutral = 1, Unexpected = 1, Unprimed = -3]  

Expected vs. Neutral: [Expected = 1, Neutral = -1, Unexpected = 0, Unprimed = 0] 

Unexpected vs. Neutral: [Expected = 0, Neutral = -1, Unexpected = 1, Unprimed = 0]  

 

This resulted in the following contrasts in the contrast matrix (derived using the 

generalised inverse with the ginv2 function in R; Schad et al., 2020): 
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All Primed vs. Unprimed: [Expected = 0.083, Neutral = 0.083, Unexpected = 0.083, 

Unprimed = -0.25]  

Expected vs. Neutral: [Expected = 0.667, Neutral = -0.333, Unexpected = -0.333, Unprimed 

= 0]  

Unexpected vs. Neutral: [Expected = -0.333, Neutral = -0.333, Unexpected = 0.667, 

Unprimed = 0]  

 

Each model contained the random effects of Participant and Item. The buildmer 

package (Voeten, 2021) was used to determine the most parsimonious random effects 

structure, starting out with the most complex structure and then identifying the most 

parsimonious model to successfully converge via stepwise elimination of random effects 

(Barr et al., 2013). The ‘bobyqa’ optimiser was used to increase the likelihood of 

convergence. In the linear mixed-effects model, if the residuals were not normally distributed 

(determined via Q-Q plots), the response time data were log-transformed. 

 

2.2.2 Results 

2.2.2.1 Relatedness Judgements 

2.2.2.1.1 Accuracy 

As summarised in Figure 2.2 (left), mean accuracy rates were 85.88% (SD = 8.42%) in the 

expected condition, 85.10% (SD = 10.14%) in the neutral condition, 85.71% (SD = 9.74%) in 

the unexpected condition, and 81.35% (SD = 10.78%) in the unprimed condition. Contrary to 

our predictions, the mixed-effect model revealed a non-significant word-meaning priming 

effect (β = 1.153, SE = 0.650, z = 1.776, p = .076), and there was also no significant effect of 

expectancy on performance (ps > .544).  
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Figure 2.2 

Accuracy (left) and reaction times (right) in the relatedness judgement task (Experiment 1) 

  

Note. White dots represent the mean, while horizontal black bars represent the median for 

each condition. The black boxplots indicate the interquartile range and the density 

functions represent the distribution of participant means, with individual scores shaded in 

grey. 

 

2.2.2.1.2 Reaction Times 

Mean reaction times in the different conditions were as follows: Expected, 692.87ms (SD = 

90.21ms); neutral, 692.55ms (SD = 88.50ms); unexpected, 690.37ms (SD = 82.36ms); 

unprimed, 707.29ms (SD = 97.94ms). Consistent with the accuracy data, the reaction time 

data also showed a nonsignificant trend towards a word-meaning priming effect (all primed 

conditions vs. unprimed: β = -0.060, SE = 0.043, z = -1.379, p = .168), and there was no 

evidence of an expectedness effect (ps > .724).  

 

2.2.2.1.3 Rate of Correct Responses (RCR) 

As an exploratory analysis, we combined the accuracy and reaction time data to form a 

measure of the rate of correct responses (RCR) a participant makes in this task, defined as the 

(proportion of correct responses/((RT in ms/60,000)) (see Vandierendonck, 2017, for an 

evaluation of this method). This has been found to be a more sensitive measure of priming 

(compared to using either accuracy or reaction times alone) and is used frequently in 

semantic priming studies (e.g., Was et al., 2018). We submitted the RCR values to an 
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ANOVA, which revealed a significant effect of condition, F(3, 316) = 3.379, p = .019. 

Following up on this, multiple comparisons using Dunnett contrasts showed that all three of 

the exposure conditions differed significantly from the unprimed condition (expected vs. 

unprimed, p = .018; neutral vs. unprimed, p = .035; unexpected vs. unprimed, p = .031). 

There were no significant differences between any of the primed conditions (i.e., expected vs. 

neutral, expected vs. unexpected, neutral vs. unexpected: all ps > .991). 

 

Figure 2.3  

Rate of correct responses (RCR) for the relatedness judgement task (Experiment 1) 

 

 

Note. Rate of correct responses (RCR) for the relatedness judgement task (Exp. 1). White 

dots represent the mean, while horizontal black bars represent the median for each 

condition. The black boxplots indicate the interquartile range and the density functions 

represent the distribution of participant means, with individual scores shaded in grey. 

 

2.2.2.2 Associate Production 

2.2.2.2.1 Word2vec Similarity Analysis 

Following our pre-registration, we analysed the associate production data using word2vec 

similarity analysis. We computed cosine similarity values between participants’ responses to 

target words and the corresponding probe word (the primed meaning aspect). The mean 

cosine similarity scores for each condition are as follows: Expected, 0.288 (SD = 0.202), 

neutral, 0.295 (SD = 0.198), unexpected, 0.279 (SD = 0.208), unprimed, 0.261 (SD = 0.180). 
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There was neither an overall priming (β = 0.072, SE = 0.061, z = 1.176, p = .240), nor an 

expectedness effect (ps > .652).  

 

2.2.2.2.2 Semantic Similarity (Human Raters) 

As an exploratory analysis and following prior studies on word-meaning priming (e.g., Curtis 

et al., 2022; Gaskell et al., 2019), we additionally indexed consistency via human judgement. 

We recruited an independent sample of participants (n = 124) to rate the semantic similarity 

between the associate production responses and the primed meaning aspect (on a scale of 1 to 

10). Each participant rated a subset ranging between 209 to 266 word pairs (depending on 

how many unique responses were provided for each probe word). Consistent with the 

analysis using cosine similarity derived from word2vec, we did not observe a word-meaning 

priming effect using this measure (p = .130), nor an effect of expectedness (ps > .829). The 

mean scores by condition are as follows: Expected, 5.245 (SD = 1.29), neutral, 5.263 (SD = 

1.472), unexpected, 5.215 (SD = 1.50), unprimed, 4.89 (SD = 1.39). 

 

2.2.2.3 Incidental Memory 

2.2.2.3.1 Cued Recall 

The cued recall task showed no effect of condition either (ps >.598), with most participants 

performing at floor, suggesting that this task was too difficult. 

 

2.2.2.3.2 2AFC 

Following our pre-registered analysis, one-sample t-tests showed that participants performed 

above chance in all three conditions in the 2AFC task: Expected, 59.38% (SD = 15.10%), 

neutral, 60.31% (SD = 13.18%), unexpected, 61.56% (SD = 15.13%) (ps <.001). However, 

contrary to our prediction, there were no significant effects of expectedness (ps > .349).  

 

2.2.3 Discussion 

Contrary to our predictions, the results of Experiment 1 showed no evidence of a 

predictability effect on either the strength of word-meaning priming or performance in the 

incidental memory tests. However, the overall priming effect was not significant in our pre-
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registered measures and was only significant when using an exploratory measure combining 

accuracy and reaction times for the relatedness judgement task. Therefore, one explanation 

for the lack of predictability effects is that the current experimental procedure might not have 

been ideally suited to elicit strong priming effects overall, making it difficult to observe what 

are likely to be more subtle effects of predictability on the strength of priming. On the other 

hand, the issue might be that participants were not required to actively predict the sentence-

final target word, and its presentation together with the rest of the sentence may have been 

enough to hinder any predictability effect. To further investigate these possibilities, 

Experiment 2 used a modified design with the goal of improving our chance in detecting 

possible predictability effects as well as observing more robust word-meaning priming.  

 

2.3 Experiment 2 

Experiment 2, which was pre-registered prior to data collection (https://osf.io/8q5tz), 

followed the same design as Experiment 1, with the exception of the following key 

modifications: 

- There was a 5000 ms delay between the presentation of the lead-in sentence and the 

sentence-final target word, enhancing the opportunity for participants to predict the 

final word. 

- Participants were asked to rate how surprised they were upon encountering the 

sentence-final target word (on a scale of 1-10) after every trial of the exposure phase. 

This was intended both to encourage participants to attend to whether the ending was 

unexpected and to allow us to verify that the experimental materials differed in the 

surprisal they elicited (e.g., that the unexpected endings elicit more surprisal than the 

expected and neutral endings, etc.). 

As explained in the Introduction, if word-meaning priming is affected by similar factors 

as have been shown to affect memory in (other) episodic memory paradigms (e.g., Quent et 

al., 2022), then the strength of the word-meaning priming effect should be affected by the 

relative expectedness of the target word, with both highly expected as well as highly 

unexpected items leading to stronger word-meaning priming effects. Therefore, the central 

question remained whether expectedness had an impact on word-meaning priming. As in 

Experiment 1, we also tested the prediction derived from the models of episodic memory 

cited above (e.g., SLIMM) that memory for incidental aspects of the experiment would be 

https://osf.io/8q5tz
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better if these are processed in close temporal proximity to the unexpected input (compared to 

expected or neutral input). A 2AFC test probing memory for incidental aspects of the main 

experiment addressed this hypothesis. We dropped cued recall in Experiment 2 due to low 

performance (floor effects) in the previous experiment. 

 

2.3.1 Methods 

2.3.1.1 Participants 

Ninety-two participants, aged between 18 and 35 years, were recruited online via Prolific and 

paid at the rate of £7 per hour. The recruitment and exclusion criteria were the same as for 

Experiment 1. We had to discard the data from 11 participants in total (six due to their 

performance in the relatedness judgement task, four due to failing the comprehension 

questions in the filler task, and one who failed both of the above), resulting in a final dataset 

of 81 participants (41 female; mean age = 28.22, SD = 4.49) 

 

2.3.1.2 Materials 

The materials were the same as used for Experiment 1, except that four target items (along 

with their sentence triplets) were removed as they elicited the weakest priming effect in 

Experiment 1. This left us with 76 items overall. 

 

2.3.1.3 Procedure 

The procedure remained the same as for Experiment 1, except that in Experiment 2, each 

sentence was first presented without the sentence-final target word, which appeared after a 

delay of 5s underneath the lead-in sentence in the centre of the screen. The delay was 

implemented to ensure participants fully comprehended the preceding sentence and to allow 

them to build up a prediction for the sentence-final word, as they were instructed to do.The 

sentence remained on the screen when the target word was presented. After the target word 

appeared, participants were asked to rate how surprised they were to encounter that word (on 

a scale of 1 to 10). All other tasks remained the same (though note that there was no cued 

recall task in Experiment 2 due to low performance in the first experiment). 
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2.3.1.4 Analysis 

Most aspects of the analyses remain the same as in Experiment 1, with one exception being 

that we pre-registered the RCR measure as our primary analysis for relatedness judgement. 

However, we also pre-registered and conducted exploratory analyses using accuracy and 

reaction time separately in two independent mixed-effect models (for comparison with prior 

studies). For associate production, we decided to drop the word2vec analysis and instead used 

continuous consistency ratings done by third-party raters as our pre-registered measure. 

Additionally, we ran an exploratory analysis using a binary rating scale (not pre-registered). 

 

2.3.2 Results 

2.3.2.1 Relatedness Judgements 

2.3.2.1.1 Rate of Correct Responses (RCR) 

For our confirmatory analysis, we again used the rate of correct responses (RCR) measure to 

assess participants’ performance in relatedness judgement. An ANOVA revealed a significant 

effect of condition, F(3, 320) = 10.65, p < .001. Multiple comparisons using Dunnett 

contrasts showed that all three of the exposure conditions differed significantly from the 

unprimed condition (expected vs. unprimed, p < .001; neutral vs. unprimed, p < .001; 

unexpected vs. unprimed, p = .001). As in Experiment 1, there were no significant differences 

between the primed conditions (i.e., expected vs. neutral: p = .988; expected vs. unexpected: 

p = .496; neutral vs. unexpected: p = .334). The mean RCR values by condition were as 

follows: Expected, 75.99 (SD = 11.54), neutral, 76.46 (SD = 11.81), unexpected, 73.90 (SD = 

10.64), unprimed, 67.59 (SD = 11.02).  
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Figure 2.4 

Rate of correct responses (RCR) in the relatedness judgement task (Experiment 2) 

 

Note. White dots represent the mean, while horizontal black bars represent the median for 

each condition. The black box plots indicate the interquartile range and the density 

functions represent the distribution of participant means, with individual scores shaded in 

grey. 

 

2.3.2.1.2 Accuracy 

Analysis of the relatedness judgement accuracy data showed a significant word-meaning 

priming effect (β = 1.378, SE = 0.621, z = 2.220, p = .026), but no effect of expectancy on 

performance (ps > .447). The mean accuracy rates were 86.96% (SD = 9.35%) in the 

expected condition, 87.69% (SD = 8.62%) in the neutral condition, 85.45% (SD = 8.96%) in 

the unexpected condition, and 81.57% (SD = 10.01%) in the unprimed condition. 
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Figure 2.5 

Accuracy and reaction times in the relatedness judgement task (Experiment 2) 

  

Note. White dots represent the mean, while horizontal black bars represent the median for 

each condition. The black box plots indicate the interquartile range and the density 

functions represent the distribution of participant means, with individual scores shaded in 

grey. 

 

2.3.2.1.3 Reaction Times 

The reaction time data also showed an overall word-meaning priming effect (all primed 

conditions vs. unprimed: β = -0.188, SE = 0.047, z = -4.053, p = <.001), but again, there was 

no evidence of a predictability effect (ps > .269). Mean reaction times in the different 

conditions were as follows: Expected, 683.672ms (SD = 81.078ms); neutral, 679.553ms (SD 

= 81.822ms); unexpected, 687.413ms (SD = 75.382ms); unprimed, 719.835ms (SD = 

85.323ms). 

 

2.3.2.2 Associate Production 

2.3.2.2.1 Continuous Similarity Ratings 

As in Experiment 1 (although now pre-registered), participants’ associate production 

responses were rated by an independent sample of Prolific participants (n = 24) as to how 

closely related they were in meaning to the primed meaning aspect (relatedness judgement 
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probe). There was a non-significant effect in the predicted direction with regard to overall 

word-meaning priming (all primed conditions vs. unprimed, β = 0.674, SE = 0.557, z = 1.246, 

p = .213), but no effect of expectedness. The mean similarity rating for the expected 

condition was 5.379 (SD = 1.469), 5.668 (SD = 1.473) for the neutral condition, 5.396 (SD = 

1.402) for the unexpected condition, and 5.258 (SD = 1.341) for the unprimed condition. 

 

2.3.2.2.2 Binary Ratings 

As an exploratory analysis (not pre-registered), the word pairs (consisting of participants’ 

associate production responses and the corresponding relatedness judgement probe word) 

were rated on a binary scale by the experimenter who was blind to the condition of the items. 

It was judged whether a word pair was semantically related (1) or not (0), i.e., whether or not 

the response provided by participants in the associate production task was consistent with the 

primed meaning aspect. This analysis revealed a strong word-meaning priming effect (β = 

1.612, SE = 0.482, z = 3.344, p < .001), but no expectedness effect (ps > .202). 

To ensure that these rating results were not influenced by the experimenter’s 

familiarity with the experimental stimuli or any other individual factors, all the items were 

rated by an additional rater from outside the research team, using the same binary scale and 

following the same guidelines. Using only the items were both raters were in agreement 

(93.38% of the data) showed the same pattern of results, again revealing a word meaning 

priming effect (β = 0.237, SE = 0.081, z = 2.918, p = .004), but no effect of expectedness (ps 

> .360). 

 

2.3.2.3 Incidental Memory 

2.3.2.3.1 2AFC 

Participants performed above chance in all three conditions (ps < .001, by one-sample t-

tests), with a mean accuracy of 58.97% (SD = 13.78%) in the expected condition, 57.54% 

(SD = 12.70%) in the neutral condition, and 59.86% (SD = 14.55%) in the unexpected 

condition. Similar to the results from Experiment 1, there was no effect of expectedness on 

incidental memory performance as assessed by the 2AFC task (ps > .576).  
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2.3.3 Discussion 

As in Experiment 1, the results of Experiment 2 showed no evidence of a predictability effect 

on word-meaning priming. Likewise, the relative expectedness of the target word did not 

influence participants’ performance in the incidental memory test either. In contrast to 

Experiment 1, however,  the overall priming effect was robust across all but one of the tasks 

assessing priming. While the continuous similarity ratings of the associate production task 

did not reveal any effects, the binary ratings completed by two independent experimenters 

showed a strong priming effect. Note that using binary ratings (completed either by the 

experimenters as here or in Gaskell et al., 2019, or Rodd et al., 2013, or by the participants as 

in Rodd et al., 2016) is the norm in word-meaning priming studies. 

 While the design changes in Experiment 2 seem to have produced a stronger word-

meaning priming effect, there was no evidence of a predictability effect in any task. 

Speculatively, one reason for the absence of expectedness effects might be that the previous 

two experiments did not include a delay interval during which the episodic memory trace 

established during the exposure phase could be consolidated. In other words, perhaps the 

influence of predictability on word-meaning priming is too subtle to be observed at 

immediate test, but may emerge after an opportunity for offline memory consolidation (e.g., 

during overnight sleep; Rasch & Born, 2013). Therefore, highly unexpected target words 

(which are presumed to be maximally reliant on the hippocampus for encoding due to the 

predictions errors experienced when they are processed; van Kesteren et al., 2013) might 

show stronger word-meaning priming effects than neutral target words after a delay interval 

including sleep, but not necessarily at immediate test or after a delay filled with wakefulness. 

We therefore ran a third experiment using a sleep/wake design with a 12-hour consolidation 

interval. 

 

2.4 Experiment 3 

Experiment 3 (https://osf.io/8nw6k) was intended to follow up on the previous two 

experiments and to examine the effects of semantic predictability and sleep on word-meaning 

priming and incidental memory. The design and procedure for Experiment 3 was the same as 

for Experiment 2, except for the following changes: 

https://osf.io/8nw6k
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- There was a 12-hour delay between the exposure and the test phases, which were 

separated either by overnight sleep or wakefulness. Half of the participants completed 

the exposure phase between 8-10am in the morning and the tests between 8-10pm at 

night (Wake group), whereas the other half completed the exposure phase between 8-

10pm at night and did the tests the following morning between 8-10am (Sleep group). 

Note that it was no longer necessary to include a filler task after the exposure phase 

due to the longer delay. 

 

- The number of within-subjects conditions was reduced to three, retaining the Neutral, 

Unexpected, Unprimed conditions. We did not include an Expected condition i) to 

increase power, ii) because the Expected and Neutral conditions showed a comparable 

pattern of results in previous experiments, and iii) because the critical prediction with 

regard to an influence of sleep on how expectedness may affect word-meaning 

priming concerned the Unexpected condition (but not necessarily the Expected 

condition; van Kesteren et al., 2013). 

 

Using the same reasoning as for the two previous experiments, if word-meaning 

priming is affected by factors that have been shown to affect memory in (other) episodic 

memory paradigms, then the strength of the word-meaning priming effect should be affected 

by the relative expectedness of the target word. Moreover, we expected these effects to be 

larger after a delay interval including sleep, due to the increased opportunity for hippocampal 

memory consolidation during sleep, which should strengthen the episodic memory traces that 

are assumed to be encoded during sentence exposure. 

As in Experiments 1 and 2, we again tested whether memory for incidental aspects of 

the experiment would be better if these are processed in close temporal proximity to 

unexpected input (compared to neutral input). We used the same 2AFC test from Experiments 

1 and 2. Again, we expected these effects to be stronger after sleep, assuming that they would 

rely on hippocampal memory traces. 
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2.4.1 Methods 

2.4.1.1 Participants 

The exclusion criteria were the same as for Experiments 1 and 2, but our power analysis 

(based on Brysbaert et al., 2017) indicated that we needed 60 participants in each group to 

ensure our mixed-effects modelling approach was adequately powered (resulting in 120 

participants overall). We recruited participants via Prolific using a random allocation 

approach (i.e., participants signed up for the study and were then randomly allocated to either 

the Sleep or the Wake group; see Mak, 2024). We recruited participants until we reached 60 

complete datasets per group, along the way excluding participants who did not come back to 

the second part during the specified time frame, or who started the first part outside of that 

time frame. Of those who completed both parts at the designated times, we discarded 12 

datasets (all due to their performance in the relatedness judgement task; recall that there was 

no filler task in this design, hence there were no exclusions due to failing the comprehension 

questions associated with that task, cf. Exp. 1 and 2). Our final sample consisted of 60 

participants in the Sleep group (35 female; mean age = 25.08, SD = 3.92) and 60 participants 

in the Wake group (38 female; mean age = 24.7, SD = 4.61).  

 

2.4.1.2 Materials 

The materials were the same as those in Experiment 2, except that one further item was 

removed in order to fully balance the allocation of items to lists in this new design. There 

were thus 75 items (with 25 in each of the Neutral, Unexpected, and Unprimed conditions). 

 

2.4.1.3 Design 

Experiment 3 consisted of a mixed design with one within-subjects factor (Priming) which 

had three levels (Neutral, Unexpected, Unprimed), and one between-subjects factor (Delay) 

which had two levels (overnight sleep vs. daytime wakefulness). 

 

2.4.1.4 Procedure 

This online experiment was split into two parts (exposure and test phases) which were 

separated by 12 hours either spent awake or asleep. Those in the Wake group completed the 
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sentence exposure phase in the morning (8-10AM) and returned to complete the test phase 

(consisting of the relatedness judgement task, associate production task, and incidental 

memory tests) in the evening (8-10PM) on the same day, whereas the other half of the 

participants completed the sentence exposure phase in the evening (8-10PM) and returned to 

complete the tests the following morning (8-10AM). Note that due to the online nature of this 

experiment, all participants completed the study unsupervised and at a location of their own 

choosing. Despite this, prior work from our group has used this online procedure, 

successfully detecting sleep-related memory effects, such as a post-sleep benefit in free (Mak, 

O’Hagan, Horner & Gaskell, 2023) and cued recall (Ashton & Cairney, 2021; Mak, Curtis, 

Rodd, & Gaskell, 2024) 

 

2.4.1.5 Analysis 

As in the previous experiments, the RCR measure was analysed using an ANOVA, and where 

appropriate, Dunnett contrasts were run to compare each of the primed conditions to the 

unprimed condition. Associate production and incidental memory (2AFC) were analysed 

using binomial generalised linear mixed-effects models with correct responses coded as 1 and 

incorrect responses coded as 0. A mixed-effects logistic analysis was run using a model with 

one effect-coded between-participants independent variable, Group (Sleep vs. Wake). Within 

participants, the independent variable Priming had three levels (Neutral, Unexpected, 

Unprimed), coded using orthogonal Helmert contrasts to compare (i) the Unprimed condition 

vs. the two Primed conditions (OverallPriming), and (ii) the two primed conditions with each 

other (BetweenPriming). The model building process was the same as in Experiments 1 and 

2. 

  

2.4.2 Results 

2.4.2.1 Relatedness Judgements 

2.4.2.1.1 Rate of Correct Responses (RCR) 

The RCR values were as follows: Sleep – neutral, 73.60 (SD = 13.96); sleep – unexpected, 

72.64 (SD = 12.77); sleep – unprimed, 70.39 (SD = 12.17); wake – neutral, 72.75 (SD = 

13.71); wake – unexpected, 71.79 (SD = 13.29); wake – unprimed, 72.30 (SD = 13.37). 

Submitting these RCR values to a mixed 3 (Priming) x 2 (Group) ANOVA yielded no 
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significant effects or interactions (all ps > .318), suggesting that in the relatedness judgement 

task, there were no significant differences between the different priming conditions (based on 

the level of expectedness) and the two groups (sleep vs. wake). 

 

2.4.2.1.2 Accuracy 

In a pre-registered subsidiary analysis, we looked at the accuracy and response times 

separately (for comparability with previous work). Mean accuracy scores across the groups 

and conditions were as follows: Sleep – neutral, 86.82%; sleep – unexpected, 86.11%; sleep – 

unprimed, 83.17%; wake – neutral, 84.88%; wake – unexpected, 84.86%; wake, unprimed, 

82.75%. A mixed-effects analysis showed no significant effects or interactions, consistent 

with the RCR analysis.   

 

2.4.2.1.3 Reaction Times 

Participants’ mean reaction times in the relatedness judgement task were as follows: Sleep – 

neutral, 701.22ms; sleep – unexpected, 722.63ms; sleep – unprimed, 725.75ms; wake – 

neutral, 708.49ms; wake – unexpected, 710.20ms; wake – unprimed, 721.16ms. A mixed-

effects analysis revealed a small but significant effect of Priming (neutral and unexpected vs. 

unprimed), with the primed conditions showing faster reaction times than the unprimed 

condition (β = 0.013, SE = 0.006, z = 2.349, p = .018). There were no other significant effects 

or interactions. 

 

2.4.2.2 Associate Production 

2.4.2.2.1 Binary Ratings 

The means for the binary ratings of the associate production responses were as follows: Sleep 

– neutral, 45%; sleep – unexpected, 44%; sleep – unprimed, 39%; wake – neutral, 47%; wake 

– unexpected, 45%; wake – unprimed, 37%. A mixed-effects analysis showed a marginally 

non-significant effect of Priming (neutral and unexpected vs. unprimed), with the primed 

conditions showing higher consistency ratings than the unprimed condition (β = 0.098, SE = 

0.056, z = 1.762, p = .078). However, this effect was qualified by a significant interaction of 

Priming and Group, with greater priming in the Wake than the Sleep group (β = 0.090, SE = 
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0.043, z = 2.102, p = .034). Follow-up comparisons using the emmeans package revealed a 

significant difference between the Neutral and Unprimed conditions in the Wake group only 

(p = .015; adjusted for multiple comparisons using the Tukey method). There were no other 

significant effects. 

 

2.4.2.3 Incidental Memory 

2.4.2.3.1 2AFC 

The mean accuracy values were as follows: Sleep – neutral, 51.73% (SD = 12.63%); sleep – 

unexpected, 51.50% (SD = 13.11%); wake – neutral, 54.34% (SD = 11.64%); wake – 

unexpected, 55.19% (SD = 14.24%). The mixed-effects model using the 2AFC task data 

yielded no significant effects or interactions (all ps > .458), and follow-up analyses revealed 

that none of the conditions was above chance by one-sample t-test (all ps > .271). The chance 

performance in this experiment is in contrast to the above-chance performance in experiments 

1 and 2, suggesting that memory for these incidental details decays rather rapidly, being only 

observable after a short delay of about 30 minutes but not after a 12-hour interval. 

 

2.4.3 Discussion 

The results of Experiment 3 showed a small  word-meaning priming effect in the RT data 

from the relatedness judgement task (with differences between the primed and unprimed 

conditions), but these differences did not emerge in the accuracy data or the combined RCR 

measure (which was the primary, pre-registered outcome measure). There was no effect of 

predictability in any of the three measures. The associate production task showed effects of 

priming in both groups (Sleep and Wake), but again none of the hypothesised effects of 

predictability emerged. Memory performance in the 2AFC task was at chance in all 

conditions, with no differences between the conditions or groups. 

Experiment 3 is thus the third experiment to show no evidence of predictability effects 

on word-meaning priming or incidental memory across a range of tasks and measures. One 

final possibility to test is whether this absence of expectedness effects was due to our 

sentences being semantically congruent (even though the sentence-final words are highly 

unexpected and the overall meaning of the sentences is surprising or odd). It is possible that 

predictability effects only emerge when the linguistic input is sufficiently unexpected to the 
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point of being semantically incongruent. Experiment 4 was designed to test this possibility by 

assessing whether we would observe effects of predictability on incidental memory if the 

sentence-final target word is semantically incongruent with the rest of the sentence (i.e., if 

incongruency is required to observe a prediction error effect). Note that word-meaning 

priming can no longer be tested with this new incongruent condition because having an 

incongruent sentence ending changes the meaning of the sentence and results in the critical 

sentences no longer ending in the same final word. This means that the critical comparison 

between the effects of encountering a certain word in a specific context vs. not encountering 

it at all becomes impossible, since the sentence-final word in each sentence group will be 

different depending on which condition it appears in. We have opted for this compromise 

because we reasoned that this should be a blunter measure to elicit predictability effects, 

considering that all previous studies showing effects of predictability have used rather simple 

memory tests (rather than semantic judgements as used in the tests assessing word-meaning 

priming). 

 

2.5 Experiment 4 

Experiment 4 (https://osf.io/tg8fp) was an incidental memory study that included an 

additional 'incongruent' condition, featuring sentences in which the sentence-final word was 

semantically incongruent with the preceding context. (e.g., “While Hannah enjoyed the 

symphony orchestra’s performance, she was concerned about the fact that her ears were still 

ringing from last night’s spectacular pumpkin.”). These incongruent sentences were 

constructed by taking all but the final word of the expected sentences and adding an 

incongruent ending, with the incongruent and expected/neutral/unexpected sentence-final 

words matched on a number of variables known to affect linguistic processing (number of 

letters, lexical frequency, imageability, and concreteness). The unexpected condition 

describes events that are unlikely to occur in real life, but these events do not violate any laws 

of physics or common sense (e.g., “Each Bonfire Night, Hannah is concerned about the ear-

piercing bangs caused by the spectacular concert.”). In contrast, sentences in the incongruent 

condition describe events that are highly unrealistic and difficult to picture  (i.e., it is very 

difficult to imagine a scenario in which a pumpkin could somehow cause someone’s ears to 

ring for several hours). Memory was assessed a) for the sentence-final word using an old/new 

recognition test as well as b) for the adjective immediately preceding the sentence-final word 

https://osf.io/tg8fp
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using a cued recall test, which was designed to test memory for contextual details 

surrounding the expected/neutral/unexpected/incongruent sentence ending. 

 

2.5.1 Methods 

2.5.1.1 Participants 

The recruitment criteria were the same as for Experiments 1 to 3. No datasets were excluded 

based on our pre-registered exclusion criteria. Our final sample, recruited via Prolific, 

consisted of 80 participants as pre-registered (37 female; mean age = 28.83, SD = 4.24).  

 

2.5.1.2 Materials 

The materials for Experiment 4 consisted of 72 items from Experiment 3, plus an additional 

Incongruent condition (as explained above). The stimuli from the previous experiments were 

also amended slightly so that all the sentences in what used to be an item triplet (now quartet) 

contained the same adjective immediately preceding the sentence-final word. This was 

necessary to ensure that the cued recall memory test (described below) was not biased in 

terms of some items potentially being easier to recall than others. 

 

2.5.1.3 Procedure 

Participants first completed the sentence exposure phase (as in Experiments 2 and 3) as well 

as the short filler task (as described for Experiment 1). After that, they moved onto the test 

phases. They first completed an old/new recognition test, where they were presented with the 

72 target words from the exposure phase as well as 72 unseen words (36 of which were lure, 

i.e., the words that were expected but not encountered in the Unexpected and Incongruent 

conditions; and the other 36 being control words that were not predicted and that were 

unrelated to any of the encountered or expected words). Participants were asked to judge 

whether they recognised the word from the exposure phase by pressing a button on their 

keyboard (F = Old/Recognise, J = New/Don’t recognise). They were given unlimited time to 

respond and moved onto the next trial once they submitted their response. 

  The second memory test consisted of a fill-in-the-blank task (cued recall), where 

participants were presented with the 72 sentences from the exposure phase, with the adjective 
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preceding the sentence-final word blanked out. They were asked to recall that adjective by 

typing it in, again with no time limit. They moved on to the next trial by submitting their 

response using the “Return” key. 

 

2.5.1.4 Analysis 

For the recognition test, there was one measured variable: Accuracy (coded as a binary 

variable, 1 - correct vs. 0 - incorrect), i.e., whether or not participants were able to correctly 

accept or reject the test words depending on whether or not they have encountered them in 

the exposure phase (i.e., to correctly rate them as ‘old’ or ‘new’). For incidental memory 

recall (fill-in-the-blank), there was also one measured variable: Accuracy (coded as a binary 

variable, 1 - correct vs. 0 - incorrect), i.e., whether or not participants are able to accurately 

recall the unrelated adjective that preceded the sentence-final word presented during the 

exposure phase. The models were fitted as explained in the preceding experiments above. 

To address our hypothesis regarding the pattern of performance expected in the 

recognition test, where we expected both the Expected as well as the Unexpected and 

Incongruent conditions to show better memory than the Neutral condition (i.e., we predicted a 

U-shaped function of memory against expectedness; Quent et al., 2022), we used treatment 

coding using the Neutral condition as the baseline, to which all three other conditions were 

compared. The Expected-Neutral, Unexpected-Neutral, and Incongruent-Neutral contrasts 

would have to be significant (in the predicted direction) in order for the results to constitute 

evidence for the experimental hypothesis. As a subsidiary analysis, we pre-registered to use 

the emmeans package to compare the Unexpected and the Incongruent conditions with each 

other. 

For cued recall (fill-in-the-blank), we predicted better memory for contextual details 

that were processed in close proximity to unexpected and incongruent sentence-final words 

(i.e., a prediction error-driven memory boost, as hypothesised by the SLIMM model; van 

Kesteren et al., 2013). Therefore, we wanted to separately compare both the Unexpected and 

the Incongruent conditions to the combined Neutral and Expected conditions (no difference 

was expected between these latter two conditions, hence why they were pooled to minimise 

the number of comparisons made). Additionally, we wanted to compare the Unexpected and 

Incongruent conditions with each other to test for potential differences between them (there 

was no hypothesis as to how these might differ). If at least one of the two Neutral+Expected 
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vs. Unexpected/Incongruent contrasts is significant, this would constitute evidence for the 

experimental hypothesis. 

 

The following hypothesis matrix was used, from which custom contrasts were derived 

via the generalised inverse for inclusion in the mixed effects models (see Schad et al., 2020): 

 

Coefficients in the hypothesis matrix for the incidental memory test: 

● Neutral and Expected vs. Unexpected: 

[Expected = -1, Neutral = -1, Unexpected = 2, Incongruent = 0] 

● Neutral and Expected vs. Incongruent: 

[Expected = -1, Neutral = -1, Unexpected = 0, Incongruent = 2] 

● Unexpected vs. Incongruent: 

[Expected = 0, Neutral = 0, Unexpected = -1, Incongruent = 1] 

 

This resulted in the following contrasts in the contrast matrix (derived using the 

generalised inverse with the ginv2 function in R; Schad et al., 2020): 

● Neutral and Expected vs. Unexpected: 

[Expected = -0.125, Neutral = -0.125, Unexpected = 0.292, Incongruent = -0.042] 

● Neutral and Expected vs. Incongruent: 

[Expected = -0.125, Neutral = -0.125, Unexpected = -0.042, Incongruent = 0.292] 

● Unexpected vs. Incongruent: 

[Expected = 0, Neutral = 0, Unexpected = -0.167, Incongruent = 0.167] 

 

As for the previous experiments, each model contained the random effects of Participant 

and Item, with the most parsimonious random effects structure determined via buildmer 

(Voeten, 2021).  

 

 

2.5.2 Results 

2.5.2.1 Old/New Recognition 

Performance in the old/new recognition memory test is shown in Figure 6 below (left panel). 

The mean accuracy values for each condition were as follows: Expected, 81.85% (SD = 
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14.10%); Neutral, 83.88% (SD = 13.94%); Unexpected, 81.98% (SD = 3.67%); Incongruent, 

71.01% (SD = 13.67%). The mixed-effects model revealed a significant difference between 

the neutral and the incongruent conditions (β = 0.745, SE = 0.153, z = 4.876, p <.001), but not 

between the neutral baseline and either of the other conditions (ps > .258). However, notably, 

this effect was in the opposite direction to our hypothesis, with the incongruent words being 

recognised significantly less accurately than the neutral ones.  

 

2.5.2.1 Fill-in-the-Blank (Cued Recall) 

Participants’ performance in the fill-in-the-blank task (cued recall) is shown in the right panel 

of Figure 6. The mean scores for each condition were as follows: Expected, 31.51% (SD = 

14.46%); Neutral, 34.28% (SD = 16.85%); Unexpected, 30.95% (SD = 15.19%); Incongruent, 

20.07% (SD = 13.88%). As in the recognition test, the incongruent condition showed 

significantly lower mean values compared to the neutral condition (β = 1.065, SE = 0.285, z = 

3.742, p <.001), again contrary to our hypothesis derived from current models of episodic 

memory.  

 

Figure 2.6 

Accuracy in the old/new recognition task (left) and the cued recall task (right) in Exp. 4 

  

Note. White dots represent the mean, while horizontal black bars represent the median for 

each condition. The black boxplots indicate the interquartile range and the density functions 

represent the distribution of participant means, with individual scores shaded in grey. 
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2.5.3 Discussion 

Experiment 4 showed that, contrary to our hypotheses, there was no memory benefit for 

either the Expected, Unexpected or Incongruent condition. In fact, items presented in the 

Incongruent condition were remembered significantly worse than those presented in the other 

three conditions (which did not show any between-condition differences). This result is 

perhaps less surprising in the fill-in-the-blank recall test, where the Expected, Neutral, and to 

a lesser extent also the Unexpected condition could have benefitted from context at test by 

providing a more reasonable basis for guessing as to what the missing adjective was. It would 

have been harder to do so in the Incongruent condition, and this alternative explanation may 

partially account for the pattern seen in the recall test.  

In the old/new recognition test, however, an explanation invoking a benefit of context 

at test is not applicable, as the critical sentence-final words as well as the foils were presented 

one-by-one without any context. It is therefore reasonable to assume that in the Incongruent 

condition, encoding was impaired, rather than the effect simply being due to a lesser benefit 

from context at test. One highly speculative explanation for this is that the lack of plausibility 

in the Incongruent condition may have led the language system to essentially consider the 

final word as a mistake, or in any case less useful information with regard to future 

comprehension demands. It might not have made sense to store these highly implausible 

words/sentences, as it is unlikely that future language input is equally implausible, and 

updating the system by preferentially encoding these highly unusual word usages might not 

be beneficial. 

 

 

2.6 General Discussion 

In four pre-registered experiments, we assessed the effect of contextual predictability on 

word-meaning priming and incidental memory for language, aiming to shed light on the role 

of general episodic memory processes in language comprehension and lexical-semantic 

updating. This was prompted by recent research that has accumulated evidence for an 

important role of episodic memory in supporting optimal language comprehension (e.g., 

Gaskell et al., 2019; Curtis et al., 2022; Mak et al., 2023). Building on these prior studies, we 

reasoned that if lexical-semantic updating is supported by episodic memory processes, one 

way to further test this hypothesis is by looking to results from other episodic memory 
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paradigms and neurocognitive models of episodic memory, with the aim of testing whether 

factors known to influence episodic memory in other paradigms might also influence lexical-

semantic updating. One of these factors is the relative predictability of an incoming stimulus, 

with research showing that both highly expected as well as highly unexpected input is 

remembered better than input of intermediate expectedness (e.g., van Kesteren et al., 2013; 

Quent et al., 2021, 2022; Greve et al., 2017, 2019). Detecting effects of predictability on the 

strength of word-meaning priming would provide evidence that episodic memory not only 

supports the encoding of novel stimuli and associations, but that it also underpins the 

updating of stored word meanings or meaning aspects by encoding a memory trace of the 

comprehended meaning that is bound to the context it was experienced in (as predicted by the 

episodic context account; Gaskell et al., 2019; Curtis et al., 2022). 

            Contrary to our hypotheses, we found no effect of predictability on word-meaning 

priming in any of our experiments. In Experiment 1, we found a small word-meaning priming 

effect in one of our exploratory measures, but no predictability effect in any tasks assessing 

priming or incidental memory. In Experiment 2, we refined our experimental design and 

found a more robust word-meaning priming effect, but again found no evidence of a 

predictability effect in either word-meaning priming or incidental memory for language input 

(even though participants’ performance was well above chance in the memory test). To assess 

whether a consolidation period is needed for a predictability effect to emerge, we conducted a 

third experiment using a wake/sleep design with a 12-hour delay interval between exposure 

and test. While Experiment 3 showed a small word-meaning priming effect across both wake 

and sleep in some measures, there was no effect of predictability on participants’ performance 

in any of the tasks assessing word-meaning priming. In contrast to the preceding two 

experiments that involved a much shorter delay, in this third experiment, participants in both 

the wake and sleep groups performed at chance in the incidental memory test, suggesting that 

incidental linguistic information on the surface-level (cf. Kintsch et al., 1990) is not retained 

and not preferentially consolidated over the course of this longer delay, but rather decays 

somewhat rapidly after initial exposure. Finally, we wanted to check whether the absence of 

predictability effects in our first three experiments might be due to our unpredictable items 

still being semantically congruent (note, though, that this would only explain the absence of 

prediction error effects for unexpected items, but not the lack of schema effects for expected 

items). Experiment 4, while unable to address word-meaning priming since the meaning of 

sentences differed between conditions, tested whether the expected effect of better memory 
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for unpredictable information might emerge if the sentence-final target word is semantically 

incongruent with the rest of the sentence (i.e., not only unexpected). Contrary to our 

hypotheses, the only significant effect we detected was that incongruent items showed worse 

memory across both recognition and (cued) recall memory tests, with no effects in the 

predicted direction. 

            Based on the four experiments presented here, we conclude that contextual 

predictability does not substantially influence word-meaning priming. Of course, it should 

first be noted that a null effect is not necessarily evidence for the null hypothesis. However, 

across the full set of experiments and all the different tests that were used to probe this 

question, there is reasonable confidence that if there is an effect of predictability on word-

meaning priming, it must be relatively weak and inconsequential. We suggest it might be 

more productive to think about the implications of the results reported here if we assume that 

any predictability effects that may exist in the form hypothesised here are theoretically 

negligible. In the remainder of this Discussion, we will present four possible explanations for 

the null results reported here and discuss what the implications of each are with regard to the 

cognitive architecture of the language system.  

The first (and perhaps most obvious) explanation is that episodic memory may have a 

lesser role to play in lexical-semantic updating than predicted by the episodic context account 

(Gaskell et al., 2019). Perhaps we did not detect any effects of predictability because the main 

mechanism supporting word-meaning priming is not susceptible to the relative expectedness 

of incoming language input due to it not being underpinned by episodic memory. In the paper 

that originally proposed the episodic context account based on data that showed a protective 

effect of sleep on word-meaning priming, Gaskell et al. (2019) discussed the possibility of 

their findings being the result of an interplay between immediate neocortical changes in a 

connectionist network with consolidation at a much more local level, as explained by the 

synaptic homeostasis hypothesis (SHY; Tononi & Cirelli, 2014), rather than due to systems 

consolidation involving the transfer of information from the hippocampus (or episodic 

memory system, in cognitive terms) to the neocortex (established lexical knowledge). 

Applying SHY to the word-meaning priming paradigm, the updating process taking 

place after encountering a subordinate meaning (aspect) of a given (ambiguous or non-

ambiguous) word consists of the strengthening of the cortical synapses that relate to the 

comprehended meaning of that word. If there is an opportunity for sleep soon afterwards, 
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then the synaptic downscaling that occurs during sleep will protect the recently strengthened 

connection related to the encoding of the previously comprehended meaning while 

simultaneously downscaling or weakening the synapses that were not involved in the 

representation of that meaning (i.e., those that may be used to represent the other, less 

recently comprehended meaning). The result of this downscaling process is a less noisy 

representation of the recently activated meaning, which should enhance its retention. This 

account would be able to explain the previously reported benefits of sleep over wake in 

maintaining word-meaning priming (Gaskell et al., 2019), while not requiring the recruitment 

of a second system (i.e., the episodic memory system involving the hippocampus) to support 

this. 

One problem with this account is that it is not straightforward to explain the 

previously documented pattern of decay of word-meaning priming during wake (Rodd et al., 

2016), which was one of the main features that prompted Gaskell et al. to hypothesise the 

involvement of the episodic memory system. According to SHY, plasticity should decrease 

throughout the day, so we should expect to see less plasticity several hours after learning 

compared to a few minutes after learning (unless there was an opportunity for sleep). This 

means that it is difficult to see why recent cortical memories should be more easily lost than 

older memories, which was the pattern of results reported in Rodd et al. (2016). Thus, while 

this kind of mechanism would have no difficulty explaining why predictability does not seem 

to affect word-meaning priming as it does not assume the involvement of the episodic 

memory system, supplementing the immediate alteration account with SHY does not offer an 

entirely satisfactory explanation for the pattern of results seen in previous research (e.g., 

Gaskell et al., 2019; Rodd et al., 2016). While it is certainly too early to definitively rule out a 

mechanism that combines immediate alteration of lexical-semantic connections with the 

subsequent strengthening of those cortical synapses, there are a number of other explanations 

that could account for the pattern of results reported in this paper as well as in previous 

research which are worth considering and which we will turn to below. 

One of these alternatives, our second explanation, is that predictability-dependent (or 

prediction error-based, in the case of unexpected information specifically) updating is not the 

dominant form of learning within the episodic pathway of the language system. This does not 

(necessarily) mean that mechanisms of prediction do not operate during language processing 

(see e.g., Ryskin & Nieuwland, 2023, for a review), but rather that perhaps the consequences 
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of confirmed or disconfirmed predictions are not fed back to affect longer-term learning 

and/or to affect predictions in the future. Put differently, it could be that linguistic prediction 

is useful for and affects perception (e.g., by facilitating the processing of expected input and 

heightening the sensitivity to unexpected input; Press, Kok, & Yon, 2020), but it might not 

influence learning. While most traditional connectionist/neural network approaches to 

modelling language processing incorporate prediction error-driven learning (e.g., Elman, 

1990; Rabovksy & McRae, 2014), the input to these models has so far mainly consisted of 

small datasets, and a systematic investigation of how well different instantiations of these 

models (with different parameters and potentially very different downstream consequences) 

fit with human behavioural and neural data is still outstanding (see Ryskin & Nieuwland, 

2023, for further discussion of this issue). While one recent study suggests that because 

predicting upcoming language input can in some cases be rather costly (in terms of how it 

affects processing times), perhaps the benefit of prediction for language comprehension lies 

in its contribution to learning or to the updating of one’s expectations (Bannon, Gollan, & 

Ferreira, 2024). However, there is some evidence to suggest that the reach of violated 

predictions is indeed rather limited. A previous study looking more directly at the 

consequences of (mis)predictions found no differences in event-related potentials (ERPs) 

between the processing of words that were mispredicted three sentences earlier and those that 

were not (Lai et al., 2017), although other measures may yet be more sensitive to pick up 

relevant differences (though see also Nieuwland et al., 2018, 2020). Thus, while it seems 

intuitive that if predictions are made in service of language processing, the outcomes of these 

predictions should be able to affect longer-term memory so as to improve future predictions 

(regardless of whether such a process would involve the episodic memory system or be 

computed locally within the language network), this assumption has yet to be systematically 

tested. 

However, even if we assume that prediction error-based updating is available as a 

form of (long-term) learning within the language system, it remains unclear how often such a 

mechanism would be triggered. Our third explanation starts out by considering that there 

seem to be important differences in the predictability distribution of language compared to 

the visual world that may be relevant for the interpretation of the current set of results. 

Specifically, incrementally working through a sentence will often allow only very weak 

predictions to be formed (cf. Luke & Christianson, 2016), so small prediction errors may be 

the norm. This would make prediction errors not very useful cues to use to prioritise certain 
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memory traces and subsequently update stored knowledge. In contrast, some of the previous 

visual experiments have featured several highly predictable objects, which would make 

unpredictability a more useful cue. The data from memory experiments which have prompted 

the development of models of memory such as SLIMM (van Kesteren et al., 2013) have 

without exception (to our knowledge) used visual input consisting of images or virtual reality 

environments. It is well established at this point that the visual system makes use of a 

sophisticated predictive coding architecture that passes prediction error signals down the 

cortical hierarchy from upper to lower levels in order to optimise future predictions and 

perception (see Rao & Ballard, 1999, for an early paper demonstrating predictive coding in 

the visual system). However, it is unclear whether and under what circumstances linguistic 

input would be sufficiently surprising so as to trigger a prediction error big enough to elicit 

subsequent changes in stored linguistic knowledge over and above those observed in previous 

word-meaning priming experiments (e.g., Rodd et al., 2013, 2016; Gilbert et al., 2018). 

Finally, our fourth explanation is the further consideration that even if we assume that 

the linguistic content of the experiments reported here were able to elicit prediction errors 

strong enough for error signals to be fed back down from higher (semantic) to lower (lexical) 

levels of the linguistic hierarchy, these prediction errors might be operating on the wrong 

level of this hierarchy. It is possible that the materials used here elicited predictions (and, in 

the unexpected condition, prediction errors) on the word-form/lexical rather than the 

sentence-meaning/semantic level. This is potentially problematic since word-meaning 

priming is likely to operate on the level of the overall sentence meaning, considering it relies 

on words being comprehended in their contextually appropriate meaning. For instance, Curtis 

et al. (2022) showed that replacing a target word with a semantically similar word still leads 

to priming effects, although they are somewhat smaller. This suggests that the kinds of 

episodic memory traces that support word-meaning priming must be quite abstract (see also 

Mak et al., 2023). Therefore, the predictability variations in Experiments 1-3 might have been 

too focused on the word-form level to show effects on word-meaning priming. In other 

words, having a misprediction on the word level might not be able to affect the memory trace 

that includes sentential context (which we assume is required to support word-meaning 

priming effects). Even in the incongruent condition in Experiment 4, which did not test word-

meaning priming but only incidental memory for the encountered input, there may have still 

been enough preceding context whose interpretation remained unaffected by the sentence-

final word. This may be especially the case if we consider our speculative suggestion above 
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that the final word may not have been particularly well encoded due to being semantically 

incongruent, and therefore unlikely to be helpful evidence by which to retune the language 

system (e.g., to add new usage information to a certain lexical entry). Therefore, our 

manipulation might not have been able to trigger better encoding of the type of abstract 

episodic memory that was subsequently used to update the stored word meaning. 

The results from the four pre-registered experiments reported here show that the 

relative predictability of linguistic input does not meaningfully affect lexical-semantic 

updating (as assessed in the word-meaning priming paradigm) or incidental memory for that 

material (as assessed via 2AFC, cued recall, and recognition memory tests), which is contrary 

to our hypotheses. While our hypotheses were guided by previous results from visual 

episodic memory paradigms, we would argue that there are important differences between the 

predictability distribution of the visual world and language that are likely to affect how the 

relative predictability of incoming stimuli affects episodic encoding. Furthermore, we believe 

that our predictability manipulation was too focused on the word-form level to be able to 

affect the rather more abstract episodic memory traces that seem to support word-meaning 

priming (Curtis et al., 2022; Mak et al., 2023). Taken together, our findings place constraints 

on the workings of the proposed episodic pathway of the language system, but they do not 

necessarily rule out the episodic context account (Gaskell et al., 2019) as a mechanism 

supporting language comprehension and lexical-semantic updating.  
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Chapter 3: The Effect of Lexical Ambiguity on 

Memory – An EEG Study 
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Abstract 

Processing lexically ambiguous words involves the transient activation of all meanings 

known to the comprehender. While behavioural and event-related potential studies have 

mapped out the time course of this process, the neural oscillations underpinning the activation 

and later inhibition of multiple word meanings remain understudied. It is similarly unclear 

how the activation of multiple meanings affects subsequent memory for language input. I 

used electroencephalography (EEG; n = 42) to investigate which neural oscillations 

supported processing of high ambiguity (multiple meanings), low ambiguity (one primary 

meaning) and incongruent (semantically anomalous) words in sentential contexts. I focussed 

on theta and alpha/beta oscillations, which have been implicated in lexical-semantic 

processing, lexical access and memory encoding. I hypothesised that increased theta and 

decreased alpha/beta power would be linked to better memory and support the processing of 

high ambiguity and incongruent words, with the latter placing higher demands on lexical 

access processes than low ambiguity words. Behavioural analyses showed better memory for 

incongruent compared to high ambiguity words, suggesting that activating multiple meanings 

negatively affects memory for the encountered word. Partially confirming my hypotheses, I 

observed an increase in power in the theta band for the incongruent condition. Moreover, 

alpha/beta desynchronisation supported the processing of lexically ambiguous and 

incongruent endings, potentially by inhibiting alternative meanings. Contrary to my 

hypothesis, I found no links between either theta nor alpha/beta oscillations and subsequent 

memory. Overall, my findings suggest that activation of multiple meanings during the 

processing of ambiguous words affects subsequent memory for the encountered word forms, 

and point to an important role for alpha/beta oscillations in the processing of lexically 

ambiguous and semantically incongruent information. 

 

 

Keywords: Lexical-Semantic Ambiguity, Memory, Language Comprehension, Neural 

Oscillations, Electroencephalography (EEG)  
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3.1 Introduction 

Language features ambiguity at several linguistic levels, including sound, structure, and 

meaning. In English, one very common type of ambiguity concerns the meaning of individual 

words, whereby a single word form (e.g., ‘bark’) can refer to several distinct concepts (e.g., 

the sound that a dog makes vs. the outer covering of a tree) depending on its surrounding 

context. Words that are ambiguous in that they have more than one distinct meaning are 

commonly referred to as displaying ‘lexical ambiguity’ (Rodd, 2018). Many English words 

are lexically ambiguous and have more than one dictionary entry, and over 80% of common 

words have multiple senses (here, the term ‘sense’ is used to refer to a more systematic type 

of ambiguity, e.g., ‘run’ can be used to mean several distinct but related things in different 

contexts; Rodd, Gaskell, & Marslen-Wilson, 2002). However, when listeners or readers 

comprehend language during conversation and when reading texts, they do not routinely 

struggle to disambiguate the words they encounter, and most of the time, the alternative 

possible meanings for a given word are not even noticed; instead, comprehenders are only 

aware of the intended, contextually appropriate meaning. 

The question arises as to how the correct meaning of ambiguous words is accessed in 

context. Early behavioural studies that have addressed this issue have mainly employed 

cross-modal semantic priming tasks (e.g., Swinney, 1979). In these studies, participants are 

exposed to spoken sentences containing an ambiguous word in a sentential context (e.g., “The 

man was not surprised when he found several spiders, roaches, and other bugs.”). They are 

then presented with a written probe word that is semantically related to either the contextually 

appropriate (here: “ant”) or contextually inappropriate (here: “spy”) meaning of the 

ambiguous word and are asked to decide whether the probe is indeed a real word. This so-

called lexical decision task serves as a measure indicating whether a given meaning was 

recently accessed, with faster responses to a lexical decision probe (compared to a control 

word) indexing residual activation of the meaning of that word (Meyer & Schvanefeldt, 

1971). Results from the cross-modal priming paradigm demonstrate that if the lexical 

decision task is administered shortly after participants have been exposed to the ambiguous 

words in sentence contexts, then lexical decision responses are faster to both the contextually 

appropriate (i.e., “ant”) as well as the contextually inappropriate (i.e., “spy”) meaning, 

suggesting that both meanings were activated during initial sentence processing (Swinney, 

Onifer, Prather, & Hirshkowitz, 1979). However, if there is an intervening delay interval of as 
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little as three syllables between sentence exposure and lexical decision, then the lexical 

decision speed-up is observed only for words that match the contextually appropriate 

meaning (i.e., “ant”). This is taken to indicate that the meaning of the ambiguous word that 

fits with the sentence context is selected rapidly, and the contextually inappropriate meaning 

ceases to be activated shortly after the word was first processed (Swinney, 1979). 

Interestingly, subsequent studies have shown that if the preceding context provides a very 

strong clue as to which meaning of an ambiguous word is contextually appropriate, and if this 

is also the dominant (i.e., more frequent) meaning, then the lexical decision advantage to 

semantically related but contextually inappropriate probe words disappears, suggesting that 

only the contextually appropriate meaning is activated during the processing of strongly 

constraining sentences (Tabossi, 1988; Tabossi & Zardon, 1993).  

While there are some remaining disagreements with regard to how words with 

multiple meanings are disambiguated in a sentence contexts, the psycholinguistic literature 

appears to have converged broadly on the following view: In most circumstances, unless the 

preceding sentence context is very strongly constraining, readers or listeners activate all the 

ambiguous word’s possible meanings (that the reader or listener knows) in parallel in a rapid 

and automatic process before the meaning that is best supported via either sentence context 

and/or frequency is selected (e.g., Duffy, Morris, & Rayner, 1988; Rodd, Johnsrude, & Davis, 

2010, 2012; Twilley & Dixon, 2000). This latter selection process occurs within a few 

hundred milliseconds after the word was first processed, and readers or listeners are largely 

unaware that they are automatically and transiently retrieving multiple different meanings 

whenever they process ambiguous words. However, even though multiple meanings tend to 

become activated in parallel, it is important to stress that both the preceding sentence context 

as well as the meaning’s relative frequency affect the level of activation, with very frequent 

or strongly contextually supported meanings being more easily and more strongly activated 

(e.g., Duffy et al., 1988; Lucas, 1999; MacDonald, Pearlmutter, & Seidenberg, 1994; Twilley, 

Dixon, Taylor, & Clark, 1994). 

The behavioural studies that have first mapped out the time course of the activation of 

available meanings during the processing of ambiguous words are supported by converging 

evidence from event-related potential (ERP) studies. One of the main findings from these 

ERP studies relate to the N400, an electrophysiological component that is marked by a 

negativity around 400ms after the onset of the critical stimulus (see e.g., Kutas & Federmeier, 
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2011, for a review of this research). The N400 is generally regarded as a measure indexing 

semantic activation, with a stronger (i.e., more negative) N400 indicating greater semantic 

activation during language processing (Kutas & Federmeier, 2011). With regard to the 

processing of lexical-semantic ambiguity, it has been found that lexically ambiguous words 

presented in isolation (such as in a lexical decision task) elicit a stronger N400 compared to 

unambiguous words (e.g., Haro, Demestre, Boada, & Ferre, 2017). This result was interpreted 

as a sign of lexically ambiguous words benefitting from enhanced semantic activation 

compared to unambiguous words. 

Previous research has also shown that ambiguous words are recognised more quickly 

in a lexical decision task, where participants are asked to decide as quickly as they can 

whether a string of letters they are presented with is a real word or not, compared to 

unambiguous words (e.g., Haro et al., 2017; Rubenstein, Garfield, & Millikan, 1970; 

Rubenstein, Lewis, & Rubenstein, 1971). This ambiguity advantage has been found in both 

first language and second language speakers (e.g., Ishida, 2017), and is usually explained via 

increased semantic activation for ambiguous words (as multiple meanings will become 

activated during presentation of the word). However, what is missing is an investigation into 

what happens after an ambiguous word has been processed, beyond a few hundred 

milliseconds. In other words, what are the longer-term consequences on memory arising from 

the activation of multiple word meanings? 

This question links to a broader issue within psycholinguistics that has become 

increasingly important and is to do with the relationship between episodic memory and 

language comprehension. Episodic memory is traditionally defined as a type of declarative 

memory which includes information about the specific context it was encoded in (Tulving, 

2002), and the episodic memory system is known to support the rapid encoding of new 

associations (such as between a word and the wider sentential context in which it appears, or 

perhaps between the word form and comprehended meaning of an ambiguous word). There is 

now evidence from multiple lines of investigation that points to an important role for episodic 

memory in supporting flexible, everyday language processing by supporting the rapid 

integration of multiple sources of information (e.g., Gaskell, 2024; Duff & Brown-Schmidt, 

2017). For instance, research consisting of several patient studies shows that individuals with 

hippocampal amnesia, who have no or very little episodic memory capacity, show marked 
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deficits in the flexible and creative use and comprehension of language (Duff & Brown-

Schmidt, 2012; Klooster & Duff, 2015; Covington & Duff, 2016).  

To summarise one example, Klooster and Duff (2015) set out to characterise the role 

of the hippocampus, and by extension the episodic memory system, in maintaining and 

updating multiple aspects of word meaning. Patients with bilateral hippocampal damage and 

amnesia were tested on their ability to produce and comprehend semantically rich and varied 

language content. Klooster and Duff (2015) found that compared to demographically 

matched healthy controls as well as patients with brain damage that spared the hippocampus, 

amnesic patients showed deficits on measures of vocabulary depth and semantic richness. In 

one specific task which required participants to list as many senses as they could in response 

to an ambiguous word, amnesic patients performed significantly worse than the two control 

groups, suggesting that the episodic memory system might be critically involved in the 

maintenance of rich lexical-semantic knowledge (Klooster & Duff, 2015). This strand of 

research suggests a critical role for episodic memory in processing and flexibly updating 

stored word meanings, perhaps particularly if one lexical form has multiple meanings (as is 

the case for ambiguous words). 

Most closely linked to the present research, recent studies looking at an effect called 

word-meaning priming, whereby encountering an ambiguous word in context can shift the 

relative accessibility of the comprehended meaning (e.g., Rodd et al., 2013, 2016), suggest 

that this flexible updating of stored word meanings is supported by the episodic memory 

system (this view is referred to as the episodic context account, e.g., Gaskell et al., 2019; 

Curtis et al., 2022). The results of these studies might suggest that episodic memory tracks 

linguistic input as it unfolds and updates stored linguistic knowledge to reflect past 

experiences. However, these priming effects capture only one aspect of how ambiguous 

words shape subsequent memory of language, and how episodic memory could support this 

updating process. While taking inspiration from the word-meaning priming literature, and the 

episodic context account in particular, the present study does not aim to adjudicate between 

different theories that have been put forward to explain the type of lexical-semantic updating 

observed in word-meaning priming experiments. Instead, the question that the present study 

addresses is whether we can detect other effects pointing to a slightly different link between 

the comprehension of ambiguous words and episodic memory. More concretely, here I ask 

whether the activation of multiple word meanings leaves measurable effects on episodic 
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memory. For instance, one might expect that activating multiple word meanings may lead to a 

fuzzier representation in the comprehender’s mind at the time of processing, which may make 

it more difficult to remember the encountered word later on.  

With the same aim, another angle to approach the question of a putative relationship 

between episodic memory and language comprehension is to look to evidence from 

neuroscientific research regarding the neural underpinnings of episodic memory and flexible 

language comprehension. While behavioural and event-related-potential (ERP) studies have 

mapped out the time course of the activation of available meanings during the processing of 

ambiguous words, there is little research on the oscillatory (i.e., time-frequency) correlates of 

processing lexically ambiguous words in sentential contexts (though see Strauss et al., 2014, 

for an investigation into the neural oscillations underpinning the processing of ambiguous 

pseudowords presented in isolation). The present study aims to address this gap by looking at 

the role of neural oscillations in the comprehension of lexical-semantic ambiguity in 

sentential contexts. More precisely, we are interested in the neural oscillations that have been 

implicated in both ambiguity processing and episodic memory, looking to see whether we can 

find evidence of their contribution to ambiguity processing here as well as supporting 

episodic memory.  

One frequency band of particular interest is the theta band in this regard. Several 

studies suggest that (hippocampal) theta oscillations, neuronal oscillations between ~4-8Hz 

which are assumed to connect the hippocampus and neocortical regions to enable 

communication or information transfer across distributed brain areas (Covington & Duff, 

2016; Herweg, Solomon, & Kahana, 2020; Kota, Rugg, & Lega, 2020), appear to play an 

important role in lexical-semantic processing (see e.g., Bakker-Marshall, Takashima, 

Schoffelen, van Hell, Janzen, & McQueen, 2018; Bastiaansen, van der Linden, ter Keurs, 

Dijkstra, & Hagoort, 2005; Bastiaansen, Oostenveld, Jensen, & Hagoort, 2008). For instance, 

in one of the first EEG studies to look at theta oscillations during language processing, 

Bastiaansen, van Berkum and Hagoort (2002) found a gradual increase in (slow) theta power 

(~3 Hz) during sentence processing. They suggested that the observed theta oscillations might 

reflect the formation of an episodic memory trace that is driven by the hippocampus as the 

sentence unfolds. Later work in this line of research has demonstrated that theta oscillations 

also play an important role in retrieving stored word representations (Bastiaansen et al., 2005; 

Bakker et al., 2015; Bakker-Marshall et al., 2018). In line with the above, Piai et al. (2016) 
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used intracranial EEG recordings to provide evidence for the involvement of hippocampal 

theta oscillations in the generation of sentence meaning and argued that theta oscillations play 

a critical role in linking incoming words to stored semantic knowledge. 

Perhaps most relevant for the current experiment is an MEG study by Pu, Cheyne, 

Sun, and Johnson (2020), where they set out to characterise the role of hippocampal theta 

oscillations during language comprehension. They found increased hippocampal theta power 

when participants read a semantically anomalous sentence-final word (e.g., “Mary is packing 

one mate.”), but no theta power increase for syntactically incorrect sentence endings (e.g., 

“Mary is packing one bags.”) compared to semantically and syntactically well-formed 

sentences. This might suggest that hippocampal theta oscillations specifically track lexical-

semantic relations, and the authors propose that hippocampal theta oscillations may support 

the interface between language and memory during active processing. Both conditions (the 

semantically and the syntactically incongruous one) exhibited significant theta phase 

coupling between the hippocampus and left superior temporal gyrus (STG), an important 

region in the cortical language network which might be responsible for integrating top-down 

predictions and bottom-up input (Gagnepain, Henson, & Davis, 2012). It was suggested that 

this connection between the hippocampus and STG may provide an important means of 

information exchange between the memory and language systems that underpin the 

generation of sentence meaning based on the integration of incoming information and stored 

knowledge. Similarly, Piai et al. (2016) used intracranial hippocampal recordings to show 

that theta power was stronger for high-constraint (e.g., “She locked the door with the…”) vs. 

low-constraint (e.g., “She walked in here with the…”) sentences prior to the presentation of a 

picture representing the final word (“key”). This suggests that hippocampal theta oscillations 

might track contextual information to improve predictions for upcoming words and to 

facilitate the integration of upcoming language input.  

In sum, theta oscillations have been linked to lexical-semantic processing during 

language comprehension (e.g., Bastiaansen et al., 2002, 2005, 2008; Piai et al., 2016). They 

have been implicated in the generation of sentence meaning and are thought to play a role in 

linking incoming words to stored semantic knowledge (Piai et al., 2016). They are also 

generally regarded as a signature of lexical access (Bakker et al., 2015; Bakker-Marshall et 

al., 2018), possibly indicating the amount of effort required to access or retrieve a word 

(Bastiaansen et al., 2005). Considering the above, we would expect the comprehension of a 

subordinate meaning of an ambiguous word to elicit an increase in theta power (compared to 
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low-ambiguity, dominant meanings), as these subordinate word meanings are more difficult 

to select and integrate since they [i] also involve the activation of the (not contextually 

appropriate) dominant meaning(s), and [ii] are usually more surprising/less predictable, 

thereby more closely resembling the processing of a semantically incongruent word (cf. Pu et 

al., 2020). We will use incongruent sentence endings as a positive control (due to previous 

evidence that they seem to reliably increase theta power; Pu et al., 2020), and low-ambiguity 

words as a negative control (where we expect theta power to be lower compared to highly 

ambiguous words). 

Finally, returning to the hypothesised link between language comprehension and 

episodic memory, theta oscillations have also consistently been linked to successful episodic 

encoding, with increases in theta power during the encoding or immediate recall of a stimulus 

(or pair/group of stimuli) having been linked to better memory for that stimulus, both 

immediately following exposure as well as after a consolidation period (e.g., Backus et al., 

2016; Heib et al., 2015; see Herweg et al., 2020, for a review of theta oscillations and 

memory). Therefore, an increase in theta activity could be considered as a signature of 

successful episodic encoding. The recall memory test in our experimental design will be able 

to address the prediction that increased theta power should be associated with better memory 

for a specific word. Crucially, it is possible that these oscillatory patterns that have been 

observed both during semantic processing and episodic memory encoding may indeed be 

evidence of a common neural mechanism that supports both the construction of linguistic 

meaning and the formation of durable episodic memory traces. This would be in line with the 

view that language comprehension involves a substantial contribution from episodic memory 

processes. While this is an intriguing possibility, it is important to note that these oscillations 

need not have a single function. Therefore, the finding that theta oscillations have been 

implicated in both language comprehension and memory tasks does not necessarily mean that 

they support the same (memory-related) process in both areas, but the idea that there might be 

substantial similarities in the role of theta oscillations in both language comprehension and 

episodic encoding is nonetheless an intriguing (and arguably parsimonious) hypothesis. 

However, theta is not the only frequency band that has been implicated in lexical-

semantic processing and memory encoding. In language comprehension, decreases in alpha 

and beta power are thought to reflect predictive and integrative processing. For example, 

beta-band desynchronisation has been associated with the computation of prediction error and 
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the updating of sentence-level representations during language processing (Lewis & 

Bastiaansen, 2015). Research using production and naming tasks has also shown that beta 

power decreases appear to index lexical activation and memory-related aspects of word 

retrieval (Piai et al., 2015). Alpha-band desynchronisation has been linked to lexical-semantic 

retrieval and the allocation of attentional resources to upcoming linguistic input (Piai et al., 

2020). Importantly, alpha and beta oscillations also play a key role in episodic memory. 

Numerous studies demonstrate that alpha/beta desynchronisation during encoding predicts 

subsequent memory performance, arguably reflecting the enhanced activation and 

differentiation of memory representations (e.g., Hanslmayr et al., 2016). 

Together, the reviewed studies suggest that increases in theta power (or 

synchronisation) and decreases in alpha and beta power (or desynchronisation) might 

contribute to the interplay between language comprehension and episodic memory by 

regulating access to the relevant, contextually appropriate semantic information, and enabling 

the encoding of linguistic material into longer-term episodic memory. To investigate this 

possibility, the current experiment uses high-density EEG and aims to look at the difference 

in neural oscillatory dynamics when highly ambiguous, unambiguous, and incongruent words 

are processed in sentence contexts, and how oscillatory power at encoding relates to memory 

performance after a short delay. Based on the research summarised above, I predicted 

increased theta power and decreased alpha/beta power to support the processing of 

ambiguous and incongruent words compared to unambiguous words. On the behavioural 

level, I was also interested in what the consequences of comprehending the subordinate 

meaning of an ambiguous word in context are. As mentioned above, I suggested that 

comprehending an ambiguous word might lead to a fuzzier representation (since more than 

one meaning will have been accessed before selecting the contextually appropriate one), 

which I hypothesised might lead to worse memory for these ambiguous word forms. 

Secondly, I predicted that the selected, contextually appropriate meanings of ambiguous 

words may linger in comprehenders’ memory (cf. Rommers, Dell, & Benjamin, 2020), which 

might make it more difficult to reject novel lure words that share the same meaning, i.e., if a 

participant has read the sentence “There were weeds growing in the bed” during the exposure 

phase, they might find it more difficult to reject the previously unseen word “garden” in the 

test phase (compared to an unrelated lure word), since garden is very closely related to the 

meaning that was selected when processing “bed”. 
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3.2 Methods 

This study was pre-registered prior to data collection. The pre-registration 

(https://osf.io/x865q/overview) contains the exclusion criteria and analysis plan, and 

deviations from this plan (including additional exploratory analyses) are explicitly mentioned 

throughout this chapter. The stimuli, behavioural data, and analysis scripts for this study are 

available on the OSF 

(https://osf.io/3rdy7/overview?view_only=0b6df6219aa841768dc3754221b02d10). 

 

3.2.1 Participants 

Fifty-two participants, aged between 18-35 years, were recruited via the Department of 

Psychology’s research participant pool (SONA). They were compensated via course credit or 

payment (£12 Amazon voucher). They were all native speakers of English and reported not to 

have any language-related or attentional disorders. They all had normal or corrected-to-

normal vision, and all participants provided written informed consent prior to participating. 

The study had received ethical approval by the University of York, Department of 

Psychology’s Research Ethics Committee. 

For analysis of the behavioural data, our target sample size was 50 complete datasets, 

based on the recommendation by Brysbaert and Stevens (2018) to aim for around 1600 

observations per condition when using (generalised) linear mixed-effects models for 

statistical analysis (50 participants x 28 targets per condition = 1400 observations per 

condition overall). This justification has been used in previous studies using similar designs 

(e.g., Mak et al., 2023), and our target sample size is thus in line with well-powered 

precursors to the present experiment. In terms of powering for the EEG analyses in this 

experiment, there is no direct precursor or recommendation on which to base our target 

sample size on. The most comparable prior study (Pu et al., 2020) has used 15 participants in 

Exp. 1 and 17 participants in Exp. 2. These previous experiments contained more items than 

our study does; however, we will still end up with more observations per condition (1400 in 

our study, cf. 1200 observations per condition in Exp. 1 and 1156 observations per condition 

in Exp. 2 in Pu et al., 2020). Aiming for 50 datasets in line with the behavioural power 

calculation should ensure we have enough power to detect our hypothesised effects. 

https://osf.io/x865q/overview
https://osf.io/3rdy7/overview?view_only=0b6df6219aa841768dc3754221b02d10
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However, after several months of data collection with a very low sign-up rate, we had 

to lower this target to whatever number of participants could be collected until the end of July 

2025 due to time constraints. In total, 52 participants were recruited. Of those, 10 participants 

had to be excluded either because no EEG data could be collected at the time due to 

equipment failure (n = 2), or because the EEG data contained too many environmental 

artefacts that could not be removed or was otherwise unusable (again due to technical 

difficulties; n = 8). The final sample size was therefore 42 participants (35 female; mean age 

= 19.7, SD = 1.25). For the behavioural analyses, all main results reported below remain the 

same regardless of whether the full behavioural (n = 52) or EEG sample (n = 42) is included. 

Therefore, for better correspondence with the EEG and combined behavioural and EEG 

analyses, all results are reported for the complete EEG sample (n = 42). 

 

3.2.2 Materials 

3.2.2.1 Stimuli 

The stimuli in this experiment consisted of 84 sentence triplets, with one sentence per triplet 

belonging to the High Ambiguity, Low Ambiguity, and Incongruent condition, respectively. 

Each sentence in a triplet had an identical lead-in sentence, meaning that all words preceding 

the critical sentence-final word were the same. This was meant to ensure that other linguistic 

variables (such as frequency, concreteness, etc.) did not contaminate the comparison between 

High Ambiguity, Low Ambiguity, and Incongruent endings (since they would all be the same 

for each triplet). Secondly, this was also meant to limit differences in how predictable the 

endings would be, and we verified this via pre-norming of the stimuli (see Norming 

Experiments below for details). An example from each condition making up a sentence triplet 

is shown in Table 1 below. In the High Ambiguity condition, the sentence ended with the 

subordinate (i.e., less common or non-dominant) meaning of an ambiguous word (e.g., bed, 

with the meaning of ‘garden bed’). These sentences were adapted from the stimuli 

constructed by Gaskell et al. (2019), where they were used to elicit word-meaning priming 

effects. In the Low Ambiguity condition, the sentence ended with a word that only has one 

commonly known, main meaning (e.g., garden). More precisely, the final (ambiguous) word 

of a sentence from the High Ambiguity condition was replaced with a (non-ambiguous) word 

whose only meaning is shared by the High Ambiguity ending. Sentences in the Incongruent 

condition ended with a word that was semantically incongruent in the context of the sentence, 
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leading to nonsensical sentences (e.g., the word particle in the context of the sentence in 

Table 1 below). This means that the Incongruent endings were not in any way related to the 

High or Low Ambiguity items, or to the preceding context. 

 

Table 3.1 

Example sentences for one stimulus triplet, with the mean surprisal scores (on a scale of 1-

10) and cloze scores (proportion) for the set of experimental stimuli that appeared in the 

experiment 

Note. The surprisal scores displayed are those collected as part of the pre-norming experiment 

(see Procedure). The incongruent endings were never predicted (hence the cloze score of 0). 

For both the surprisal and cloze score, n = 20 independent participants were tested to obtain 

these mean scores. 

The sentences making up a triplet were pseudo-randomly allocated to three different 

counterbalanced lists, with each triplet split up across the three lists (e.g., if the High 

Ambiguity sentence is allocated to List 1, the Low Ambiguity sentence is allocated to List 2, 

and the Incongruent sentence is allocated to List 3). This means that each participant only 

encountered one sentence from each triplet, in one of the three experimental conditions. Each 

list therefore consisted of 84 experimental sentences, with 28 sentences from each of the 

three conditions. There were also 40 filler sentences that did not contain any ambiguous 

words and did not share any overlap with any of the experimental sentences. These filler 

Condition Sentence Surprisal 

score 

Cloze 

score 

High Ambiguity There were weeds growing in the bed. 2.787  

(SD = 1.294) 

0.104 

(SD = 0.002) 

Low Ambiguity There were weeds growing in the garden. 2.193  

(SD = 1.077) 

0.138 

(SD =0.003) 

Incongruent There were weeds growing in the particle. 9.179 

(SD = 1.00) 

0.00 

(SD = 0.00) 
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sentences were added to all three lists, meaning each list consisted of 124 sentences in total 

(i.e., there were 124 trials in the exposure phase).  

In the exposure phase, each experimental sentence was followed by a probe word, and 

participants were asked to indicate whether that word was related to the sentence they had 

just read. The probe words were always semantically related to the experimental sentences 

(e.g., nature for the example above) and unrelated to the filler sentences. The relatedness in 

the experimental sentences was meant to ensure that the sentences and endings were 

interpreted correctly, especially in the High Ambiguity condition. More generally, this 

relatedness judgement served as an additional attention and comprehension check. As set out 

in the pre-registration associated with this project, we decided that we would exclude 

participants with an accuracy < 70% for the relatedness task from all analyses; however, none 

of the participants performed below this threshold, meaning that no participants had to be 

excluded for low performance in the relatedness judgement task. The mean accuracy in the 

relatedness judgement task was 93.56% (SD = 7.86%). 

 

3.2.2.2 Norming experiments 

The final set of stimuli was derived based on a norming experiment using two independent 

samples of participants recruited from Prolific. Ninety sentence triplets entered the norming 

experiment, which consisted of two separate tasks, a cloze task and a surprisal rating task.  

One sample of participants (n = 20) completed a cloze task where they read a set of 

sentences that were all missing the final word and were asked to type in the word that they 

thought best completed the sentence. The sentences were pseudo-randomly allocated to three 

different lists so that each participant was only exposed to one condition of each stimulus 

triplet (i.e., to either the High Ambiguity, Low Ambiguity, or Incongruent sentence ending). 

On the basis of participants’ responses, a cloze score was calculated for each sentence 

indicating how many participants provided the intended target word, divided by the total 

number of responses per item. In the surprisal rating task, a different set of participants (n = 

20) read a set of sentences where the final word was presented after a delay (the stimuli were 

again pseudo-randomly allocated to three different lists, as described above). Participants 

were asked to indicate on a scale of 1-10 how surprised they were to encounter the sentence-
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final word (i.e., how unexpected the final word was). A surprisal score was calculated for 

each sentence as the mean surprisal rating provided by participants. 

The final set of stimuli was selected by comparing the cloze and surprisal scores of 

the three sentences in each stimulus triplet (i.e., with a High Ambiguity, Low Ambiguity, or 

Incongruent ending). The aim was to ensure that there were no statistical differences in terms 

of the cloze or surprisal scores between the High and the Low Ambiguity conditions, so that 

the lexical ambiguity (or lack thereof) would be the only relevant difference between the 

High and Low Ambiguity sentences. Secondly, I also wanted to ensure that the Incongruent 

endings were as unpredictable and semantically nonsensical as expected. This means that 

cloze scores for these Incongruent items should be zero, and surprisal scores should be high 

(and certainly statistically higher than for the other two conditions). In line with these 

considerations, stimulus triplets were included in the final stimulus set only if the cloze score 

for the Incongruent target was zero, and if the High and Low Ambiguity condition did not 

substantially differ. The surprisal scores also needed to statistically higher in the Incongruent 

compared to the High and Low Ambiguity conditions, but there should be no difference 

between the High and Low ambiguity conditions. After excluding six sentence triplets, there 

were no statistically significant differences between the High and the Low ambiguity 

condition in either measure (ps > .204). The entire stimulus set (exposure phase and 

recognition memory test) can be found in Appendix B. 

 

3.2.3 Design 

The experiment consisted of a within-subjects design with one independent variable: 

Condition, which has three levels (High Ambiguity, Low Ambiguity, and Incongruent). As 

stated above, each participant encountered only one sentence from each sentence triplet (in 

one of the three conditions) in the exposure phase. One set of EEG analyses focused on the 

neural oscillations associated with the processing of High Ambiguity, Low Ambiguity, and 

Incongruent words, respectively. As explained in more detail below, each sentence was 

followed by a surprisal rating, where participants were asked to rate, on a scale of 1 to 4, how 

surprising the sentence-final word was. The surprisal rating was therefore one of the 

dependent variables. 
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 To assess the effect of the lexically ambiguous and incongruent endings on episodic 

memory, the exposure phase was followed by a surprise recognition memory task. In the 

recognition memory task, participants were presented with all the sentence-final words they 

had encountered in the exposure phase (n = 84), as well as an equal number of foils (i.e., 

words that they had not seen in the context of this experiment, and which therefore should be 

rejected). These foils were made up of High Ambiguity, Low Ambiguity, and Incongruent 

words taken from lists that other participants had seen, in order to control for possible 

differences in memorability between specific items. The relationship between the previously 

unseen lures and the previously encountered words is explained in more detail below 

(Recognition Memory Test). There was one dependent variable: Accuracy (coded as a binary 

variable, 1 - correct vs. 0 - incorrect), indicating whether participants correctly accepted (as 

previously seen) or rejected a given word presented to them. Another set of EEG analyses 

assessed the neural oscillatory signatures associated with remembered vs. forgotten items (a 

neural subsequent memory analysis). 

 Finally, after each recognition memory judgment, participants were also asked to rate 

their confidence for the decision they have just made on a binary scale (high vs. low). We 

collected this additional measure since we reasoned that some hypothesised effects might 

only show in high confidence responses, where participants think that they have a more 

accurate memory trace to use to guide their decision. However, there were no differences 

between high and low confidence responses and only using high confidence responses 

compared to using all responses did not significantly affect the results in any of our analyses. 

We therefore decided to report all analyses based on including all (high and low) confidence 

responses. 

 

3.2.4 Procedure 

The experiment was completed in a single session lasting approximately 1.5 hours in total. 

Participants arrived at the lab and were fitted with a 64-electrode EEG cap (WaveGuard). 

This took approximately 30-45 minutes. They were then seated in front of a PC and 

completed all parts of the study in a silent environment. They started the experiment by going 

through the sentences presented to them in the exposure phase, which was followed by a brief 

demographic questionnaire (which was placed in between the two tasks to act as a small filler 

activity), before moving on to the surprise recognition memory test. The exposure phase and 
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recognition memory test are explained in detail below. After participants completed the 

experiment, they had their EEG cap removed, had the chance to wash the EEG gel out of 

their hair, and were debriefed as to what the purpose of the experiment was. 

 

Figure 3.1 

Schematic illustrating the procedure for the EEG study, and the relationship between the 

exposure and test stimuli 

Note. Panel (A) depicts two High Ambiguity examples that a participant may have encountered 

during the exposure phase. Panel (B) shows two recognition memory test items that this 

participant will have seen at test. One is a previously seen High Ambiguity item (bark), where the 

correct test response is ‘old’; the other is a previously unseen Low Ambiguity counterpart 

(garden) to the sentences displayed on the left in (A). The correct answer in response to seeing this 

Low Ambiguity lure is ‘new’. See Methods for further details (including timings of the tasks). 

3.2.4.1 Exposure Phase 

During the exposure phase, participants were presented with 124 sentences as described 

above. Each sentence was presented visually word-by-word, in line with a previous study 

showing theta effects during language processing (Pu et al., 2020). Each trial started with a 

500 ms fixation cross (+). This was followed by word-by-word presentation of the sentence, 

with all but the sentence-final word shown on the screen for 500 ms (in line with the 

presentation times used by Pu et al., 2020). Each word was presented in the centre of the 

screen, in black font on a grey background. Participants saw a grey screen for 500 ms 
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between each word of the sentence. Before the critical sentence-final word, the grey screen 

was presented for 1000 ms. This longer interval before the sentence-final word was included 

in order to have a large enough span of uncontaminated neural data to resolve the frequencies 

of interest (i.e., to have enough neural data where participants do not process any words on 

the screen, to have a suitable baseline to compare the neural responses during the processing 

of the critical words to). The sentence-final word was then displayed for 1000 ms. After the 

entire sentence had been read, participants were asked to rate how surprised they were to 

encounter the sentence-final word (on a scale of 1 to 4: 1 → “Not at all surprising”, 4 → 

“Very surprising”) by pressing the respective number key on the keyboard. Finally, to ensure 

that participants were comprehending the sentences with their intended meaning, each 

sentence was followed by a probe word, and participants had to decide whether or not the 

word was related to the sentence they had just read. The inter-trial interval was 2000-2500 ms 

(randomly jittered). 

 

3.2.4.2 Recognition Memory Test 

After the exposure phase, participants completed an old/new recognition memory test. As 

mentioned above, in that task, they were presented with the sentence-final words they had 

encountered in the exposure phase as well as 84 foils. They had to decide whether these 

words (presented one by one) had been presented during exposure. They had two response 

options: “Old” (previously seen – left arrow key) and “New” (not previously seen – right 

arrow key). This decision was followed by a confidence rating (High confidence – up arrow 

key, vs. Low confidence – down arrow key). For each participant, the foils consisted of 

sentence-final words that formed part of one of the other sentence lists (recall that there are 

three sentence lists in total, with each sentence list containing one sentence from each triplet). 

Crucially, however, participants had not previously encountered the foils that were assigned 

to them. More concretely, a participant who was exposed to the exposure sentences from List 

A would be presented with foils that form part of the exposure sentences in List B and List C. 

For instance, if a participant has read the sentence “There were weeds growing in the bed” 

(High Ambiguity ending), then they will see this ending (“bed”) in the recognition memory 

test, as well as the Low Ambiguity counterpart of this sentence ending, which for this 

example is “garden”. However, assuming a participant has read the sentence “There were 

weeds growing in the garden” (Low Ambiguity ending), then they will see this ending 

(“garden”) in the recognition memory test, as well as the Incongruent counterpart of this 
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sentence ending, which for this example is “particle”. Finally, the third case is if a participant 

has read the sentence “There were weeds growing in the particle” (Incongruent ending), then 

they will see this ending (“particle”) in the recognition memory test, as well as the High 

Ambiguity counterpart of this sentence ending, which for this example is “bed”. This means 

that, conceptually, each sentence-final word form which appeared in the exposure phase will 

be paired with another sentence-final word from the same sentence triplet which did not 

appear in the exposure phase. More precisely, High Ambiguity endings (at exposure) were 

always paired, conceptually, with Low Ambiguity foils at test (i.e., the Low Ambiguity 

counterpart from the same sentence triplet), Low Ambiguity endings (at exposure) were 

always paired with Incongruent foils at test, and Incongruent endings (at exposure) were 

always paired with High Ambiguity foils at test. Therefore, participants were tasked with 

being able to accept the word that they had encountered in the exposure phase as 

“Old/Previously Seen” and to reject that word’s counterpart (or foil) as “New/Not Previously 

Seen”. Taken together, each participant was tested on the same number of old/seen words (28 

from each condition: High Ambiguity, Low Ambiguity, Incongruent; 84 in total) and 

new/unseen words (also 28 from each condition; 84 in total), with the allocation of words to 

either exposure/seen words or foil/unseen words counterbalanced across participants (with 

each participant allocated to one of the three lists mentioned above). Again, these stimuli can 

be found in Appendix B. 

 

3.2.5 Analysis 

3.2.5.1 Behavioural analysis 

For the recognition memory test, there was one measured variable: Accuracy (coded as a 

binary variable, 1 - correct vs. 0 - incorrect), i.e., whether or not participants were able to 

accurately recognise the old (seen) words and reject the new (unseen) words they were 

presented with. 

 The behavioural data were analysed by fitting mixed-effects models using the lme4 

package (Bates et al., 2014) implemented in R (version 4.2.2, R Core Team, 2022). Binomial 

generalised linear mixed-effects models were fitted to the trial-level data, with correct 

responses coded as 1 and incorrect responses coded as 0. Separate models were run for old 

and new items. Mixed effects logistic analyses were run using models with one within-
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participants independent variable: Condition, which has three levels (High Ambiguity, Low 

Ambiguity, Incongruent). This variable was treatment-coded, with Low Ambiguity as the 

reference level to which High Ambiguity and Incongruent were compared. Each model 

contained the random effects of Participant and Item. The buildmer package (Voeten, 2021) 

was used to determine the most parsimonious random effects structure, starting out with the 

most complex structure and then identifying the most parsimonious model to successfully 

converge via stepwise elimination of random effects (Barr et al., 2013). The ‘bobyqa’ 

optimiser was used to increase the likelihood of convergence. 

 

3.2.5.2 EEG analysis 

The continuous EEG data were pre-processed by applying a notch filter (48-50 Hz) to remove 

line noise and a high-pass filter at 0.5 Hz for removing low-frequency artifacts. The data were 

then re-referenced to the average of the mastoids. Afterwards, the data were epoched around 

the onset of the sentence-final word, creating epochs going from -500 ms pre- to 2500 ms 

post-critical word onset. Once epoched, the trials were visually inspected, and trials with 

clear artifacts were manually removed (1.48% of all trials). Finally, independent component 

analysis (ICA) was used to remove eyeblink and heartbeat artifacts, and the pre-processed 

datasets were saved afterwards. 

For the analyses, time frequency representations were constructed for each participant 

in each condition and were converted into percentage power change relative to pre-stimulus 

baseline (-400 to -200 ms; the baseline window offset was -200 ms before stimulus onset to 

avoid spectral leakage). The time-frequency analyses relied on extended data windows (-1 to 

2.5s) to fit a minimum of 4-5 cycles per frequency (4 cycles for 4 Hz, 5 cycles for 5 Hz and 

above, e.g. 5 Hz x 5 cycles = 1s). Hanning tapers were used to resolve changes in 4-8 Hz 

theta and 9-20 Hz alpha/beta activity. 

To address our hypothesis regarding the role of theta and alpha/beta oscillations in the 

processing of lexical ambiguity, we compared oscillatory power elicited by reading the high-

ambiguity words vs. the low-ambiguity words. Note again that across participants, the same 

lead-in sentence appeared both with the high-ambiguity word and the low-ambiguity word as 

the ending, allowing for a comparison between the two different endings. To assess the role 

of theta and alpha/beta in processing incongruent information, we compared power during the 
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processing of the incongruent words vs. the low-ambiguity words. Again, across participants, 

the same lead-in sentence appeared with both endings. Finally, to assess the role of these 

frequency bands in encoding information in memory, we compared power for words that 

were subsequently remembered (Hits) vs. words that were not correctly recognised (Misses). 

We were additionally interested in potential between-condition differences in oscillatory 

power. To investigate this, we compared the High ambiguity condition (Hits > Misses) to the 

Low ambiguity condition (Hits > Misses), and the Incongruent condition (Hits > Misses) to 

the Low ambiguity condition (Hits > Misses). 

Statistical analysis of time-frequency representations was performed as dependent-

samples analyses and corrected for multiple comparisons using cluster-based permutation 

testing (alpha threshold of .05). Clusters were defined by channel x time while averaging 

across the theta (4-8 Hz) or alpha/beta (9-20 Hz) frequency bands. The time window of 

interest was 0-1000 ms, reflecting the entire presentation period of the critical sentence-final 

word.  

 

3.3 Results 

3.3.1 Behavioural Results 

As summarised in Figure 3.2, for the old items, mean recognition accuracy rates were 67.54% 

(SD = 14.70%) in the High Ambiguity condition, 72.86% (SD = 14.42%) in the Low 

Ambiguity condition, and 73.49% (SD = 15.84%) in the Incongruent condition. Partially 

confirming our prediction regarding the possibility of weaker memory for High Ambiguity 

items, the mixed-effect model revealed a significant difference between recognition memory 

performance on High Ambiguity vs. Incongruent items (β = 0.369, SE = 0.151, z = 2.445, p = 

.015), but not between the other conditions (ps > .150). This suggests that the High 

Ambiguity words were significantly more difficult to remember than the Incongruent items, 

and they also showed a numerically weaker recognition rate compared to the Low Ambiguity 

endings. 

 Recall that after each sentence-final word was displayed on the screen, a surprisal 

rating was collected on a scale of 1 to 4. The mean surprisal ratings for the three conditions 

were as follows: In the High Ambiguity condition, mean surprisal was 1.82 (SD = 0.880), in 

the Low Ambiguity condition, it was 1.54 (SD = 0.564), and in the Incongruent condition, it 
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was 3.76 (SD = 1.523). Adding surprisal as a second fixed effect into the model above 

resulted in a significant condition * surprisal interaction (p = .021), with surprisal 

significantly improving accuracy for High Ambiguity items (p = .032), but not for Low 

Ambiguity or Incongruent items. However, model comparisons between the condition-only 

model and the condition-plus-surprisal model revealed no significant differences, which 

means that the condition-plus-surprisal model does not have significantly more explanatory 

power than the condition-only model. 

 

Figure 3.2 

Accuracy for old (previously seen) items in the recognition test 

 

Note. White dots represent the mean, while horizontal black bars represent the median for 

each condition. The black boxplots indicate the interquartile range, and the density 

functions represent the distribution of participant means, with individual scores shaded in 

grey. All sentence-final words from the exposure phase were shown in the recognition 

memory test (mean accuracy displayed in this figure), and participants were tasked with 

correctly accepting these old items as previously seen. The mean scores for the new items 

(foils) are shown in Figure 3.3 below. 
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As summarised in Figure 3.3, for the new items, mean accuracy rates were 69.60% 

(SD = 15.65%) in the High Ambiguity condition, 65.16% (SD = 14.04%) in the Low 

Ambiguity condition, and 78.73% (SD = 8.78%) in the Incongruent condition. Again only 

partially confirming our prediction regarding the possibility that the meanings of the 

ambiguous word forms may linger in participants’ memory and may influence their ability to 

accurately reject foils that correspond to that meaning (i.e., to unseen Low Ambiguity 

counterparts of the encountered High Ambiguity endings), the mixed-effect model revealed a 

significant difference between recognition memory performance on Low Ambiguity vs. 

Incongruent items (β = 0.552, SE = 0.184, z = 3.009, p = .003), but not between the other 

conditions (ps > .331). This shows that the Low Ambiguity foils were significantly more 

difficult to correctly reject (be labelled as new items) than the Incongruent items, and 

numerically less likely to be correctly rejected than the High ambiguity foils. 

 

Figure 3.3 

Accuracy for new (previously unseen) items in the recognition test 

 

Note. White dots represent the mean, while horizontal black bars represent the median for 

each condition. The black boxplots indicate the interquartile range, and the density 

functions represent the distribution of participant means, with individual scores shaded in 
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grey. These new items (also referred to as foils in the main text) are sentence-final words 

from one of the other sentence lists (see Methods for details), and participants were tasked 

with correctly rejecting the new items. To provide one example, if a participant has read the 

sentence “There were weeds growing in the bed” (High Ambiguity ending), then they will 

have seen this ending (“bed”) in the recognition memory test (correct answer: old/accept), 

as well as the Low Ambiguity counterpart of this sentence ending, which for this example 

is “garden” (correct answer: new/reject). 

 

3.3.2 EEG Results 

We first ran the analyses related to the involvement of the theta frequency band in the 

processing of lexically ambiguous and incongruent words. Cluster-based permutation testing 

showed a non-significant negative cluster (p = .059), i.e., theta desynchronisation, occurring 

very early on for the comparison between High vs. Low ambiguity items, which may 

potentially be linked to the inhibition of the dominant, contextually inappropriate meaning. 

Frequency-wise, that cluster stretched from 4 to 6.5 Hz. A later, non-significant positive 

cluster was found for the Incongruent vs. High Ambiguity comparison (p = .164), spanning 

from 4 to 5.5 Hz. Theta synchronisation was also found in a significant positive cluster (p = 

.019) for the Incongruent vs. Low Ambiguity comparison, localised mainly over central and 

occipital sensors and also spanning from 4 to 5.5 Hz. All of these effects can be found in 

Figure 3.4 below. 

 

Figure 3.4 

Theta band analyses (4-8 Hz) 

A) B) 
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C) D) 

E) F) 

 

Note. Cluster-based permutation test results in the theta band (4-8 Hz) for High vs. Low 

Ambiguity (A, B), Incongruent vs. Low Ambiguity (C, D), and Incongruent vs. High Ambiguity 

(E, F) comparisons. The extent of the strongest cluster for each comparison is shown in time-

frequency space on the left (A, C, E), with the time- and frequency-range of the cluster marked 

with black lines. On the right (B, D, F), the topographical plots show the t-values at the peak of 

the cluster, with the sensors that form part of the strongest cluster (at any timepoint and across all 

frequencies of interest) shown in black. 

For the analyses related to the alpha/beta bands, we observed a significant negative 

cluster in the beta band (15-20 Hz) in the High vs. Low Ambiguity comparison (p = .042), 

which spanned the time period between ~400-900 ms post-ambiguous word onset, suggesting 

that, as hypothesised, beta desynchronisation may support the processing of lexically-

ambiguous words. Spanning both alpha/beta bands (9-20 Hz), there was a significant negative 

cluster (p = .049) in the Incongruent vs. High Ambiguity comparison, as well as a significant 

negative cluster (p = .025) in the Incongruent vs. Low Ambiguity comparison. Both clusters 
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extended temporally across almost the entire analysis window. These significant negative 

clusters are displayed in Figure 3.5 below. These effects suggest that alpha/beta 

desynchronisation plays an important role in the processing of ambiguous and incongruent 

words, potentially by inhibiting the dominant (but not contextually appropriate) meaning of 

an ambiguous word or alternative word candidates that may be activated when encountering 

an incongruent word, respectively. 

 

 

Figure 3.5 

Alpha/beta band analyses (9-20 Hz) 

A) B) 

C) D) 
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E) F) 

 

Note. Cluster-based permutation test results in the beta band (15-20 Hz) for the High vs. 

Low Ambiguity (A, B) comparison, and across the alpha and beta bands (9-20 Hz) for 

the Incongruent vs. Low Ambiguity (C, D) comparison, and the Incongruent vs. High 

Ambiguity (E, F) comparison. The extent of the significant cluster for each comparison 

is shown in time-frequency space on the left (A, C, E), with the time- and frequency-

range of the cluster marked with black lines. On the right (B, D, F), the topographical 

plots show the t-values at the peak of the cluster, with the sensors that form part of the 

significant cluster (at any timepoint and across all frequencies of interest) shown in 

black. 

Contrary to our hypotheses, we found no significant effects related to memory 

performance in any of the frequency bands of interest. We discuss potential explanations for 

this in the Discussion below. 

 

3.4 Discussion 

In this EEG study, I set out to elucidate the oscillatory correlates underpinning the processing 

of lexical-semantic ambiguity. While it is well established that processing lexically 

ambiguous words involves the transient activation of all meanings known to the 

comprehender, it is less clear how the activation and later inhibition of multiple word 

meanings is supported by neural oscillations, which have been identified as a key orchestrator 

of information transfer in the human brain (see e.g., Bonnefond, Kastner, & Jensen, 2017, for 

a review). To date, it is similarly understudied how the activation of multiple word meanings 

affects subsequent memory for the comprehended language input. In the current study, I 
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specifically tested hypotheses concerning the roles of theta and alpha/beta oscillations, which 

have been implicated in lexical-semantic processing, lexical access and memory encoding. 

Based on previous studies from both the language and memory literatures, I hypothesised that 

increased theta power and decreased alpha/beta power would be linked to better memory and 

support the processing of words that are either lexically ambiguous or semantically 

incongruent words, with these two cases placing higher demands on lexical selection 

processes than low ambiguity words (i.e., words with only one dominant meaning). 

 In the remainder of this section, I will discuss in detail the two main findings reported 

in this chapter. To summarise, firstly, the behavioural analyses conducted as part of this 

investigation showed High Ambiguity words were significantly more difficult to remember 

than the Incongruent items, and they also showed a numerically weaker recognition rate 

compared to the Low Ambiguity endings. This suggests that activating multiple meanings 

negatively affects memory for the encountered word form. Also on the behavioural level, 

Low Ambiguity foils were significantly more difficult to correctly reject (be labelled as new 

items) than the Incongruent items, and numerically less likely to be correctly rejected than the 

High Ambiguity foils. This shows that new lure words that were never seen before but that 

were strongly related to the meaning of one of the encountered ambiguous words were more 

difficult to reject compared to lure words that were unrelated to any of the meanings 

comprehended in the exposure phase of this study. This suggests that accessed and selected 

meanings linger in comprehenders’ memory and bias them towards thinking that they have 

encountered a word (form) before even if they have not. Secondly, the EEG analyses partially 

confirmed my neurocognitive hypotheses: I observed an increase in theta power in response 

to participants’ processing the semantically incongruent words; however, contrary to my 

hypothesis, I did not observe any statistically significant effects in the theta band for lexically 

ambiguous words. I will discuss possible reasons for the absence of statistically significant 

theta responses for ambiguous words below. Moving on to my second neurocognitive 

hypothesis, I observed the expected alpha/beta desynchronisation for the processing of 

lexically ambiguous and incongruent endings, which may be linked to the inhibition of 

alternative meanings. Finally, contrary to my final hypothesis relating to the neural correlates 

of recognition memory performance, I found no links between either theta nor alpha/beta 

oscillations and subsequent memory. I will discuss all the above points in detail in the 

remainder of this Discussion section. 



104 
 

Starting with the behavioural results, the behavioural data revealed effects of processing 

lexically ambiguous words on subsequent memory, both for words that have been read in 

context (the old items) as well as for new lures that were never seen before but that were 

strongly related to the meaning of one of the encountered ambiguous words. The finding of 

worse memory for lexically ambiguous words seems to contrast with an effect called the 

“ambiguity advantage”, which refers to a well-replicated finding that ambiguous words in 

isolation are usually read or recognised more quickly than non-ambiguous words (see e.g., 

Haro and Ferré, 2018; Pexman & Lupker, 1999, Rubenstein, Garfield, & Millikan, 1970; 

though see Rodd, Gaskell, & Marlsen-Wilson, 2002, 2004). However, as suggested in earlier 

parts of this chapter, the reason for the cost incurred by ambiguous words in terms of 

remembering may be to do with the fuzziness of their representation 

(Reyna, Corbin, Weldon, & Brainerd, 2016). It is possible that the comprehension of lexically 

ambiguous words leads to fuzzier memory traces than the comprehension of lexically 

unambiguous words does, in that for the former, multiple meanings were accessed before 

selecting the contextually appropriate one. It is conceivable that these accessed meanings 

help the comprehender quickly assess that what they are exposed to is indeed a real word (as 

they would be asked to do in a lexical recognition test, where the “ambiguity advantage” is 

found); however, at the same time, they might “blur” the memory trace so that it becomes 

more difficult to encode and maintain longer-term, and to access again when tasked with a 

recognition memory test such as the one in the present study. Relatedly, it may be the case 

that is these accessed meanings that are predominant in participants’ memory, which may 

outweigh their memory for the forms of the items they have encountered. This could lead to 

worse memory for old items in the recognition test where the critical words were presented to 

participants in isolation (where there is less contextual support for the previously 

comprehended meaning). 

The above speculations could be tested in a relatively simple experiment that sets out to 

systematically assess whether there is a relationship between how many distinct meanings a 

word has (perhaps initially starting out by only comparing one vs. many meanings), and how 

quickly it is recognised in isolation compared to how well it is subsequently remembered. If 

my above speculations are correct, then there should be a negative relationship between the 

number of distinct meanings a word has and how well it is remembered, i.e., the more 

meanings a word has, the more difficult it should be to recognise it in a subsequent memory 

test (some kind of “representational fuzziness disadvantage”), while the “ambiguity 
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advantage” should be replicated in that words with more meanings should be recognised 

more quickly than words with fewer or only one meaning. Thus, there should be a positive 

relationship between number of meanings per word and recognition time for that word, and a 

negative relationship between number of meanings per word and subsequent recognition of 

that word. 

The second part of my behavioural finding is concerned with the fate of the meanings of 

ambiguous words. They seem to linger in memory and influence participants’ decisions 

several minutes after comprehension, leading them to more easily accept previously unseen 

lure words as “old” if these lures are very closely related in meaning to the meaning of a 

previously comprehended ambiguous word. Concretely, if a participant was exposed to the 

ambiguous word “bed” in the context of “There were weeds growing in the bed”, where the 

meaning of garden (bed) is most appropriate and will have been selected, then afterwards, in 

the recognition memory test, this participant will have been biased to accept the previously 

unseen word “garden” due to having selected that meaning in the exposure phase. This 

tendency for the meanings of ambiguous words to linger in memory is reminiscent of 

findings that show how both produced (i.e., spoken) words as well as merely predicted words 

appear to do the same (see e.g., MacLeod, & Bodner, 2017;  MacLeod, Gopie, Hourihan, 

Neary, & Ozubko, 2010, for a more detailed description the “production effect”, and 

Rommers et al., 2020, for evidence from merely predicted words). It suggests that there must 

be something especially memorable not only about producing or predicting a word, but also 

about selecting one specific meaning out of a selection of initially accessed meanings. Future 

experiments should further probe this effect, first to see whether it replicates, and secondly to 

investigate what factors might underlie the enhanced memorability of these ambiguous word 

meanings (e.g., do meanings tend to linger in memory more if they have been selected out of 

many initially accessed meanings, or if they have been selected out of fewer meanings?). 

Finally, in terms of the behavioural results, while it is perhaps not surprising that 

incongruent items encountered in the exposure phase showed at least a partial memory 

advantage in the subsequent recognition memory test, as this may be explained by prediction 

error-driven enhanced memory encoding (Greve, Cooper, Kaula, Anderson, & Henson, 

2017), it is also interesting to consider that incongruent lure words were more easily rejected 

as “new”. While these “incongruent” lures were not strictly speaking incongruent in the 

context of the recognition memory test, there may nonetheless have been less semantic 
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overlap between the newly introduced “incongruent” lures and the sentences participants read 

during the exposure phase (compared to “high ambiguity” or “low ambiguity” lures). This 

may have made it easier for participants to reject them as not previously seen.      

Taken together, the behavioural results show a link between the linguistic nature of 

the sentence participants have processed and their subsequent memory for the sentence-final 

word. More precisely, both lexical-semantic ambiguity and semantic incongruency have an 

impact on participants’ recognition memory. This points to a link between language 

comprehension and memory for language input. However, to return to one of the central 

questions at issue in this study, based on these findings, it is somewhat unclear what the 

contribution of episodic memory to these effects is; in other words, it is unclear how episodic 

the memories driving these behavioural effects are. One possibility in which episodic 

memory could be seen to drive these effects is if we assume that during sentence processing, 

participants encode a rich, contextualised episodic representation that includes both the 

preceding sentence context as well as the sentence-final critical word bound together (this 

would be in line with the episodic context account mentioned above; Curtis et al., 2022; 

Gaskell et al., 2019; Mak et al., 2023). In the test phase, participants could then rely on this 

rather rich memory trace to help guide their decisions. Under this account, it would not be 

surprising to see better memory for old Incongruent items, since these could have been 

encoded more strongly due to prediction errors supporting their encoding at exposure. They 

could also be easier to label as new, since they do not match the encoded episodic memory 

traces at all. The worse performance for old High Ambiguity items could possibly be 

underpinned by having to bind a slightly fuzzier word representation to the contextual 

episode, which could lead to numerically weaker memory compared to binding a less fuzzy 

word representation (Low Ambiguity) and statistically worse memory compared to binding a 

representation boosted by prediction error to the contextual memory (Incongruent). An 

episodic account could similarly explain participants’ worse performance on Low Ambiguity 

lures by pointing to the influence of a rich, contextual episodic memory into which these 

lures seem to fit very nicely.  

However, it is also possible to explain the pattern of behavioural results reported here 

by postulating the contribution of a stronger semantic, rather than episodic component. In that 

view, during processing, participants build up a relatively underspecified memory trace (in 

terms of contextual, episodic details) that may be conceptualised as a blend of all the 
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semantic activation received during processing of the sentence. Such a semantic memory 

trace would also allow participants to accurately accept old Low Ambiguity words (since they 

match the semantic activation of the previously comprehended sentence), and might lead to 

worse performance on High Ambiguity items if at test they are not disambiguated to fit the 

previously encountered context (e.g., the more dominant meaning of “bed” does not fit with 

the semantic representation that may have been built up during processing of “There were 

weeds growing in the bed”). It is somewhat more difficult to explain participants’ solid 

recognition performance for old Incongruent words, since they do not seem to fit that 

semantic memory trace, although it is possible that prediction-error driven encoding may 

have stepped in to preferentially encode these words in a separate fashion, so there may be a 

separate memory trace available for participants to rely on at test. Regarding the new items, 

under a semantic view, it should be easy for participants to reject new Incongruent lures, 

which is also what the results suggest. On the other hand, participants should struggle more to 

reject Low Ambiguity lures (e.g., “garden”, for the example above), since they closely match 

the semantic representation they may have formed during exposure, so relying on a semantic 

memory trace of the sort described above would lead them to accept Low Ambiguity lures. 

Therefore, in sum, based on the current data, it is impossible to definitively rule for one or the 

other account, since both provide possible explanations or routes for how participants may 

have arrived at making the decisions at test that are reflected in the behavioural results 

reported in this chapter. 

Moving on to the EEG results, I found distinct oscillatory patterns supporting the 

processing of lexical-semantic ambiguity and incongruency. My first neurocognitive 

hypothesis was partially confirmed in that I observed an increase in power in the theta band 

for the incongruent condition. Moreover, in line with my second neural hypothesis, alpha/beta 

desynchronisation supported the processing of lexically ambiguous and incongruent endings, 

potentially by inhibiting alternative meanings. However, I found no links between either theta 

nor alpha/beta oscillations and subsequent memory. Below, I will comment in more detail on 

the role of these respective neural oscillations in language processing and memory as well as 

the implications for theoretical models of flexible language comprehension. 

My first finding is in line with the results of an MEG study by Pu and colleagues (2020), 

where they also found that incongruent words elicited an increase in theta power. These 

results are therefore consistent with an interpretation where theta oscillations play an 
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important role in indexing semantic incongruency. Speculating on the underlying processes 

that occur during the processing of semantically incongruent words, it is possible that theta 

may act as a type of “error signal”, either triggering reinterpretation of the sentence, or a re-

evaluation of whether the usual standard of semantic coherence and congruency applies. 

However, considering the somewhat mixed literature around theta oscillations in language 

comprehension (and the wider memory literature more widely), it is difficult to propose a 

very clear role for theta oscillations on the basis of the current results, over and above the 

finding that they appear to be sensitive to violations of semantic congruency (which 

replicates a previous, similar study). 

 My second noteworthy neural finding is concerned with the lack of significant theta 

effects for lexically ambiguous words. This result does not align with the hypothesis that 

selecting the contextually appropriate meaning of an ambiguous word would require 

additional semantic control or binding that might be reflected in increased theta power, or that 

we might expect increased theta power as an indicator of more difficult lexical access. One 

possible explanation for the absence of significant theta effects might be to do with the 

(functional) anatomy of the human brain. It is commonly assumed (and has been 

experimentally verified extensively; e.g., Buzsáki, 2002; Lega, Jacobs, & Kahana, 2012) that 

memory-related as well as possible language-related theta oscillations are generated in the 

hippocampus (i.e., they emanate from a subcortical structure), whereas scalp EEG primarily 

detects cortical oscillatory sources. Perhaps it would have been possible to detect traces of 

hippocampal theta with MEG (rather than EEG). However, it is important to note that being 

able to find evidence for significant increases in theta power for semantically incongruent 

endings but not for lexically ambiguous endings could either mean that the theta signal is 

larger for the more apparent linguistic violation (the incongruent endings), or that these two 

processes, incongruency detection and semantic ambiguity resolution, are driven by two 

distinct underlying mechanisms, and potentially reliant on distinct neural underpinnings. 

The third important finding from the EEG results concerns the role of alpha and beta 

oscillations. I found that alpha and beta desynchronisation reflected the processing of both 

semantic incongruence and lexical-semantic ambiguity, possibly linked to cognitive control 

and task-relevant inhibition in both cases (Jensen & Mazaheri, 2010; Piai et al., 2020). It is 

conceivable that the cognitive control demands may be rather similar for incongruent and 

ambiguous word processing, in that they both require some contextually irrelevant meanings 
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to be suppressed, and attention to be shifted elsewhere perhaps. More precisely, the 

desynchronisation observed for the processing of the semantically incongruent words could 

be consistent with possible increases in attentional engagement and the updating of internal 

linguistic representations (see also, e.g., Zioga, Weissbart, Lewis, Haegens, & Martin, 2023). 

Similarly, the desynchronisation observed for lexically ambiguous words might reflect 

increased cognitive control demands due to the competition between different word 

meanings, which might have to be resolved in order to select the contextually appropriate 

meaning out of all the accessed or activated ones. Taken together, the alpha/beta results 

reported in this study seem to indicate that semantic ambiguity resolution and semantic 

conflict (incongruency) resolution might draw on shared (possibly domain-general) control 

processes (Piai et al., 2020). 

Finally, turning to the hypothesised link between the neural oscillations under 

investigation and memory encoding, I did not find any evidence for the hypothesis that 

oscillatory activity during reading would predict subsequent memory performance. Again, it 

is possible that the failure to detect theta effects here might be due to EEG’s limited 

sensitivity to hippocampal oscillatory generators, which are generally assumed to contribute 

to successful memory encoding. It is similarly conceivable, as has been mentioned in the 

Introduction, that there are important distinctions between language comprehension- and 

memory-related theta oscillations. Specifically, considering that there was some evidence of 

theta oscillations contributing to the processing of semantically incongruent information, but 

no evidence that they supported memory encoding, it is possible that the theta underpinning 

language processing is cortical and hence more easily detectable with EEG (cf. Hermes et al., 

2014), while the theta oscillations primarily responsible for episodic memory encoding are 

generated in the hippocampus (Herweg et al., 2020). Finally, participants in this study were 

not instructed to remember anything during the exposure phase and so the memory test was a 

surprise. This was done to make the task more comparable to everyday language processing, 

but perhaps more explicit encoding would have been necessary to be able to observe reliable 

neural signals indexing successful memory encoding. Therefore, although theta 

synchronisation and alpha/beta desynchronisation have previously been associated with 

successful encoding (e.g., Griffiths, Martín-Buro, Staresina, & Hanslmayr, 2021), our task 

involved incidental processing, which may not have evoked the depth of processing that 

would be required to detect differences in memory-related oscillatory underpinnings. It might 

be revealing to run a similar study as the one reported in this chapter, but instead of 



110 
 

instructing participants to simply read the sentences and make semantic judgements about 

them, it could be useful to see if one is able to observe memory-related oscillations that 

predict which words were remembered if participants are explicitly instructed to try to 

remember the sentence-final words.  

In summary, on a behavioural level, lexical ambiguity and incongruency affected 

memory in several ways, pointing to a link between language comprehension and memory for 

language input. Based on these findings, it is somewhat unclear how episodic these memories 

truly are, or whether there is a stronger semantic component underpinning this pattern of 

results. On a neural level, theta oscillations appeared sensitive to incongruent words 

(integration difficulty), but not (as much) to lexical ambiguity. Alpha/beta oscillations 

appeared sensitive to both lexical ambiguity and semantic incongruency, possibly reflecting 

the need for cognitive control and semantic updating in both cases. The weakly hypothesised 

overlap between oscillatory mechanisms supporting memory and language comprehension 

was not supported, possibly suggesting partial independence of oscillatory processes in 

service of memory encoding and language comprehension. Overall, my findings suggest that 

the activation of multiple meanings during the processing of ambiguous words affects 

subsequent memory for the encountered word forms, and point to an important role for 

alpha/beta oscillations in the processing of lexically ambiguous and semantically incongruent 

information. 
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Abstract 

Previous research has shown that encountering an ambiguous word in a sentential context 

that biases its interpretation towards a subordinate meaning leads to that meaning 

subsequently being more easily accessible. This finding, referred to as word-meaning 

priming, illustrates the malleability of word meanings, and research within this paradigm has 

shed some light on the time course and constraints on this type of lexical-semantic updating 

(e.g., Gaskell et al., 2019; Gilbert et al., 2021; Rodd et al., 2013, 2016). However, the 

neurocognitive mechanism underpinning this flexibility remains contested. One explanation, 

called the episodic context account (Curtis et al., 2022; Gaskell et al., 2019; Mak et al., 2023), 

suggests that word-meaning priming is supported by general episodic memory processes, 

whereby word meanings are initially bound to the context they are encountered in by the 

hippocampus. However, to date, neural evidence for the involvement of the episodic memory 

system in word-meaning priming is lacking, with no previous study having investigated the 

neural underpinnings of this type of lexical-semantic retuning. Here, I used optically-pumped 

magnetometer magnetoencephalography (OPM-MEG) to elucidate the neural underpinnings 

of word-meaning priming (n = 27). Based on research pointing to an important role for theta 

oscillations in memory and semantic processing (e.g., Pu et al., 2020), I hypothesised that the 

updating of word meanings might be supported by increased theta power. Behavioural 

analyses showed strong word-meaning priming at both immediate (~20 minutes after 

exposure) and delayed (7-14 days after exposure) test, compared to an unprimed baseline 

established via an independent control group (n = 27). In line with my neurocognitive 

hypothesis, I observed an increase in theta power during the processing of the ambiguous 

target words in context for which a consistent meaning was later provided (compared to 

words for which an inconsistent meaning was provided). Overall, firstly, my behavioural 

findings suggest that under certain circumstances, word-meaning priming may survive for as 

long as two weeks. Secondly, the OPM-MEG results point to an important role for theta 

oscillations in the updating of lexical-semantic information, with theta possibly serving as a 

bridge between language comprehension and memory. 

 

Keywords: Word-Meaning Priming, Memory, Language Comprehension, Neural 

Oscillations, Magnetoencephalography (MEG)   
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4.1 Introduction 

Several strands of psycholinguistic research conducted in the past two decades have 

accumulated evidence in favour of an important role for memory processes and learning 

mechanisms supporting language comprehension. These investigations are concerned with 

adaptive learning processes that optimise the perception of phonemes (Norris, McQueen, & 

Cutler, 2003), the adaptation of the articulatory system to the linguistic statistics in the 

environment (Dell, Reed, Adams, & Meyer, 2000), the acquisition and consolidation of new 

word forms and meanings (Gaskell & Dumay, 2003; Rodd et al., 2012), and the adaptation to 

novel syntactic structures (Ball, Mak, Ryskin, Curtis, Rodd, & Gaskell, 2025; Kaschak & 

Glenberg, 2004; Ryskin, Qi, Duff, & Brown-Schmidt, 2017). Alongside these lines of 

research concerned with the involvement of learning processes in language comprehension, 

there has been an increase in psycholinguistic studies which have made use of specific 

theories from the wider memory literature to investigate flexible language processing and 

comprehension (e.g., Davis & Gaskell, 2009; Gagnepain, Henson, & Davis, 2012). The 

present chapter focuses on an effect called word-meaning priming (Rodd et al., 2013; 2016), 

a type of flexible adaptation or ‘re-tuning’ of the mental lexicon which has been the subject of 

many psycholinguistic investigations in recent years. Several different theories of memory 

have been applied to this effect and experimentally tested in an attempt to describe the 

underlying mechanism supporting this type of lexical-semantic updating. This chapter 

follows in this line of investigation and, in the context of an optically-pumped magnetometer 

magnetoencephalography (OPM-MEG) study, tests a theoretically-motivated neurocognitive 

hypothesis regarding the neural signatures of word-meaning priming. In the remainder of the 

introduction, I describe in detail the experimental paradigm used in the current study, as well 

as previous research that has aimed to shed light on the underlying mechanisms. I then turn to 

what we know about the possible neural underpinnings of this effect, which informed my 

hypotheses regarding the neurocognitive mechanisms of flexible lexical-semantic updating. 

 In studies using the word-meaning priming paradigm (e.g., Rodd et al., 2013, 2016; 

Gilbert et al., 2021), the main finding is that when participants encounter a lexically 

ambiguous word in a sentential context that biases its interpretation towards a subordinate 

meaning, that meaning subsequently becomes more easily accessible. This effect 

demonstrates the malleability of stored word meanings. The longevity of the word-meaning 

priming effect, which extends to minutes or even several hours later, clearly distinguishes it 
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from more short-lived semantic priming, which typically operates across a fraction of a 

second (see e.g., Buchanan et al., 2025, for a recent large-scale, cross-linguistic semantic 

priming study). The standard procedure for a word-meaning priming study is as follows: 

Participants read or hear sentences that contain a lexically ambiguous word (i.e., a word with 

two or more meanings such as ash) in a context that biases interpretation towards the 

subordinate meaning (e.g., “They set up their picnic under the tall ash.” – interpretation: a 

genus of tree). A few minutes after being exposed to sentences like the above, participants are 

asked to generate semantic associates in response to the ambiguous words they have just read 

in sentence contexts, although now the ambiguous words are presented in isolation (this type 

of test is called an associate production task). The usual finding is that the proportion of 

context-consistent (e.g., “tree”) responses increases for ambiguous words that participants 

were exposed to during the exposure phase (compared to words that they have not been 

exposed to). This suggests that comprehending the ambiguous words in sentence contexts in 

the exposure phase biases interpretation towards the subordinate meaning. 

 In recent years, much attention has been paid to the time course of and constraints on 

word-meaning priming, with the aim of elucidating the underlying mechanism (see e.g., 

Gaskell, Cairney, & Rodd, 2019; Gilbert et al., 2021; Rodd et al., 2013, 2016). For example, 

an early investigation into the longevity of this type of lexical-semantic updating suggested 

that word-meaning priming, or at least one of perhaps multiple components driving the effect, 

was relatively short-lived (Rodd et al., 2013, 2016). Specifically, Rodd et al., (2016) found 

evidence for word-meaning priming at delay intervals of 1 minute, 20 minutes and 40 

minutes, but the effect was strongest at the shortest (1 minute) delay interval between 

exposure and test. Follow-up experiments further contributed to mapping out the time course 

of the word-meaning priming effect, showing a gradual decay in priming over the course of a 

few hours (Rodd et al., 2016). Taken together, this suggests that there is likely at least one 

rather short-lived component involved in word-meaning priming, reflected in the increased 

priming strength of the very short delay (1 minute), but the maintenance of priming after 20 

and 40 minutes suggested more long-lasting alterations to the lexical-semantic language 

store. 

 Initially, these word-meaning priming effects were interpreted within a connectionist 

framework in which (ambiguous) word forms and meanings are represented in a highly 

distributed lexical network (Rodd et al., 2016; cf. Rodd, Gaskell, & Marslen-Wilson, 2004). 
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These types of connectionist networks are assumed to model the cognitive representations of 

words in semantic memory, where the result of language exposure would be an adjustment to 

connection weights representing long-term changes in the neocortical language network (cf. 

neocortical learning more generally, e.g., Elman, 2005). In this view (known as the immediate 

alteration account), experiencing an ambiguous word in context should lead to a direct 

alteration of the connection strengths between the lexical form and the associated meaning 

units, thereby strengthening the connection between the encountered word form and the 

meaning that was comprehended (Rodd et al., 2016). This shift in connection strength would 

facilitate the activation of the primed meaning compared to the unprimed (and not recently 

strengthened) one. This model is therefore able to explain why participants are more likely to 

retrieve a primed meaning which they have recently experienced in a sentence context. 

However, it is more difficult to explain the decay function that was observed whereby 

priming weakens throughout the day, and more specifically why it flattens off rather strongly 

within the first few minutes but afterwards decays more gradually (Rodd et al., 2016). While 

it is possible to see this observed decay as a consequence of further updating of the 

connections between other units due to subsequent exposure to unrelated linguistic input that 

takes place after priming (which could affect the previously tweaked connections linking the 

primed word form and meaning), it is less clear why the decay is stronger shortly after 

priming and then weakens as more time passes (until priming becomes no longer detectable). 

While the above has been the predominant interpretation of the underlying 

mechanism of word-meaning priming initially, more recent investigations have suggested an 

alternative account to explain this type of lexical-semantic updating. The core idea is the 

hypothesis that the lexical-semantic retuning documented in word-meaning studies is not, or 

at least not exclusively, the result of immediate, direct, neocortical adjustments to the form-

meaning connections, as would be assumed under a distributed connectionist framework, but 

rather is supported by the episodic memory system, which encodes the association between 

the primed word form and the semantic context in which it was encountered (see e.g., 

Gaskell, 2024, for further discussion). Traditionally, episodic memory is defined as a type of 

declarative memory which includes information about the specific context it was encoded in 

(Tulving, 2002). More recent accounts of word-meaning priming suggest that contextually 

rich memory traces of that sort are acquired during the comprehension of the ambiguous 

words and can be drawn upon in a subsequent test. Put differently, this more recent account 

hypothesises that during comprehension, a temporary episodic memory trace binding together 
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the words encountered in the context of the sentence is encoded. It is this memory trace that 

participants could draw on to inform their decisions in the test phase, i.e., this memory trace 

could bias participants’ responses towards the meaning in which they have previously 

interpreted the ambiguous target word (Gaskell et al., 2019). Given that this alternative 

account hypothesises a critical role for episodic memory processes in underpinning the type 

of contextually-driven lexical-semantic updating described above, it was termed the episodic 

context account (Curtis, Mak, Chen, Rodd, & Gaskell, 2022; Mak, Curtis, Rodd, & Gaskell, 

2023). 

With regard to how the episodic context account could explain the time course of the 

previously observed word-meaning priming effects, the episodic memory system is known to 

support the rapid encoding of new associations (like those hypothesised to be formed during 

the exposure phase of a word-meaning priming experiment, and during language processing 

more generally); however, these freshly formed memory traces have also been shown to 

decay rather rapidly (e.g., Hardt, Nader, & Nadel, 2013). Considering these two points, it is 

possible that the episodic memory system, primarily underpinned by the hippocampus and 

more broadly the medial temporal lobes (Moscovitch, Cabeza, Winocur, & Nadel, 2016; 

Tulving, & Markowitsch, 1998), might support the word-meaning priming effects observed at 

relatively early test latencies, but may also be able to account for the decay observed over the 

course of the next few hours following the exposure to the critical target words (i.e., the 

pattern of results found by Rodd et al., 2016).  

 There are thus two competing explanations regarding the neurocognitive substrates of 

the word-meaning priming effect. On the one hand, the immediate alteration account 

proposes that the effect is the result of direct neocortical changes within the existing lexical-

semantic network, with the effect of strengthening the connections between the encountered 

word form and the comprehended meaning (e.g., Gilbert et al., 2018). On the other hand, 

according to the episodic context account, word-meaning priming could be underpinned by 

the episodic memory system, which binds the ambiguous word form to the semantic context 

in which it was encountered. This creates a novel and perhaps temporary memory trace that 

may bias participants when they are asked to produce associates in response to the ambiguous 

target words (Gaskell et al., 2019). One important difference between these two accounts is 

the prediction they make regarding the influence of an extended consolidation period 

including a sleep interval. If it is the episodic memory system that underpins word-meaning 
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priming, which is what the episodic context account predicts, then one corollary prediction is 

that sleep-associated memory consolidation processes (involving the replay of memory traces 

that were acquired during wake; Rasch & Born, 2013; Brodt et al., 2023) should help to 

stabilise the recently acquired memory trace consisting of the ambiguous word form and the 

surrounding semantic context. In contrast, the immediate alteration account would not predict 

any role for sleep-associated memory consolidation processes since all the hypothesised 

updating has already occurred right after the ambiguous word was encountered in its 

sentential context. 

 To compare the sleep-related predictions of the above accounts, Gaskell et al. (2019) 

set out to investigate whether the word-meaning priming effect is better preserved over a 

period of time involving sleep (which would potentially enable episodic memory 

consolidation) compared to wake. Their findings showed that the contextual priming of word 

meanings is maintained over a consolidation period involving sleep, but not over a 

comparable time period consisting of a wake-only interval (see also Mak et al., 2023). This 

was interpreted as further evidence for the episodic context account. While these behavioural 

experiments were not set up to specify the neural underpinnings of the observed word-

meaning priming effect, the results hinted at the possibility that the hippocampus, or more 

broadly the medial temporal lobe, may have been involved, as one might not expect there to 

be consolidation effects if lexical-semantic updating were supported by immediate alterations 

of neocortical connections. Based on their results, Gaskell et al. (2019) instead proposed that 

the same hippocampal circuitry that is responsible for episodic declarative memory tasks 

(e.g., paired-associate learning) and which are typically sensitive to sleep-associated 

consolidation might also support the updating of lexical-semantic representations by binding 

the encountered word form to its context at encoding. This would explain the immediate 

word-meaning priming effect via the recently acquired episodic memory biasing participants 

to provide an associate response that is related to the word meaning they have comprehended 

in earlier sentences (Gaskell et al., 2019). Crucially, during consolidation, this representation 

may be integrated into existing lexical knowledge structures to optimise future 

comprehension. 

Therefore, the episodic context account argues for a view where word-meaning 

priming is supported by general episodic memory processes. It suggests that during 

comprehension, an episodic memory trace is formed in which word meanings are bound to 
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the context they were encountered in. By this account, the encoded episodic representation of 

the language input serves as an additional source of information to guide later interpretation 

of a previously comprehended word. Moreover, the memory trace that was encoded during 

comprehension may further be used to update stored language knowledge via sleep-

associated consolidation. This might serve to ensure that the stored representations accurately 

reflect the statistics of the linguistic environment, and it may allow listeners or readers to 

optimise future interpretations. 

Recent research looking at the time course and underlying mechanisms of lexical-

semantic updating has thus accumulated some evidence for an important role of episodic 

memory processes. However, what is currently missing from this picture is an investigation 

of the neural correlates of this effect. As mentioned above, while Gaskell and colleagues 

(2019) have previously hypothesised that word-meaning priming may be supported by the 

hippocampus, a key structure for episodic memory encoding, to date, neural evidence for the 

involvement of the episodic memory system in word-meaning priming is lacking, with no 

previous study having investigated the neural underpinnings of this type of lexical-semantic 

retuning. Linking word-meaning priming to neural signatures that have previously been 

linked to episodic memory processing might provide further indirect evidence that episodic 

memory supports the updating of stored word meanings by encoding a memory trace of the 

comprehended meaning that is bound to the context it was experienced in (as predicted by the 

episodic context account; Gaskell et al., 2019). 

In the present study, I used an advanced neuroimaging technique (OPM-MEG) to 

investigate the contribution of the episodic memory system to the updating of stored word 

meanings. Specifically, I aimed to establish whether neural signals of successful episodic 

memory encoding are linked to the strength of word-meaning priming, as would be predicted 

by the episodic context account. I specifically focused on theta oscillations, neural 

oscillations typically between ~4-8 Hz, which have been found to link the hippocampus and 

neocortical regions and thereby provide connections among distributed memory 

representations (Covington & Duff, 2016; Herweg, Solomon, & Kahana, 2020; Kota, Rugg, 

& Lega, 2020). Theta oscillations have consistently been associated with successful episodic 

encoding, with increases in theta power during the encoding or immediate recall of a stimulus 

linked to better subsequent memory for that stimulus, both immediately following exposure 

as well as after a consolidation period (e.g., Backus et al., 2016; Heib et al., 2015; see 
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Herweg et al., 2020, for a review of theta oscillations and memory). Therefore, one might 

expect theta oscillations to be involved in lexical-semantic updating if episodic memory plays 

a crucial role in that process.  

Moreover, theta oscillations also appear to play an important role in lexical-semantic 

processing during language comprehension (see e.g., Bakker-Marshall, Takashima, 

Schoffelen, van Hell, Janzen, & McQueen, 2018; Bastiaansen, van der Linden, ter Keurs, 

Dijkstra, & Hagoort, 2005; Bastiaansen, Oostenveld, Jensen, & Hagoort, 2008), further 

strengthening the hypothesis that they may be involved in lexical-semantic updating. For 

instance, in an early EEG study, Bastiaansen, van Berkum and Hagoort (2002) observed a 

gradual increase in (slow) theta power (~3 Hz) during sentence processing, which they 

suggest might reflect the formation of an episodic memory trace driven by the hippocampus 

as the sentence unfolds. Later work in this line of research has demonstrated that theta 

oscillations play an important role in retrieving stored word representations (Bastiaansen et 

al., 2005; Bakker et al., 2015; Bakker-Marshall et al., 2018). In line with the above, Piai et al. 

(2016) used intracranial EEG recordings to provide evidence for the involvement of 

hippocampal theta oscillations in the generation of sentence meaning in cases where a 

sentence strongly constrained for a specific sentence-final word. On the basis of their results, 

Piai and colleagues argued that theta oscillations play a critical role in linking incoming 

words to stored semantic knowledge.  

Perhaps the most compelling evidence for the involvement of theta oscillations in 

language comprehension comes from a study by Pu, Cheyne, Sun, and Johnson (2020), where 

MEG was used to characterise the role of hippocampal theta activity during language 

comprehension. Pu and colleagues observed increased hippocampal theta power when 

participants read a semantically anomalous sentence-final word (e.g., “Mary is packing one 

mate.”), but no theta power increase for syntactically incorrect sentence endings (e.g., “Mary 

is packing one bags.”) compared to semantically and syntactically well-formed sentences. 

These results suggest that hippocampal theta oscillations might specifically track lexical-

semantic relations. Both conditions exhibited significant theta phase coupling between the 

right hippocampus and left superior temporal gyrus (STG), an important region in the cortical 

language network which might be responsible for integrating top-down predictions and 

bottom-up input (Gagnepain, Henson, & Davis, 2012). This connection between the right 

hippocampus and left STG may provide an important means of information exchange 
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between the memory and language systems that might underpin the generation of sentence 

meaning based on the integration of incoming information and stored knowledge. 

The above studies suggest that theta oscillations seem to be involved in language 

tasks that require accessing stored word forms as well as the binding of multiple elements 

(e.g., stringing words together in a sentence to comprehend its meaning, and potentially 

binding words to the general context, as predicted by the episodic context account; see also 

Backus, Schoffelen, Szebenyi, Hanslmayr, & Doeller, 2016, regarding the binding function of 

theta). Moreover, oscillatory activity in the theta band has also consistently been linked to 

episodic memory encoding (e.g., Herweg et al., 2020). Taken together, this neural mechanism 

would thus appear ideally suited to underpin the updating of linguistic meanings by binding 

an ambiguous word to its context, resulting in an episodic memory trace that can later be 

integrated into and be used to update stored lexical-semantic representations. 

The present study used OPM-MEG with experimental tasks based on the word-

meaning priming paradigm to investigate this possibility. I aimed to look at the relation 

between theta oscillations at exposure and the extent of lexical-semantic updating after a brief 

(~20-minute) delay. I hypothesised that theta power during the processing of an ambiguous 

target word will be linked to successful word-meaning priming, with higher theta power at 

encoding leading to more responses consistent with the subordinate, primed meaning. 

Attempting to link word-meaning priming to neural signatures that have previously been 

linked to episodic memory processing might provide further indirect evidence that episodic 

memory underpins not only the encoding of novel stimuli or associations, but that it also 

supports the updating of stored word meanings by encoding a memory trace of the 

comprehended meaning that is bound to the context it was experienced. Behaviourally, I 

predicted significant word-meaning priming after a ~20-minute delay, i.e., I predicted a 

significantly higher proportion of responses consistent with the primed, subordinate meaning 

in the experimental condition compared to an unprimed baseline. This unprimed baseline was 

collected via a separate group of control participants who were not exposed to the critical, 

ambiguous prime words (see Methods for details). This study also included a delayed test 

which took place 7-14 days after the exposure phase, where participants completed the 

associate production task again. I included this test to see whether it would be feasible to run 

word-meaning priming studies within-participants (i.e., if it was possible to treat the delayed 

test as a baseline, in case there is no evidence of priming at that delay interval) and to have an 
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additional measure regarding the longevity of the word-meaning priming effect, but I did not 

have a clear hypothesis for this delayed test. 

Below, I present the analyses that relate to the subset of my pre-registered hypotheses 

that refer to either behavioural effects (i.e., behavioural evidence for word-meaning priming) 

or neurocognitive effects in sensor-space (i.e., the relationship between theta power at 

encoding, measured at the sensor level, and word-meaning priming). As will be detailed 

below, the present study included the collection of structural MRIs to enable source space 

analyses; however, due to time constraints, localisation of the sensor-space effects reported 

here was not feasible in the context of this chapter. I return to this and other possibilities for 

future analyses in the Discussion, and plan to execute these analysis plans in future papers. 

 

4.2 Methods 

4.2.1 Participants 

Thirty-two participants, aged between 18 and 35 years, were recruited from the University of 

York student population. Eleven of those participants were recruited via word-of-mouth and 

recruitment posters as part of an MSc project, and these participants did not receive any 

monetary compensation. The remaining 21 participants were recruited via the Department of 

Psychology’s research participant pool (SONA) and received either 4.5 course credits or £24 

(Amazon voucher). The exclusion criteria were the same for the entire participant sample: All 

participants were native English speakers with no known histories of neurological, 

neuropsychiatric, language or attentional disorders, not taking psycho-active medication, and 

were not photosensitive (all criteria were assessed via self-report and during an in-person, 

pre-study screening). They all had normal or corrected-to-normal vision, and all participants 

provided written informed consent prior to participating. The study had received ethical 

approval by the York Neuroimaging Centre’s Research Ethics Committee. 

 The pre-registered target sample size for this study was 30 usable datasets for both the 

main experimental group and the control group (see https://osf.io/5veq4/overview for the pre-

registration). This sample size target exceeds the recommendation by Brysbaert and Stevens 

(2018) to aim for around 1600 observations per condition when using generalised mixed-

effects models for statistical analysis (30 participants x 100 targets = 3000 observations per 

condition overall). Regarding previously published MEG papers, there was no direct 

https://osf.io/5veq4/overview
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precursor or recommendation on which to base the current study’s target sample size. The 

most comparable prior study (Pu et al., 2020) used 15 participants in Experiment 1 and 17 

participants in Experiment 2. These previous experiments contained more items than the 

present study does; however, overall, there would still be more observations per condition in 

the current study (3000, cf. 1200 observations per condition in Experiment 1 and 1156 

observations per condition in Experiment 2 in Pu et al., 2020). I thus aimed for 30 complete 

datasets in line with the behavioural power calculation and estimates based on previous MEG 

experiments to ensure enough power to detect my hypothesised effects. However, after 

exclusions due to technical difficulties (n = 3; resulting in missing immediate behavioural 

data for 2 participants and missing delayed behavioural data for 1 participant), one participant 

failing to understand the instructions in the associate production task (always repeating the 

displayed word instead of providing the first associate that came to mind; n = 1), and one 

participant not coming back for the delayed test and MRI scan (n = 1), the final sample size 

for the main OPM-MEG experiment was 27 participants (17 females; mean age = 20.52 

years, SD = 3.58 years, range = 18-34 years). To match this sample size, I also recruited 27 

participants for the control group (19 females; mean age = 19.26 years, SD = 3.37, range = 

18-31 years). Twelve control participants were tested in the lab in person, and 15 participants 

were tested online via Gorilla (recruitment was moved online due to time constraints). Both 

the in-person and online control participants were recruited via the University of York SONA 

participant pool with identical exclusion criteria, and there were no differences in the mean 

performance between in-person and online participants. Note that for the OPM-MEG 

analyses that rely on neural responses during the processing of the experimental sentences 

and the immediate responses (produced ~20 mins after exposure) only, I used all available 29 

datasets that consist of an OPM-MEG recording and complete immediate test data to 

maximise power. 

 

4.2.2 Materials 

4.2.2.1 Stimuli 

The key stimuli consisted of 100 ambiguous words, which were shown to the participants in 

the main OPM-MEG experiment in a sentence that biased each ambiguous word to (one of) 

its subordinate meanings (e.g., the word “ash” was presented in the sentence “They set up 

their picnic under the tall ash”). The sentences were adapted from stimuli used in previous 



123 
 

word-meaning priming studies (e.g., Gaskell et al., 2019; Rodd et al., 2016) and contained an 

ambiguous word in a context that biased towards a highly subordinate meaning (i.e., a non-

dominant, infrequent meaning was primed). The mean dominance of the primed meanings 

used in this study was 0.134 (SD = 0.085) according to dominance norms created by Gilbert 

and Rodd (2020). These norms were compiled via several large-scale surveys and across 

multiple word-meaning priming experiments and should therefore be a good estimation of the 

dominance of these ambiguous words in present-day British English. This means that on 

average, roughly 13% of occurrences of these ambiguous words will feature the subordinate 

meaning primed here. In the current study, each target word appeared at the end of the 

sentence. The sentence-final target words were three to eight letters long (mean = 4.75, SD = 

1.19). In the main OPM-MEG experiment, each sentence was followed by a semantic 

relatedness task, where participants were asked to assess whether a given word was related to 

the sentence they just read (e.g., they were asked to indicate if the word “tree” was related to 

the previous sentence). This was meant to ensure that participants interpreted the sentence, 

and especially the ambiguous word, correctly. For the critical sentences containing the 

ambiguous words, the probe word was always related to the meaning of the sentence. The 

length of the probe word ranged from three to twelve letters (mean = 6.20, SD = 2.00). 

 In the main OPM-MEG experiment, 20 filler sentences were randomly interspersed 

with the critical primed sentences containing the ambiguous target words. These sentences 

did not contain any ambiguous words (e.g., “He tried to take a photo of the waterfall”), and 

they were included in order to prevent the participants from becoming aware of the 

ambiguous words in experimental sentences. The associate probe words presented after these 

sentences were unrelated to the meaning of the sentences. The sentence-final words of the 

filler sentences ranged from three to eleven letters (mean = 5.90, SD = 2.22; with no 

statistically significant difference compared to the length of the prime words). 

 For participants in the main OPM-MEG experiment, the full stimulus set thus 

consisted of 120 sentences, followed by the respective probe words. The exposure sentences 

were divided into two equal sets of 60 stimuli each, with a brief (~1 minute) break in between 

each half (this was done to ensure optimal MEG recording quality). The participants in the 

control experiment were exposed to the 20 filler sentences only (not the critical sentences 

containing the target words acting as primes). Both groups of participants completed the 

associate production task, providing responses for the same 100 ambiguous words (those 

which appeared in sentence-final position in the MEG experiment, but not control 
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experiment, exposure phase). The complete stimulus set can be found in Appendix C. 

 

Figure 4.1 

Schematic of the procedure for the OPM-MEG study 

 

Note. The main OPM-MEG experiment consists of all the tasks depicted above (Exposure 

Phase, Filler Task, Immediate Associate Production Task, Delayed Associate Production 

Task). In the main OPM-MEG experiment, parts 1-3 were completed while OPM-MEG was 

recorded, while the delayed associate production task was completed on a PC in a quiet 

testing room. The control experiment involved only the written associate production task 

completed on a PC. See Methods for further details (including timing of the stimuli). 

 

4.2.3 Design 

Overall, there was one manipulated variable, Priming, which had three levels: Primed: 

Immediate – The target words were presented to the participants in the experimental group 

during the exposure phase where the sentential context biases interpretation towards the 

subordinate meaning, and then presented after a brief delay of ~15-20 minutes (the immediate 

test); Primed: Delayed – The target word were presented to the experimental participants in 

the exposure phase, and then again during the delayed associate production test which took 

place 7-14 days after the first (immediate) session: Unprimed – The target words were 
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presented to a control group without prior exposure to them in sentential contexts (no priming 

manipulation). 

 One of the comparisons is therefore within-participants, comparing responses in the 

associate production task immediately after exposure (Primed: Immediate) to the responses 

after a delay of 7-14 days (Primed: Delayed). The other important contrast is between-groups, 

comparing the responses of the control group in the associate production task (Unprimed) to 

the responses provided by the experimental group in the immediate (Primed: Immediate) and 

delayed (Primed: Delayed) associate production tasks. 

 For the MEG analysis, we compared the neural responses elicited by ambiguous 

words that were subsequently (i.e., in the immediate associate production task) produced with 

a consistent associate (Consistent trials) compared to ambiguous words for which an 

inconsistent associate was produced (Inconsistent trials). Secondly (and less centrally), we 

also compared the neural responses elicited by ambiguous (primed) compared to 

unambiguous (filler) trials. 

 

4.2.4 Procedure 

The study consisted of two experimental sessions (see Figure 4.1). In the first session (taking 

around 1 hour 45 mins, including set-up time), participants completed the exposure phase and 

the immediate associate production task while OPM-MEG data was recorded. Between the 

exposure phase and immediate associate production task, there was a 5 min filler task which 

consisted of participants watching a brief excerpt from the film “500 Days of Summer” with 

minimal linguistic content. This task was run as part of a York Neuroimaging Centre cross-

lab collaboration to build a database of OPM-MEG data for later analysis as part of several 

different projects, but for the purpose of the current study, it served merely as a filler task to 

separate the exposure and associate production phases. The mean duration between seeing a 

word in the exposure phase and seeing it in the associate production task was around 20 

minutes for each participant. Seven to 14 days after the first session, participants came back 

to complete the delayed associate production task. This was also when structural MRI images 

were acquired using a Siemens 3T scanner (though note that the MRI data do not feature in 

the analyses reported in this thesis). 
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 For the first session, participants arrived at the York Neuroimaging Centre and 

completed the relevant consent forms. They were again screened to ensure they fit the 

eligibility and safety criteria for the MEG and MRI scans (this had been preceded by an 

earlier, in-person screening when participants first signed up for the study), and the relevant 

eligibility form was signed. Then, head digitisation using a LiDAR scanner was performed, 

and the participants were reminded of the tasks they were asked to complete in the scanner. 

They were then seated in a slightly reclined MEG chair inside the magnetically shielded 

recording chamber. The OPM-MEG helmet was lowered down to the participant’s head, and 

all sensors were positioned so that they were in contact with the participant’s head. A second 

head digitisation was performed once participants were seated and fitted with the OPM-MEG 

helmet. Then, participants were given the four-button response box with which they 

submitted their responses during the exposure phase, and a soft ball which participants could 

squeeze to alert the experimenter if they were uncomfortable or wanted to abort the 

experimental session. Participants were instructed to remain still during experimental runs 

and to keep their eyes fixated on the centre of the screen to avoid (eye) movement artefacts. 

Before the start of the experiments, it was verified that the stimuli were clearly visible to the 

participant, and the experimenter kept checking on the participant between runs. Overall, 

both at the initial pre-screening and again at the start of the OPM-MEG session, participants 

were told that the study aimed to investigate the neural basis of language comprehension; 

however, they were not informed about the priming manipulation (or that there was any 

relationship between the exposure phase and the associate production task). They were asked 

to simply read all the sentences and words that appeared on the screen, and to respond to the 

stimuli as they were instructed (further details on the tasks below). Note that they were 

specifically not asked to remember anything about the sentences or the words in this study. 

 During the exposure phase, participants were presented with 100 sentences, each 

containing a sentence-final target word in a sentential context which biased the word’s 

interpretation towards its subordinate meaning (e.g., bark - outer covering of a tree). There 

were also 20 filler sentences that did not end with an ambiguous word, which were randomly 

intermixed with the critical sentences. To ensure consistent data quality for the MEG 

recordings, the exposure phase was split into two halves of approximately 16.5 minutes, with 

50 experimental and 10 filler sentences presented in the first half, and the other 50 

experimental and 10 filler sentences presented in the second half. Within each half, the 

sentences were presented in a random order, but the entire stimulus set was split into two 
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halves in a consistent way so that there would be a delay of at least ~20 minutes between 

exposure to a word in the exposure phase and exposure to it at test (the stimuli in the 

associate production task were also split into the same two halves, with 50 words appearing 

in the first half and 50 appearing in the second half; however, only one recording was 

obtained there since the duration of the entire task was shorter, ~14.5 minutes). 

In the exposure phase, each sentence was presented visually word-by-word, in line 

with a previous study showing theta effects during language processing (Pu et al., 2020). 

Each trial started with a 500ms fixation cross (+). This was followed by word-by-word 

presentation of the sentence, with all but the sentence-final word shown on the screen for 

500ms. Participants saw a grey screen for 500ms between each word of the sentence. Before 

the critical sentence-final word, the grey screen was presented for 1000ms. The sentence-final 

word was then displayed for 2000ms. After the entire sentence had been read, participants 

were asked to rate how surprised they were to encounter the sentence-final word (on a scale 

of 1 to 4: 1 → “Not at all surprising”, 4 → “Very surprising”) using the four buttons on the 

button box. To ensure that participants were comprehending the target sentences, and 

especially the ambiguous target words, with their intended meaning, each target sentence was 

followed by a probe word that was related to the overall meaning of the sentence, where 

participants had to decide whether or not the word was related by pressing one of two 

designated buttons on the response box. The 20 filler sentences ended with the dominant 

meaning of a low-ambiguity word, and there the probe word was not related to the overall 

sentence meaning. The inter-trial interval was 2000-2500ms (randomly jittered). After the 

exposure phase, participants watched a short (~5 min) film clip with minimal linguistic 

content and answered a few short questions. This was the OPM-MEG cross-lab cohort video 

task, as explained above, and served as a filler task for the current project. 

After the filler task, participants moved on to complete the associate production task 

(the immediate test of word-meaning priming). In that task, participants were presented with 

the primed target words and were asked to provide the first word that came to mind upon 

seeing each word by saying that word out loud. Responses were recorded using a custom-

built MEG-compatible microphone that was placed into an empty helmet slot next to the 

participant’s head. Each trial started with a 500ms fixation cross which was displayed 

centrally on the screen. Then, the ambiguous target word was presented for 2000ms, followed 

by a screen that read “RESPOND”, which was presented for 4000ms, during which 
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participants were asked to provide their verbal response. Participants were instructed before 

the experiment and again right before this task started to only provide their response once the 

screen said “RESPOND”, but to keep in mind the very first word that came to mind upon 

reading the target word. It was stressed to them that it was very important that they not 

change their response during the time they had to wait before they were prompted to produce 

it. The 2000ms delay between the initial presentation of the target word and the response 

screen was added so that a clean segment of data, free of articulatory movement artefacts, 

would be available for future analyses (not reported in this thesis). While the possibility 

remains that participants did not always stick with the word that initially came to mind, this 

danger is also present when written associate production responses are collected, which is 

how this task has usually been administered in earlier studies (e.g., Curtis et al., 2022; 

Gaskell et al., 2019; Gilbert et al., 2021; Rodd et al., 2013, 2016). If anything, in the current 

experiment, participants have slightly less time to produce their responses overall (despite the 

initial delay), which may have further contributed to them sticking with the first word that 

came to mind. After the response screen, the inter-trial interval consisted of a blank screen 

displayed for 2000-2500ms (randomly jittered). After the associate production task was 

completed, the OPM-MEG helmet was removed, participants were escorted out of the MEG 

scanning suite, and they were booked in for the second session which was to take place 7-14 

days after the first session. 

At the second study appointment, participants were first safety-screened for the MRI 

scan, before undergoing a short (~15 minute) scan session where three runs of structural 

scans were acquired. They did not complete any tasks in the scanner, and they were simply 

asked to stay still (they were shown calming clips of natural landscapes and wildlife while in 

the scanner to keep them at least moderately entertained). Once removed from the scanner, 

they completed the associate production task again on a PC in a quiet testing room. This time, 

they typed in their responses instead of saying them out loud, and they were able to proceed 

as soon as they had submitted their response by pressing the “Enter” key. Every other aspect 

of the task remained the same as in part 1 of the study (including how long the target word 

stayed on the screen before participants were able to start typing). 

The responses from the second associate production task served as “Delayed” 

responses and were compared to both the “Immediate” responses collected in part 1 of the 

study (during the MEG scan), as well as to the responses produced by a separate control 
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group which were not exposed to the exposure sentences and whose responses served as fully 

“Unprimed” baseline responses. Comparing the delayed responses to the immediate and 

unprimed responses was meant to reveal if there are any longer-term priming effects (beyond 

a few minutes, but over several days/weeks). We discuss the implications of the outcomes of 

this comparison in the Discussion. A subsidiary benefit of having a delayed associate 

production test is that these delayed responses collected from the experimental participants 

may inform future research design choices (e.g., if the delayed responses are in line with 

unprimed responses of the control group, then it may be possible to run similar experiments 

in future without having to recruit a separate control group). 

Finally, the (unprimed) control group participants completed the same associate 

production task as the experimental participants did in part 2 (i.e., typing in the first word that 

came to mind for each ambiguous word presented on the screen). For this group, the associate 

production task was preceded by the 20 filler sentences, which were not related in any way to 

the experimental sentences and critical ambiguous words. This was done in order to better 

match this control condition to the experimental condition and to ensure that any priming 

effects observed in the experimental group was not simply the result of having been exposed 

to some (unrelated) linguistic material. 

 

4.2.5 Data Acquisition and Preprocessing 

OPM-MEG recordings were performed in a magnetically shielded room using a FieldLine 

HEDscan OPM-MEG system, consisting of 128 sensors arranged in a helmet configuration. 

Prior to starting the experiment, participants’ head shapes were digitised using a LiDAR 

scanner. This was done once outside the scanning suite, and once when the participants were 

seated underneath the OPM helmet, right before the start of the experiment. The LiDAR 

scans are required for co-registering the OPM-MEG data with the MRI scans that were 

acquired as part of the study procedure. However, for the current analyses, only the OPM-

MEG data were used (not the MRI scans), and the data were analysed in sensor space. 

 The MEG data were acquired at 1000 Hz and later downsampled to 250 Hz as part of 

the preprocessing pipeline. The data were bandpass-filtered between 0.5 Hz and 45 Hz for the 

current analyses. Due to the set-up of the FieldLine OPM system on which the data were 

recorded, channels that had dropped out during a run, or that were not functional at the start, 
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were not logged in the MEG data, and therefore could not straightforwardly be interpolated. I 

dealt with this issue by creating a script that collects channels present across all participants 

tested and then adds “dummy” channels to each run where they were missing. Adding a 

missing channel to the data for one participant (e.g., dataset A) involved cloning an existing 

channel from one of the other participants’ data (e.g., dataset B) where that channel existed, 

and then marking it as bad in dataset A so that it could be interpolated (i.e., while it was 

necessary to carry over the data from the existing channel in order to add it to the dataset 

where it was missing, these existing values are not being used in the analysis; instead, the 

channel is being interpolated). Thus, these dummy channels were interpolated using field 

interpolation once they were added to the datasets where they had been missing. The script 

for this process as well as all later analyses can be found on the OSF 

(https://osf.io/4tkrc/overview?view_only=5662c6dc097f4ece916972669f00842b). After all 

missing and/or faulty channels were interpolated, the data were epoched from -800 to 2000ms 

around the onset of the critical sentence-final word. For the analyses reported in this thesis, 

only the exposure phase data were analysed (not the associate production phase data), as all 

my pre-registered analyses were concerned with neural activity during the exposure phase. 

The OPM-MEG data acquired during the associate production task will be analysed as part of 

future projects. The experiment was programmed in PsychoPy (Peirce et al., 2019; which was 

also used to send the triggers to the OPM-MEG system), and the OPM-MEG data were 

analysed using MNE-Python (Gramfort et al., 2013), with the behavioural analyses and 

mixed-effects models run in R (R Core Team, 2025). 

 

4.2.6 Analysis 

For the analysis of the associate production task, binomial generalised logistic mixed-effects 

models were fitted to the trial-level data using the lme4 package (Bates et al., 2014), 

implemented in R (R Core Team, 2025), with consistent responses coded as 1 and 

inconsistent responses coded as 0 (according to whether or not the produced response was 

consistent with the primed subordinate meaning). For the immediate responses, these were 

first transcribed by the author before they were coded as consistent or inconsistent. Responses 

that were acoustically incomprehensible were treated as missing responses (< 1% of all 

responses). Each mixed-effect model contained the random effects of Participant and Item. 

The buildmer package was used to determine the most parsimonious random effects 

https://osf.io/4tkrc/overview?view_only=5662c6dc097f4ece916972669f00842b


131 
 

structure, starting out with the most complex structure (as justified by the research design; 

Barr et al., 2013) and then identifying the most parsimonious model to successfully converge 

via stepwise elimination of random effects. The ‘bobyqa’ optimiser was used to increase the 

likelihood of convergence. To address my behavioural hypothesis, I used a mixed effects 

model with one fixed effect predictor: Priming (in what context the associate responses were 

collected), with three levels: Immediate – in the first test, ~20 minutes after exposure to the 

experimental sentences; Delayed – in the second test, 7-14 days after being exposed to the 

experimental sentences; Unprimed – in a separate control experiment, with no exposure to the 

experimental sentences. The Unprimed condition was used as a baseline, with the Immediate 

and Delayed condition compared to that baseline using treatment coding. 

For the OPM-MEG data analyses, time-frequency representations were created using 

Morlet wavelets for each epoch. These were converted into percentage power change relative 

to pre-stimulus baseline (-400 to -200ms; the baseline window offset was -200ms before 

stimulus onset to avoid spectral leakage). The time-frequency analyses relied on extended 

data windows (-800 to 2000ms) to fit a minimum of 4-5 cycles per frequency (4 cycles for 4 

Hz, 5 cycles for 5 Hz and above, e.g., 5 Hz x 5 cycles = 1s). The time window of interest was 

0-2000ms, reflecting the entire presentation period of the critical sentence-final word. We ran 

two separate cluster-based permutation tests to test for differences between conditions. The 

first and most central comparison was concerned with neural responses elicited by ambiguous 

words that were later (i.e., in the Immediate associate production task) produced with a 

consistent associate (Consistent trials) compared to ambiguous words for which an 

inconsistent associate was produced (Inconsistent trials). More precisely, we specifically 

compared theta power elicited during Consistent trials with theta power elicited during 

Inconsistent trials. This analysis would reveal clusters in time and sensor-space during the 

processing of the critical target word in the exposure phase that differentiate between 

consistent and inconsistent responses produced in the associate production task. A statistical 

difference detected in this analysis would thus point to a neural response that is closely 

associated with word-meaning priming. This is therefore the most important analysis for our 

hypothesis relating to the neurocognitive correlates of lexical-semantic updating, where we 

predict an increase in theta power for Consistent compared to Inconsistent trials. 

For this comparison, we initially specified a threshold value for cluster forming that 

corresponds to a p-value of .05, meaning that each sensor would need to have a threshold 
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value at least as extreme as what corresponded to the statistical threshold of p = .05 (which is 

the most standard approach to initial cluster forming in these types of permutation test). 

However, after inspecting the output of this initial analysis, we decided to increase the 

threshold further since we were originally left with an extensive cluster spanning the entire 

analysis window temporally and almost the entire sensor-space, pointing to substantial 

differences between the conditions (in both time and space). To further explore this cluster, 

we increased the threshold until we obtained separated (and therefore more interpretable) 

clusters. The clusters presented in the Results below reliably form and pass significance 

around a threshold (F) of 100 (corresponding to a p-value of <.001), but either remain as one, 

single uniform cluster with a lower threshold or do not survive significance testing with a 

higher threshold. We would therefore argue that these clusters point to the most meaningful 

differences in the data for this specific comparison. 

The second, subsidiary cluster-based permutation test assessed possible differences in 

theta power elicited by ambiguous words (the critical, experimental words) compared to theta 

power elicited by the unambiguous filler words. I set out to run this analysis to possibly 

obtain a neural correlate of lexical ambiguity processing (since the analysis compares the 

processing of ambiguous vs. unambiguous sentence-final words), as there is currently little 

research investigating the oscillatory underpinnings of lexical ambiguity. Note, however, that 

the experiment was not designed to optimise this analysis (it was designed to assess mainly 

the former comparison), and there are large differences in the number of epochs per condition 

(100 per participant for the ambiguous words vs. 20 per participant for the unambiguous 

words). Therefore, the result of this analysis should be interpreted with caution due to the 

imbalance present in the underlying data. 

 

4.3 Results 

4.3.1 Behavioural Results 

As summarised in Figure 4.2, mean consistency rates were 26.10% (SD = 7.40%) in the 

Immediate condition, 17.40% (SD = 7.42%) in the Delayed condition, and 8.70% (SD = 

4.01%) in the Unprimed condition. In line with my behavioural hypothesis, the mixed-effects 

model revealed a significant word-meaning priming effect, with both the Immediate (β = 

1.54, SE = 0.141, z = 10.91, p < .001), and the Delayed condition (β = 0.925, SE = 0.143, z = 

6.46, p < .001) showing significantly stronger word-meaning priming (i.e., having higher 
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rates of consistent responses) than the Unprimed baseline condition. Comparing the 

Immediate vs. Delayed conditions using a paired-samples t-test showed a significant 

difference between the two primed conditions (p < .001). Including a measure of meaning 

dominance (taken from Gilbert & Rodd, 2022; see Methods for further details) as an 

additional predictor in the model described above did not affect these results; all differences 

between the Priming conditions remained significant (all ps < .001). The dominance ratings 

independently predicted consistency (with more dominant meanings leading to more 

consistent answers; p < .001), but there was no interaction with Priming (ps > .467). I will 

return to the role of meaning dominance below. Overall, these results show that there was 

significant word-meaning priming in the Immediate test, which had decreased in the Delayed 

test, but there was still strong evidence of priming even 7-14 days after exposure to the 

experimental sentences. I discuss the implications of this result in the Discussion. 

 

Figure 4.2 

Proportion of consistent responses in the associate production task (by condition) 

 

Note. Black dots represent individual participant scores (connected by lines for the 

immediate-delayed comparison), with the error bars denoting the standard deviation. 
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To follow up on the somewhat surprising maintenance of priming in the Delayed test, 

we wanted to see if there was anything in the behavioural data that would point to the 

underlying mechanism supporting the maintenance of the higher consistency. Based on visual 

inspection of the given responses (during the rating process), it appeared that there were 

many responses that were repeated from the immediate to the delayed test (i.e., a participant 

would provide the same word in both the immediate and the delayed test). This could perhaps 

be pointing to the contribution of a different type of memory system or learning process, 

supplementing the implicit, contextually driven changes that occur as an effect of recent 

exposure to the ambiguous words in context. It is possible that part of the maintenance is 

driven by a memory trace that has been formed at the first test, consisting of a binding of the 

critical ambiguous probe word and the produced associate, which can then be accessed at the 

delayed test to produce a consistent, repeated response. To assess this possibility, we 

established the proportion of responses that were duplicated from the immediate to the 

delayed test, which led to a figure of 26.10% (SD = 8.34%). Just under one quarter of these 

responses were duplicates corresponding to the context-consistent (primed) meaning, i.e., the 

same response was given in the immediate and delayed test and that response was consistent 

with the primed, subordinate meaning of the ambiguous word (or perhaps rather, that 

response was maintained from the immediate to the delayed test). In a slightly different 

measure, 5.89% (SD = 3.84%) of all responses were both context-consistent and duplicated. 

Figure 4.3 below shows the proportion of duplicate responses divided into context-consistent 

duplicates, and total duplicates. 
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Figure 4.3 

Proportion of duplicate vs. duplicate and consistent responses in the associate production 

task 

 

Note. Black dots represent individual participant scores, with the error bars denoting the 

standard deviation. 

 

Perhaps more revealingly, a further analysis showed that just over 50% of responses 

that were context-consistent in both the immediate and delayed test are exact lexical matches 

(see Figure 4.4 below). This could again suggest that a memory trace of the initial test has 

been retained and is drawn upon in the delayed test. 
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Figure 4.4 

Proportion of responses in the associate production task that are exact lexical matches (i.e., 

the exact same word) vs. mismatches (i.e., not the same word) 

 

Note. Black dots represent individual participant scores, with the error bars denoting the 

standard deviation. 

 

Finally, we wanted to assess in more detail the relationship between the proportion of 

consistent responses and the dominance level of the specific meanings. As briefly explained 

in the Methods, meaning dominance captures how dominant or frequent a given meaning of 

an ambiguous word is compared to the other meanings of that word. As stated above, the 

mean dominance of the primed meanings used in this study was 0.134 according to 

dominance norms created by Gilbert and Rodd (2020). Figure 4.5 below shows the 

correlations between meaning dominance and mean consistency across items. We found 

significant correlations between meaning dominance and consistency for all levels of Priming 

(Immediate: r = 0.486, p <. 001; Delayed: r = 0.412, p < .001; Unprimed: r = 0.296, p = 

.003). Interestingly, the correlations were strongest for the primed conditions (Immediate and 

Delayed), which suggests that items whose primed meaning have a higher dominance are 

more amenable to priming. The correlations for the Immediate and Delayed conditions were 
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not significantly different from each other (z = 1.508, p = .132); and neither were the 

correlations for the Delayed and Unprimed conditions (z = 1.88, p = .061). In contrast, the 

correlations for the Immediate and Unprimed conditions differed significantly from each 

other (z = 2.77, p = .006), i.e., the correlation between meaning dominance and consistency 

was significantly stronger in the Immediate compared to the Unprimed condition. I return to 

this finding in the Discussion. 

 

Figure 4.5 

Correlations between the proportion of consistent responses in the associate production task 

(by condition) and dominance ratings for each ambiguous word 

 

Note. The dominance ratings are taken from Gilbert and Rodd (2020). Black dots represent 

individual item (ambiguous word) scores. As described in the main text, all correlations are 

significant (ps < .003). 

 

4.3.2 OPM-MEG Results 

The pre-registered OPM-MEG results aimed to elucidate the oscillatory correlates of word-

meaning priming, with the specific hypothesis that oscillatory power in the theta band would 
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be linked to successful lexical-semantic updating. Figure 4.6 shows the time-frequency plots 

for ambiguous sentence-final words presented at encoding for which a consistent or an 

inconsistent response was later provided in the immediate associate production task (see 

Methods for further details on the design of the study). There is a widespread increase in 

theta power (across time and frequencies) for the Consistent trials, with only very minor and 

temporally restricted increases in the Inconsistent trials. I did not find any comparable 

changes in oscillatory power in other frequency bands (alpha and beta; 9-20 Hz). 

 

Figure 4.6 

Grand average time-frequency representations in the theta band (4-8 Hz) 

 

Note. Grand average time-frequency representations in the theta band (4-8 Hz) for (A) 

Consistent and (B) Inconsistent trials (see Methods for details). The colour bar displays percent 

power change from the baseline (-400 to -200ms). Across all participants, there were 767 

Consistent trials (26.46% of all trials) and 2132 Inconsistent trials (73.54% of all trials). 

 

The cluster-based permutation test revealed four highly significant clusters (ps < .001; 

see Figure 4.7 below). The first set of two clusters (A, B) spans from ~250-1000ms post-

critical word onset, with one cluster distributed over the left frontal, temporal, and into the 

parietal lobe (possibly mapping onto the canonical fronto-parietal language network; 

Fedorenko, Ivanova, & Regev, 2024; Malik-Moraleda et al., 2022). These clusters span 

across the duration of the canonical N400 evoked response (~200-600ms), an established 

signature of lexical-semantic processing, though extend beyond that in both clusters, 

suggesting a later component perhaps linked to control processes or reanalysis. The second 
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cluster (B) appears over right-lateralised, central sensors, and consists of fewer sensors than 

the left-lateralised cluster. The second set of clusters (C, D) start around 1500ms post-word 

onset, and comprise very similar and for the most part overlapping sensors that were already 

making up the earlier two clusters (A, B), with both a substantial left-lateralised “language 

network” cluster (C) as well as smaller cluster appearing centrally in the right hemisphere 

(D). 

 

Figure 4.7 

Significant clusters for the Consistent vs. Inconsistent trials comparison 

 

Note. Significant clusters for the Consistent vs. Inconsistent trials comparison (see Methods for details). 

On the left side of each panel, the sensors marked with a full circle (instead of just a small dot) form 

part of the significant clusters. On the right side of each panel, the F-values for the significant time 

periods and frequencies are displayed. The red/orange/yellow colours mark the extent of the cluster (in 

time and frequency). (A) Left-lateralised cluster (40 sensors) spanning the time period from ~200-

1200ms post-ambiguous word onset. (B) Right-lateralised cluster (7 sensors) from ~250-850ms post-

ambiguous word onset. (C) Left-lateralised cluster (22 sensors) from ~1500-2000ms post-ambiguous 

word onset. (D) Right-lateralised cluster (3 sensors) from ~1600-2000ms post-ambiguous word onset. 

 

The final OPM-MEG analysis was run to detect possible differences between the 

oscillatory correlates of the processing of ambiguous compared to unambiguous sentence-

final words. The permutation test for the ambiguous vs. unambiguous comparison did not 
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reveal any significant clusters. However, as mentioned above, the comparison was strongly 

imbalanced, with 100 ambiguous vs. 20 unambiguous trials for each participant. While 

cluster-based permutation tests are relatively robust to differences between conditions, the 

present imbalance may have been too much to generate reliable and meaningful results (see 

e.g., Christensen & Zabriskie, 2022, for simulations and theory regarding when permutation 

tests may result in very little power to detect differences between conditions). In future 

analyses, it might be possible to bypass this issue by using bootstrap analyses to create more 

comparable condition sizes (in terms of the number of trials per condition), but since this was 

not a central comparison for the present chapter, it was not attempted at this stage. 

 

4.4 Discussion 

The current study integrated the word-meaning priming paradigm with OPM-MEG to shed 

light on the neural underpinnings of lexical-semantic updating, which forms a critical 

component of flexible language comprehension. This was prompted by psycholinguistic 

research which has accumulated evidence for an important contribution of episodic memory 

to optimal language comprehension (e.g., Gaskell et al., 2019; Curtis et al., 2022; Mak et al., 

2023), and speculations as to the neural substrates underpinning the word-meaning priming 

effect. However, to date, neural evidence regarding the underpinnings of this effect had been 

lacking.  

I report three main findings, which are discussed in detail in the following sections. 

To summarise, firstly, I found significant word-meaning priming at the immediate test, in line 

with our behavioural hypothesis. However, more surprisingly, I also detected slightly weaker 

but still highly significant word-meaning priming at the delayed test. I discuss the 

implications of this finding for theories regarding the cognitive underpinning of word-

meaning priming below. Secondly, I found moderate to strong correlations on an item-level 

between the proportion of meaning-consistent answers in response to an ambiguous word and 

its relative meaning dominance as established by Gilbert and Rodd (2022) in a large-scale 

survey of meaning dominance of ambiguous words. More precisely, I found that the more 

dominant the subordinate, primed meaning is (as measured by the dominance norms), the 

more amenable to priming the ambiguous word seems to be. This is in line with one previous 

study that has looked at this relationship (MacGregor et al., 2020) and will be discussed 

further below in the context of frequency effects in malleable language comprehension more 
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generally. Finally, I provide the first data on the neural underpinnings of the word-meaning 

priming effect. Specifically, I found clusters of increased theta power, localised to left frontal, 

temporal, and parietal areas (possibly mapping onto the left-lateralised language network), 

and a few sensors centrally in the right hemisphere, that distinguish between ambiguous 

words that are later responded to with a primed meaning-consistent response and those that 

are later responded to with an inconsistent response. I propose that these are (or at least form 

part of) the neural signature of lexical-semantic updating, and I discuss the implications of 

this novel finding for theories of the neural mechanisms and substrates underpinning the 

word-meaning priming effect below. 

 Firstly, on a behavioural level, I found significant priming effects at both the 

immediate (after ~20 minutes) and the delayed test (after 7-14 days). I fully predicted word-

meaning priming effects the immediate test; had we been unable to detect any evidence of 

word-meaning priming at that stage, the paradigm would not have worked the way it was 

intended to, so these immediate effects partially serve as a sanity check. However, I did not 

expect the delayed priming effect to emerge given that several previous studies have 

investigated the time course of word-meaning priming and have repeatedly shown no 

evidence of priming after more than a few hours, and certainly not for longer than a few days 

(e.g., Rodd et al., 2016). The only two scenarios in which word-meaning priming is 

maintained for more than a few hours is either if participants get an opportunity to sleep 

shortly after exposure to the critical ambiguous words, which appears to protect and 

consolidate the critical memory traces so they remain accessible after sleep (Gaskell et al., 

2019), or if there is repeated testing, with one associate production task administered shortly 

after exposure, and the other either 12 or 24 hours later (Gaskell et al., 2019). Under those 

circumstances, maintenance of priming up to 24 hours has been observed. Therefore, it is 

very likely that at least part of the answer to the question of why the priming effect is 

maintained for quite so long lies in the fact that participants were tested relatively shortly 

after initial encoding, which may have provided something akin to retrieval practice (see e.g., 

Karpicke & Roediger, 2007; McDermott, 2021). In other words, it is possible that what we 

might be observing here is a form of rapid consolidation triggered by the retrieval of the 

memory trace that was encoded during the exposure phase (e.g., Antony et al., 2017). This 

would have strengthened the (presumably) initially labile memory trace so as to remain 

accessible as much as two weeks after encoding. If this is indeed the underlying process that 

has led to the maintenance of word-meaning priming, then this would be further evidence that 
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the memory underpinning the type of lexical-semantic updating investigated via the word-

meaning priming paradigm is at least partially episodic in nature, and possibly dependent on 

hippocampal (and wider medio-temporal) circuitry. It is important to emphasise at this point 

that participants did not report much, if any, conscious knowledge that the words that they 

were presented with in the associate production task were repeated. Most of them assumed 

that there was some relationship between the exposure and test phases; however, none of 

them were close to the truth when informally guessing as to what the real purpose was, and 

none became aware of the fact that the probe words were all ambiguous words (or that 100 

out of the 120 exposure sentences ended with an ambiguous word). As established via 

informal verbal reports after study completion, none of them used any specific strategies in 

the second (delayed) associate production task, and none of them reported remembering what 

words they responded with in the first (immediate) test. As mentioned above, only some 

participants became aware that some (in their minds) words were repeated from immediate to 

delayed test. It is therefore unlikely that the maintenance of priming is the result of a 

conscious recollection process whereby participants, at the delayed test, explicitly recall the 

response they provided at the initial test. However, unfortunately, no formal, written ratings 

or feedback were collected in this study. It would be highly enlightening to run a simplified 

version of this study (not including neuroimaging methods) to further probe this somewhat 

surprising finding of maintained priming that includes formal questionnaires at the end. 

To evaluate the maintenance of the word-meaning priming effect further, I looked 

more closely at the responses provided in the immediate and delayed test phases. I found that 

several responses were duplicated (i.e., participants somewhat frequently provided the same 

lexical item in the delayed test as they had done in the immediate test). Intriguingly, in the 

paper that first introduced the episodic context account, Gaskell and colleagues (2019) also 

reported that many responses were repeated from the immediate to the delayed test. In their 

case, it was just over 50%, though their delay consisted of 12 or 24 hours, whereas in the 

current study, just over 25% of responses were repeated after a 7–14-day delay. This might 

suggest that participants had access to a memory trace encoded during the first associate 

production test consisting specifically of the (form of the) probe word and the (form of the) 

produced response. If true, this representation could be seen as a type of stimulus-response 

(SR) binding (e.g., Horner & Henson, 2009), or a very simple event file (e.g., Hommel, 2004, 

2022). As one caveat, there is evidence that (arbitrary) SR bindings do not require 

hippocampal (and, by extension, episodic memory) involvement (Henson et al., 2017) but 
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instead might be supported by other MTL structures such as entorhinal cortex (cf. Schnyer et 

al., 2006). It would be highly revealing to see whether hippocampal damage affects the 

longer-term maintenance of word-meaning priming, or the hypothesised SR bindings that 

may be created during immediate test. However, it is crucial to note that in contrast to how 

the term stimulus-response binding is usually used, the SR bindings hypothesised to have 

been formed in this study are not arbitrary, but rather semantically linked. This may have 

implications for how these memories are encoded, stored, and maintained, but we do not 

currently have enough evidence to make any claims about the exact nature of these 

representations. Highly speculatively, the claim would not be that the hippocampus (and the 

wider episodic memory system) may be required because the relations are less arbitrary (this 

would be contrary to a substantial amount of evidence in the wider memory literature that the 

hippocampus is often required exactly for highly arbitrary relations; e.g., Konkel & Cohen, 

2009), but that the hippocampus might play a role in accessing the subordinate meaning and 

binding this more difficult to retrieve meaning to the relevant context (cf. Piai et al., 2016; Pu 

et al., 2020). The episodic memory system (supported by the hippocampus) might therefore 

underpin an important memory-related function (the retrieval of the subordinate meaning) 

within lexical-semantic language comprehension, but it may not be necessary for linking the 

stimulus to the response once the response has been retrieved. Finally, one additional reason 

to still assume that the hippocampus (and episodic memory) critically underpins these 

memory traces is the well-replicated finding that the hippocampus is involved in binding 

multiple modalities (here, reading and speaking; e.g., Borders et al., 2017; Olsen et al., 2012). 

Linking the observed maintenance of word-meaning priming in the delayed test to the 

broader question of the underlying mechanisms supporting this type of lexical-semantic 

updating, it is possible to speculate that the initially encoded memory trace, constructed while 

comprehending the sentences during the exposure phase, may be simpler or less semantically 

rich than initially assumed. Returning to the terminology introduced above, perhaps instead 

of each priming episode resulting in the construction of an ‘event model’ (cf. Radvanksy & 

Zacks, 2010), as originally hypothesised by Gaskell and colleagues (2019), what might be 

created is a less rich (though still highly useful and informative) ‘event file’ (Hommel, 2004, 

2022), binding together some of the relevant features that are activated at encoding. The idea 

is that it is possible that while during processing a fully-fledged event model is constructed 

for means of comprehension and encoded for later access, what is preferentially encoded and 

retained is a simpler memory trace, or event file, perhaps merely consisting of the subordinate 
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word form and its contextually relevant meaning (but not the entire event model that was 

constructed during comprehension). A process along the lines hypothesised above would help 

to explain some of the less expected results of Curtis et al. (2022), where they found 

considerably stronger word-meaning priming when the word used at test was the exact word 

that participants were exposed to in the exposure phase, but that there was still evidence of 

priming if that word is replaced with a semantically related word (the effect was simply 

smaller). An underlying process where both an event model and an event file are encoded 

would lead to both of the above conditions showing priming, but the effect would be stronger 

if only the simpler (event file) binding has to be recalled at test (which would be the case for 

the exact match condition only, not for the semantically similar probe word). In other words, 

both event file and event memory traces are encoded and retained to be consolidated; 

however, the simpler event file memory trace might be easier to recall, and the event model 

memory trace is only reinstated when necessary (and more effortfully).  

The second key finding from this study relates to the influence of meaning dominance 

on word-meaning priming. While all the ambiguous prime words in this study were presented 

in a context that required participants to access a highly subordinate meaning (i.e., a very 

weak or infrequently used meaning), I found that the relative dominance of the contextually 

appropriate subordinate meaning influenced the extent of word-meaning priming. In essence, 

my results show that the more dominant a (subordinate) primed meaning is, the more 

consistent responses it will receive in the test phase, i.e., the extent of word-meaning priming 

is positively correlated with the ambiguous word’s relative meaning dominance. This is in 

line with one previous study that has looked at this relationship between the meaning 

dominance of ambiguous words and priming (MacGregor et al., 2020), where they found the 

same correlation. I extend MacGregor et al. (2020)’s previous findings by showing that this 

correlation is strongest in the immediate test, weakens very slightly in the delayed test, and is 

weakest (though still highly significant) in the unprimed baseline condition. Importantly, the 

correlation between meaning dominance and consistency is significantly stronger for the 

Immediate condition compared to the control condition (and marginally non-significant for 

the Delayed-control comparison). The fact that the unprimed baseline shows this significant 

correlation is a good sanity check and allows one to assume that these dominance ratings are 

shared relatively broadly among native English speakers, including the undergraduate and 

postgraduate student population tested in this study. However, it also makes the stronger 

correlations in the two primed conditions more meaningful and interesting. Overall, this 
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finding suggests that there is a greater opportunity to make a subordinate meaning more 

dominant if it is already relatively stronger; concretely, it is easier to make a subordinate 

meaning that has a dominance of 0.3 (at least briefly) most dominant in an associate 

production task than it is to make a subordinate meaning that has a dominance of 0.1 

dominant enough to be the response produced in an associate production task. 

Finally, turning to the OPM-MEG results reported in this chapter, my third main 

finding is concerned with the neural underpinnings of the word-meaning priming effect. I set 

out to test a theoretically-driven hypothesis regarding the neural signature of successful 

lexical-semantic updating, and specifically about the role of theta oscillations in this process. 

While much behavioural work has shed light on the cognitive underpinnings of word-

meaning priming, an investigation into the neural correlates of the effect has so far been 

missing. I reasoned that one way to further test the predictions of the episodic context account 

is by looking to see if I can find evidence for neural signals that this account hypothesises. 

More concretely, I investigated if there is evidence for a role of theta oscillations in 

supporting the updating of word meanings, taking theta as an index for episodic memory 

encoding. The critical comparison was concerned with theta power elicited by ambiguous 

words that were later produced with a consistent associate (Consistent trials) compared to 

ambiguous words for which an inconsistent associate was produced (Inconsistent trials). This 

analysis was meant to reveal clusters in time and sensor-space during the processing of the 

critical target word in the exposure phase that differentiate between consistent and 

inconsistent responses produced in the associate production task. A statistical difference 

detected in this analysis would thus be indicative of a neural signature of word-meaning 

priming. This was therefore the most important analysis regarding the neurocognitive 

hypothesis that word-meaning priming may be supported by theta oscillations. 

The results from the cluster-based permutation test revealed four highly significant 

clusters in the theta band that differentiate between successful and unsuccessful word-

meaning priming (or, using the terminology from above, between Consistent and Inconsistent 

trials). Temporally speaking, these clusters were split into two sets of two clusters. The first 

set of clusters spanned from ~250-1000ms post-critical ambiguous word onset, while the 

second set of clusters start around 1500ms post-critical word onset and extended until the end 

of the analysis window (2000ms), which marked the offset of when the ambiguous word was 

displayed on the screen. Interestingly, spatially speaking, the two sets of clusters were highly 
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similar in that they are made up of broadly the same sensors during both time points. The 

main difference was that the two clusters in the second time window were somewhat smaller 

than in the first time window, with the smaller clusters being made up of a subset of sensors 

from the earlier, bigger clusters. In terms of the clusters’ location in sensor space, the two 

clusters in both time windows appeared a) distributed over left frontal, temporal, and into the 

parietal lobe, and b) over right-lateralised, central sensors. I tentatively interpret the left-

lateralised cluster as activity coming from the cortical language network (Fedorenko, 

Ivanova, & Regev, 2024; Malik-Moraleda et al., 2022), as the location of the sensors that are 

part of this significant cluster match the location of the canonical fronto-parietal language 

network very nicely. If this tentative interpretation is correct, then this effect would suggest 

that during the processing of ambiguous words for which participants later provided a 

response consistent with the primed, subordinate meaning, this region which is very strongly 

associated with language processing showed higher theta activity compared to words for 

which an inconsistent response was provided at test. This suggests that theta activity in the 

language network may support flexible lexical-semantic updating.  

Intriguingly, the second set of clusters appeared over right-lateralised, central sensors 

during both significant time windows. This is interesting since a previous MEG study (Pu et 

al., 2020) has found that theta activity in the right hippocampus was sensitive to meaning (or 

rather meaning violations). Pu and colleagues (2020) suggest that the right hippocampus may 

track lexical-semantic relations as sentence processing unfolds; a suggestion which is also 

supported by intracranial evidence from Piai et al. (2016). I would thus very tentatively 

suggest that it is possible that the right-lateralised, central clusters showed increased theta 

activity that may have been emanating from the right hippocampus. While it is essential that 

source localisation be performed to provide evidence to support or refute this speculation, 

there is an interesting coherence between the sensor-space patterns observed in the current 

study and the source-localised findings reported by Pu et al. (2020). In their MEG study, they 

found enhanced theta phase coupling between the right hippocampus and the left superior 

temporal gyrus (STG) during sentence reading (regardless of experimental condition). The 

STG forms an important part of the cortical network responsible for language comprehension 

and lexical-semantic processing (Binder, 2015; Hickok & Poeppel, 2000). Pu and colleagues 

(2020) argued that theta phase coherence between the right hippocampus and the left-

lateralised language network may provide the interface between language and memory in 

service of flexible language comprehension. Should I be able to replicate their results in 
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source space, the present study would add considerably to their original claim by extending 

the important role of theta oscillations to lexical-semantic updating, rather than just online 

processing. 

Future analyses should therefore be concerned with source-localising the activity 

detected at the sensor level to enable clearer inferences as to the neural substrates 

underpinning the word-meaning priming effect, going beyond the very tentative speculations 

above. This will reveal whether the two right-lateralised clusters might indeed resolve to the 

right hippocampus (mirroring the results by Pu et al., 2020), and how broad the activation in 

the cortical language network is, which may shed further light on the underlying processes 

involved in lexical-semantic updating depending on which areas are critically implicated. 

Another possibility is that the right-hemisphere activity may resolve to structures outside the 

hippocampus, such as for instance the entorhinal cortex (cf. Schnyer et al., 2006; Henson et 

al., 2017). This could perhaps be interpreted as evidence that more simple SR bindings are 

formed during language comprehension, rather than the fairly contextually rich hippocampal 

memory traces that the episodic context account proposes. 

One final note on my interpretation of the neural findings presented in this chapter: 

Throughout this Discussion (and this chapter more generally), I have interpreted theta 

oscillations as indexing the involvement of episodic memory processes. This is relatively 

uncontroversial when interpreting results from the episodic memory literature; however, this 

may be more controversial when interpreting results from language studies. One could argue 

that the theta activity observed in language tasks requiring comprehension reflect processes 

that are more strictly linguistic in nature (e.g., hierarchical syntactic structure building; 

accessing stable, stored lemmata; breaking up the speech stream to gain phonological rather 

than purely acoustic information; etc.). However, I think that an argument along the above 

lines strays from parsimony without any convincing reason. This is to say that I am not aware 

of any studies that show reliable theta activity for language tasks that do not contain at least a 

small memory component (which I would argue is present in almost all studies testing 

lexical-semantic processing or comprehension more generally). Therefore, I favour an 

interpretation that considers theta oscillations to index a contribution of memory processes 

both in canonical memory studies as well as in psycholinguistic investigations, rather than to 

stipulate that theta oscillations in memory studies and theta oscillations in language studies 

are underpinning fundamentally different functions or processes. 
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To conclude, in this study, I set out to test the hypothesis that theta oscillations might 

support the updating of word meanings. This hypothesis was derived from the episodic 

context account (Curtis et al., 2022; Gaskell et al., 2019; Mak et al., 2023), which suggests 

that word-meaning priming is supported by general episodic memory processes, whereby 

word meanings are initially bound to the context they are encountered in by the episodic 

memory system (and, by extension, the hippocampus). However, to date, neural evidence for 

the involvement of the episodic memory system in word-meaning priming had been lacking, 

with no previous study having investigated the neural underpinnings of this type of lexical-

semantic retuning. In the present study, I used OPM-MEG to elucidate the neural 

underpinnings of word-meaning priming (n = 27), with a particular focus on the role of theta 

oscillations in this process based on research pointing to an important role for theta in 

memory and semantic processing (e.g., Pu et al., 2020). Behavioural analyses showed strong 

word-meaning priming at both immediate (~20 minutes after exposure) and delayed (7-14 

days after exposure) test, compared to an unprimed baseline established via an independent 

control group (n = 27). In line with my neurocognitive hypothesis, I observed an increase in 

theta power during the processing of the ambiguous target words in context for which a 

consistent meaning was later provided (compared to words for which an inconsistent meaning 

was provided). Overall, firstly, my behavioural findings suggest that under specific 

circumstances which may have included reconsolidation, word-meaning priming may survive 

for as long as two weeks and is possibly supported by two complementary processes, and 

secondly, my OPM-MEG results point to an important role for theta oscillations in the 

updating of lexical-semantic information, with theta possibly serving as a bridge between 

language comprehension and memory. 
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5.1 Summary of the Empirical Chapters 

The overarching aim of this thesis was to assess the role of episodic memory in language 

comprehension and linguistic flexibility. I used a combination of behavioural experiments 

(Chapter 2) and neuroscientific methods (EEG in Chapter 3, and OPM-MEG in Chapter 4) to 

investigate this. Below, I will summarise the main findings and implications from each of the 

three experimental chapters. Then I will move on to discussing the theoretical and 

methodological contributions of this thesis as a whole, before turning to some of the 

limitations of the studies reported here as well as discussing possible future directions. 

 

5.1.1. Chapter 2: No Effects of Predictability on Word-Meaning Priming and 

Incidental Memory  

In Chapter 2, I set out to investigate further the role of episodic memory in supporting the 

updating of stored lexical-semantic representations using the word-meaning priming 

paradigm. This was prompted by previous research that has accumulated some evidence for 

an important role of episodic memory processes in underpinning the word-meaning priming 

effect. I reasoned that if the type of lexical-semantic updating observed in word-meaning 

priming studies is assumed to be supported by episodic memory processes, then perhaps a 

useful way to further test this hypothesis is by looking to results from other episodic memory 

paradigms and neurocognitive models of episodic memory, with the aim of testing whether 

factors known to influence episodic memory in other paradigms might also influence word-

meaning priming. I thought that this might provide further indirect evidence that episodic 

memory underpins not only the encoding of novel stimuli or associations, but that it also 

supports the updating of stored word meanings (Gaskell et al., 2019) or meaning aspects 

(Curtis et al., 2022) by encoding a memory trace of the comprehended meaning that is bound 

to the context it was experienced in (as postulated by the episodic context account; Gaskell et 

al., 2019). 

Therefore, I started with the hypothesis, derived from the episodic context account, 

that word-meaning priming may be affected by factors that affect episodic learning (e.g., 

predictability). Specifically, the contextual predictability of an incoming stimulus has been 

shown to affect episodic memory in that both highly expected as well as highly unexpected 

input leads to better memory for that input, but via two different underlying neurocognitive 

mechanisms. I hypothesised that if word-meaning priming is supported by episodic memory 
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processes, both highly expected as well as highly unexpected target words should lead to 

stronger word-meaning priming effects than target words of intermediate predictability. Four 

pre-registered online experiments tested whether contextual predictability affects word-

meaning priming and incidental memory for language. In those experiments, participants 

were exposed to sentences that emphasised a particular aspect of a sentence-final target 

word’s meaning. Importantly, target words differed in how predictable they were based on the 

sentence context (e.g., “You can get in a good workout by riding / lifting a bicycle”). 

Associate production and semantic relatedness judgement assessed the strength of word-

meaning priming.  

Contrary to my hypotheses, there was no detectable effect of predictability on word-

meaning priming in any of the experiments reported in Chapter 2. While Experiment 1 

showed a small word-meaning priming effect in one of the exploratory measures, I found no 

evidence for a predictability effect in any tasks assessing priming or incidental memory. After 

refining the experimental design for Experiment 2, I found a more robust word-meaning 

priming effect but again, there was no effect of predictability in either word-meaning priming 

or incidental memory for language input (even though participants’ performance was well 

above chance in the memory test). To assess whether a consolidation period might be needed 

for a predictability effect to emerge, I conducted a third experiment using a wake/sleep design 

with a 12-hour delay interval between exposure to the critical prime words and test. In 

Experiment 3, I observed a small word-meaning priming effect across both wake and sleep in 

some measures, but there was again no evidence for an effect of predictability on participants’ 

performance in any of the tasks assessing word-meaning priming. In contrast to the preceding 

two experiments that involved a much shorter delay, in Experiment 3, participants in both the 

wake and sleep groups performed at chance in the incidental memory test, perhaps suggesting 

that incidental linguistic information on the surface-level (cf. Kintsch et al., 1990) is not 

retained and not preferentially consolidated over the course of this longer delay, but rather 

that it decays relatively rapidly after initial exposure. Finally, I assessed whether the absence 

of predictability effects in the first three experiments might be due to the experiments’ 

unpredictable items still being semantically congruent (though note that this would only 

explain the absence of prediction error effects for unexpected items, but not the lack of 

predictability-induced facilitation effects for expected items). While Experiment 4 did not 

address word-meaning priming, it tested whether the expected effect of better memory for 

unpredictable information might emerge if the sentence-final target word is semantically 
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incongruent with the rest of the sentence (i.e., if it is not only unexpected). Again contrary to 

my hypotheses, the only significant effect I detected was that incongruent items showed 

worse memory across both recognition and (cued) recall memory tests, but there were no 

effects in the predicted direction. 

In light of these findings, I concluded that contextual predictability does not 

substantially influence word-meaning priming. Further, I suggested that predictability-guided 

updating might rarely be triggered during language comprehension, and that predictability-

dependent (or prediction error-based, in the case of unexpected information specifically) 

updating is not the dominant form of learning within the episodic pathway of the language 

system. I return to these suggestions in one of the following sections (5.2.1). Moreover, while 

our hypotheses were guided by previous results from visual episodic memory paradigms, I 

would now argue that there are important differences between the predictability distribution 

of the visual world and language that are likely to affect how the relative predictability of 

incoming stimuli affects episodic encoding. Taken together, the findings reported in Chapter 

2 place constraints on the workings of the proposed episodic pathway of the language system, 

but they do not necessarily rule out the episodic context account (Gaskell et al., 2019) as a 

mechanism supporting language comprehension and lexical-semantic updating. 

 

5.1.2 Chapter 3: The Effect of Lexical Ambiguity on Memory – An EEG Study 

In Chapter 3, I took a slightly different approach to looking at the role of episodic memory in 

language comprehension. Rather than by further investigating the hypothesised contribution 

of episodic memory to the updating of stored lexical-semantic representations in response to 

recent linguist experiences, I focused on the relationship between episodic memory and 

language comprehension by looking at participants’ subsequent recognition memory for 

lexically ambiguous, lexically unambiguous, and semantically incongruent sentence-final 

words. Put differently, rather than looking to see if there is an effect of episodic memory on 

language comprehension, I attempted to establish if there is an effect of linguistic variables 

(here, lexical ambiguity) on subsequent memory. Furthermore, I was also interested to see if 

there is a commonality in the neural correlates of lexical-semantic ambiguity processing and 

subsequent recognition memory, based on previous research that has highlighted theta as well 

as alpha and beta oscillations as potential candidates.  
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Therefore, in the study reported in Chapter 3, I used EEG to investigate which neural 

oscillations supported processing of high ambiguity (multiple meanings), low ambiguity (one 

primary meaning) and incongruent (semantically anomalous) words in sentential contexts. As 

stated above, I hypothesised that increased theta and decreased alpha/beta power would be 

linked to better memory and support the processing of high ambiguity and incongruent 

words, with the latter placing higher demands on lexical access processes than low ambiguity 

words. I also set out to investigate how the activation of multiple meanings during the 

processing of lexically ambiguous words affects subsequent memory for language input by 

means of a recognition memory test that followed after participants were exposed to high 

ambiguity, low ambiguity, and incongruent words in sentential context.  

On a behavioural level, lexical ambiguity and incongruency affected memory in 

several ways, pointing to a link between language comprehension and memory for language 

input. More precisely, behavioural analyses showed better memory for incongruent words 

compared to high ambiguity words. This suggests that activating multiple unrelated meanings 

may have negatively affected memory for the encountered ambiguous word, while memory 

for the incongruent words may have been supported by prediction-error driven episodic 

memory encoding (e.g., Greve et al., 2017). It is possible that only one or both of these 

factors have led to the observed pattern of results. On a neural level, theta oscillations 

appeared sensitive to incongruent words (integration difficulty), but not (as much) to lexical 

ambiguity. Alpha/beta oscillations appeared sensitive to both lexical ambiguity and semantic 

incongruency, possibly reflecting the need for cognitive control and semantic updating in 

both cases. The weakly hypothesised overlap between oscillatory mechanisms supporting 

memory and language comprehension was not supported, possibly suggesting partial 

independence of oscillatory processes in service of memory encoding and language 

comprehension. Overall, firstly, my findings suggest that the activation of multiple unrelated 

meanings during the processing of ambiguous words affects subsequent memory for the 

encountered ambiguous words, while in contrast, processing semantically incongruent 

sentence-final words seems to lead to better memory for those word forms. Secondly, on a 

neurocognitive level, my results also point to an important role for alpha/beta oscillations in 

the processing of lexically ambiguous and semantically incongruent information. 

 



154 
 

5.1.3 Chapter 4: Theta Oscillations Support the Updating of Word-Meanings –  An 

OPM-MEG Study 

In the study reported in Chapter 4, I set out to test the hypothesis that theta oscillations might 

support the updating of word meanings. This hypothesis was derived from the episodic 

context account (Curtis et al., 2022; Gaskell et al., 2019; Mak et al., 2023), which suggests 

that word-meaning priming is supported by general episodic memory processes, whereby 

word meanings are initially bound to the context they are encountered in by the episodic 

memory system (and, by extension, the hippocampus). However, to date, neural evidence for 

the involvement of the episodic memory system in word-meaning priming had been lacking, 

with no previous study having investigated the neural underpinnings of this type of lexical-

semantic retuning. Thus, in the final study of this thesis, I used OPM-MEG to elucidate the 

neural underpinnings of word-meaning priming. Based on research pointing to an important 

role for theta oscillations in memory and semantic processing (e.g., Pu et al., 2020), I 

hypothesised that the updating of word meanings might be supported by increased theta 

power.  

Therefore, I aimed to assess the relation between theta oscillations at exposure and the 

extent of lexical-semantic updating after a brief (~20-minute) delay. I hypothesised that theta 

power during the processing of an ambiguous target word would be linked to successful 

word-meaning priming, with higher theta power at encoding leading to more responses 

consistent with the subordinate, primed meaning. Being able to link word-meaning priming to 

neural signatures that have previously been associated with episodic memory processing 

might provide further indirect evidence that episodic memory underpins not only the 

encoding of novel stimuli or associations, but that it also supports the updating of stored word 

meanings by encoding a memory trace of the comprehended meaning that is bound to the 

context in which it was experienced. On a behavioural level, I predicted significant word-

meaning priming after a ~20-minute delay, i.e., I predicted a significantly higher proportion 

of responses consistent with the primed, subordinate meaning in the experimental condition 

compared to an unprimed baseline. This unprimed baseline was collected via a separate group 

of control participants who were not exposed to the critical, ambiguous prime words. This 

study also included a delayed test which took place 7-14 days after the exposure phase, where 

participants completed the associate production task again. 



155 
 

Behavioural analyses showed strong word-meaning priming at both immediate (~20 

minutes after exposure) and delayed (7-14 days after exposure) test. Supporting my 

neurocognitive hypothesis, I observed an increase in theta power during the processing of the 

ambiguous target words in contexts for which a consistent meaning was later provided 

(compared to words for which an inconsistent meaning was provided). Overall, firstly, my 

behavioural findings suggest that under certain circumstances, word-meaning priming may 

survive for as long as two weeks. Secondly, the OPM-MEG results point to an important role 

for theta oscillations in the updating of lexical-semantic information, with theta possibly 

serving as a bridge between language comprehension and memory. 

 

5.2 Theoretical and Methodological Contributions 

The main theoretical question that this thesis set out to answer is concerned with the nature 

and reach of the contribution of episodic memory to flexible language comprehension, along 

with the factors that may impact the linguistic flexibility under investigation (e.g., prediction 

during language processing). I addressed these questions from several different angles across 

the three experimental chapters in this thesis. Below, I summarise the main theoretical 

contributions across all three chapters, before moving on to some of the methodological 

contributions of this thesis. 

 

5.2.1 The Role and Reach of Prediction in Language Comprehension 

In Chapter 2, I aimed to see if we can provide evidence for a contribution of episodic memory 

to the updating of stored-lexical semantic representations by manipulating the predictability 

of the critical stimuli. This motivation was derived from the wider memory literature where 

paradigms eliciting prediction errors and/or providing prediction congruency have been 

successfully employed to probe the nature of memory representation and processes for 

decades (e.g., Greve et al., 2017; van Kesteren et al., 2013). While the primary aim was to 

investigate further the role of episodic memory in word-meaning priming, some of my 

findings also speak more generally to the role and reach of predictions in language 

comprehension. 

 As summarised above and detailed in Chapter 2, the findings from the series of 

behavioural experiments that manipulated linguistic predictability led me to suggest that 
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predictability-guided updating might rarely be triggered during ordinary language 

comprehension, and that predictability-dependent (or prediction error-based, in the case of 

unexpected information specifically) updating may not the dominant form of learning within 

the episodic pathway of the language system. It is important to stress that I do not mean to 

argue that mechanisms of prediction do not operate during language processing (see e.g., 

Ryskin & Nieuwland, 2023, for a review), but rather that perhaps the consequences of 

confirmed or disconfirmed predictions are not fed back to affect longer-term learning and/or 

to affect predictions in the future. Put differently, it could be that linguistic prediction is 

useful for and affects perception (e.g., by facilitating the processing of expected input and 

heightening the sensitivity to unexpected input; Press et al., 2020), but it might not influence 

learning. In line with this hypothesis, there is some evidence to suggest that the reach of 

violated predictions may indeed be rather limited. A previous study looking more directly at 

the consequences of (mis)predictions found no differences in ERPs between the processing of 

words that were mispredicted three sentences earlier and those that were not (Lai et al., 

2017). Thus, while it seems intuitive that if predictions are made in service of language 

processing, the outcomes of these predictions should be able to affect longer-term memory so 

as to improve future predictions (regardless of whether such a process would involve the 

episodic memory system or be computed locally within the language network), to date, this 

assumption has not yet been convincingly demonstrated, and is not supported by the data 

presented in Chapter 2 of this thesis. 

However, even if one was to assume that prediction error-based updating is available 

as a form of (long-term) learning within the language system, it remains unclear how often 

such a mechanism would be triggered. As further discussed in Chapter 2, there seem to be 

important differences in the predictability distribution of language compared to the visual 

world that may be relevant for the interpretation of the current set of results. Specifically, 

incrementally working through a sentence will often allow for only very weak predictions 

about the upcoming language input (cf. Luke & Christianson, 2016), so small prediction 

errors may be the norm. This would make prediction errors not very useful cues to use to 

prioritise certain memory traces and subsequently update stored knowledge. In contrast, some 

of the previous visual experiments have featured several highly predictable and unsurprising 

objects (e.g., a kettle on a kitchen counter), which would make unpredictability (e.g., finding 

a kettle in the sink) a more salient cue (e.g., Quent et al., 2022). The data from memory 

experiments that have prompted the development of models of memory such as SLIMM (van 
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Kesteren et al., 2013) have without exception (to my knowledge) used visual input consisting 

of images or virtual reality environments. Therefore, it is unclear whether and under what 

circumstances linguistic input would be sufficiently surprising so as to trigger a prediction 

error big enough to elicit subsequent changes in stored linguistic knowledge over and above 

those observed in previous word-meaning priming experiments (e.g., Rodd et al., 2013, 2016; 

Gilbert et al., 2018). One potential candidate could be novel words, which would be entirely 

unpredictable (at least in their full form, i.e., listeners or readers might expect a 

noun/verb/adjective/adverb based on the linguistic context, but they would not be able to 

predict the precise phonological or orthographic form of a novel word. However, since the 

behavioural experiments in Chapter 2 exclusively used words that were already known to the 

participants, the data presented in this thesis do not allow for any more definitive conclusions 

regarding the above possibility (though see e.g., Gambi, Pickering, & Rabagliati, 2021, for 

some evidence suggesting prediction errors may boost the retention of novel words). Taken 

together, the findings reported in Chapter 2 of this thesis may be seen to place some 

constraints on the role and reach of predictions in service of language comprehension. While 

it is well established that predictions are highly useful for language perception and online 

comprehension (see e.g., Ryskin & Nieuwland, 2023, for a recent review), they may not play 

a very important role in guiding linguistic updating and offline learning. 

 

5.2.2 The Nature of the Memory Trace Underpinning Lexical-Semantic Updating 

Linking together Chapters 2 and 4, the main aim of the experiments in this thesis that have 

employed the word-meaning paradigm has been to further elucidate the nature of the memory 

trace underpinning the updating of lexical-semantic representations. In Chapter 2, I initially 

suggested, based on my findings at the time, that word-meaning priming is underpinned by a 

relatively abstract, high-level memory trace that contains sentence-level contextual 

information (e.g., semantic information as to what happened in the scene, which was required 

to interpret the ambiguous word with the contextually appropriate meaning). On the basis of 

those results, there was no evidence to suggest that word-meaning priming should be 

operating on a more concrete scale (e.g., on the word-level). However, the results reported in 

Chapter 4 suggest an alternative or supplementary route or process.  

More concretely, in Chapter 4, I found evidence of residual priming after a delay of 

up to two weeks (as well as at immediate test, which was expected). When looking more 
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closely at the responses provided in the immediate and delayed test phases, I found that many 

responses were duplicated (i.e., for just over 25% of associate production responses, 

participants provided the same lexical item in the delayed test as they had done in the 

immediate test). I took this to suggest that participants had access to a memory trace encoded 

during the first test consisting specifically of the (form of the) probe word and the (form of 

the) produced response. However, it is conceivable that memory traces of this very simple 

nature (perhaps best seen as a type of stimulus-response binding; Horner & Henson, 2009) 

might also be formed during initial exposure to the ambiguous words in sentence contexts. 

The two aspects that are argued to be bound together are the form of the lexically ambiguous 

word and the contextually-appropriate meaning selected during comprehension. I mainly 

suggest this alternative on the grounds that binding together (and later consolidating) a leaner 

or simpler memory trace (e.g., a type of stimulus-response binding, or, since no overt 

response is produced, a type of event file) should be less effortful than encoding and 

maintaining a rich, contextual memory trace (which is what the episodic context account 

would predict). 

Thus, in Chapter 4, I speculated that the initially encoded memory trace, constructed 

while comprehending the sentences during the exposure phase, may be simpler or less 

semantically rich than initially assumed. I argued that perhaps instead of each priming 

episode resulting in the construction of an event model, or, in other words, a rich, 

contextualised episodic memory trace, as originally hypothesised by Gaskell and colleagues 

(2019), what might be created is a less rich (though still highly useful and informative) 

stimulus-response binding or event file (Hommel, 2004, 2022), binding together some of the 

relevant features that are activated at encoding. In the context of word-meaning priming, as 

explained above, the relevant features that are activated are, at the very least, the processed 

word form and the contextually appropriate word meaning. 

However, perhaps it is most likely that the language system makes use of multiple, 

different memory traces in order to support both comprehension and later consolidation. In 

Chapter 4, I argued that it might be possible that while during processing a fully-fledged, 

contextually rich event model is constructed for means of comprehension and encoded for 

later access, what is preferentially encoded and retained is a simpler memory trace, or event 

file, perhaps merely consisting of the ambiguous word and its contextually relevant meaning 

(but not the entire event model that was constructed during comprehension). A process along 
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those lines might explain some of the less expected results of Curtis et al. (2022), where they 

found a considerably stronger word-meaning priming effect when the word used at test was 

the exact word that participants were exposed to in the exposure phase, but that there was still 

evidence of priming if the prime word (the word processed in a sentence context at exposure) 

was replaced with a semantically related word (the effect was simply smaller). An underlying 

process where both an event model and an event file are encoded would lead to both of the 

above conditions showing priming, but the effect would be stronger if only the simpler (event 

file) binding has to be recalled at test (which would be the case for the exact match condition 

only, but not for the semantically similar probe word). In other words, both event file and 

event memory traces might be encoded and retained to be consolidated; however, the simpler 

event file memory trace might be easier to recall, and the event model memory trace might 

only be reinstated when necessary (and more effortfully). A type of ‘dual path’ system 

consisting of both an event model- and an event file-type memory would therefore be able to 

account for both the current results as well as past results that have so far been difficult to 

explain (Curtis et al.., 2022). 

Considering the above, it is interesting to return to the findings regarding the neural 

correlates of word-meaning priming identified in Chapter 4. In my OPM-MEG study, I found 

four highly significant clusters in the theta band that differentiate between successful and 

unsuccessful word-meaning priming. Temporally speaking, these clusters were split into two 

sets of two clusters. The first set of clusters spanned from ~250-1000ms post-critical 

ambiguous word onset, while the second set of clusters start around 1500ms post-critical 

word onset and extended until the end of the analysis window (2000ms). Interestingly, 

spatially speaking, the two sets of clusters were highly similar in that they are made up of 

broadly the same sensors during both time points. The main difference was that the two 

clusters in the second time window were somewhat smaller than in the first one, with the 

later, smaller clusters being made up of a subset of sensors from the earlier, bigger clusters. In 

terms of the clusters’ location in sensor space, the two clusters in both time windows 

appeared a) distributed over left frontal, temporal, and into the parietal lobe, and b) over 

right-lateralised, central sensors. I interpreted the left-lateralised cluster as activity coming 

from the canonical fronto-parietal language network (Fedorenko et al., 2024; Malik-Moraleda 

et al., 2022) and suggested very tentatively that the increased theta activity in the right-

lateralised, central clusters may have been emanating from the right hippocampus. This 

speculation was based on an interesting coherence between the sensor-space patterns 
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observed in the OPM-MEG study reported in Chapter 4 and the source-localised findings 

reported by Pu et al. (2020). On the basis of their MEG results, Pu and colleagues (2020) 

argued that the right hippocampus may track lexical-semantic relations as sentence 

processing unfolds; a suggestion which is also supported by intracranial evidence from Piai et 

al. (2016). Furthermore, Pu et al. (2020) found enhanced theta phase coupling between the 

right hippocampus and the left superior temporal gyrus (STG) during sentence reading. The 

STG forms an important part of the cortical network responsible for language comprehension 

and lexical-semantic processing (Binder, 2015; Hickok & Poeppel, 2000). Pu and colleagues 

(2020) argued that theta phase coherence between the right hippocampus and the left-

lateralised language network may provide the interface between language and memory in 

service of flexible language comprehension. Again, it is important to stress that until my 

results are localised in source space, the speculations must be treated cautiously. However, it 

is nonetheless intriguing to think about what the above neural or oscillatory organisation 

could map onto the neurocognitive underpinnings of lexical-semantic updating and flexible 

language comprehension more generally. 

 In that vein, my final speculation concerns a possible division of labour between the 

brain regions underpinning the left-lateralised cluster (perhaps, as I have suggested, the left-

lateralised language network) and the right-lateralised neural assemblies (that may resolve to 

the hippocampal or wider medio-temporal structures). Returning to the behavioural 

discussion above, if there are indeed two qualitatively different memory traces being encoded 

during language comprehension – one being a contextually rich event model consisting of 

several components that made up the comprehension episode, and the other a simpler, less 

contextually detailed event file perhaps consisting simply of the ambiguous word form and its 

contextually appropriate comprehended meaning – then perhaps the language network may 

be responsible for the formation and encoding of the richer event model memory trace, while 

the hippocampus or other MTL areas may bind a small subset of relevant features of that 

event model in an event file. As part of a future attempt to render the above discussion less 

speculative, one way to test this in a future study would be to use a design similar to Curtis et 

al. (2022) where some associate production probe words correspond to the exact words that 

were read in the exposure sentences, while others are replaced by a semantically similar 

word. Evidence for the above speculation could come in the form of the two different regions 

being linked to the two conditions in different ways. More concretely, for the standard word-

meaning priming condition, both regions should be helpful and could be used to complete the 
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task. For the target-replaced condition, however, only the contextually richer memory will 

lead to optimal results and may therefore be found to uniquely support consistent responses in 

the associate production task in that condition. 

 

5.2.3 Methodological Contributions 

This thesis offers three main methodological contributions: Firstly, Chapter 2 presents the 

first study, to the best of my knowledge, which has combined accuracy and reaction time data 

collected in the relatedness judgement task of a word-meaning priming experiment to form a 

measure of the rate of correct responses (RCR) that a participant makes in that task. The RCR 

is defined as the proportion of correct responses divided by the reaction time (in ms; and 

divided by 60,000 for ease of interpretability and comparability). This measure thus combines 

two aspects of a participant’s relatedness judgement, which have previously only been 

considered separately. Priming-related changes in both of those judgements are considered 

evidence of word-meaning priming. I decided to introduce the RCR as a measure of word-

meaning priming as it has been found to be a more sensitive measure of priming in other 

areas, compared to either accuracy or reaction time alone (e.g., Vandierendonck, 2017), and 

has been successfully used in semantic priming studies (e.g., Was et al., 2018). However, one 

drawback of the RCR measure is that item-level variability is lost (since it involves 

summarising over all items for each participant), so for research where item-level variability 

is of interest, it is advisable to run both an RCR and a standard (e.g., mixed-effects model) 

analysis treating accuracy and reaction times separately. 

 Secondly, for the three empirical chapters reported in this thesis, I developed three 

extensive stimulus sets that have been pretested and normed on several linguistic measures, 

which may potentially be useful for a variety of future psycholinguistic investigations. All 

three stimulus sets are available on the OSF (see 

https://osf.io/a8mj4/?view_only=0fe94de6d5ce4000975ca304945a6b91 for Experiments 1-4 

reported in Chapter 2; see 

(https://osf.io/3rdy7/overview?view_only=0b6df6219aa841768dc3754221b02d10 for the 

EEG study reported in Chapter 3; and see 

https://osf.io/4tkrc/overview?view_only=5662c6dc097f4ece916972669f00842b for the MEG 

study reported in Chapter 4). 

https://osf.io/a8mj4/?view_only=0fe94de6d5ce4000975ca304945a6b91
https://osf.io/3rdy7/overview?view_only=0b6df6219aa841768dc3754221b02d10
https://osf.io/4tkrc/overview?view_only=5662c6dc097f4ece916972669f00842b
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 Finally, to the best of my knowledge, Chapter 4 reports one of the first studies 

investigating the neural underpinnings of language comprehension using OPM-MEG. OPM-

MEG has only recently emerged as an alternative to traditional SQUIDS-based MEG and 

presents several advantages over traditional MEG (Hill et al., 2022). For instance, OPM 

sensors are relatively small, weigh very little and do not require cryogenic cooling (unlike 

traditional MEG sensors). This allows for them to be placed directly onto a participant’s 

scalp, with many OPM sensor set-ups ensuring that the sensors can be placed in close 

proximity for optimal coverage (Brookes et al., 2022). This may substantially improve 

sensitivity, perhaps especially for deep brain structures such as the hippocampus, although 

there remains some uncertainty regarding the latter claim as this work is still in relatively 

early stages (Tierney et al., 2021; Barry et al., 2019). However, overall, the consensus seems 

to be that OPM-MEG provides excellent spatial coverage by virtue of the sensors being 

placed directly onto the scalp in a uniformly distributed and dense fashion. This might have 

further strengthened the reliability of the OPM-MEG sensor-space analysis reported in 

Chapter 4, which formed the basis for the main conclusions regarding the neurocognitive 

underpinnings of the lexical-semantic updating observed in that study. 

 

5.3 Limitations and Future Directions 

While so far in this chapter I have discussed the various contributions and strengths of the 

studies reported in this thesis, in this penultimate section, I want to acknowledge several 

important limitations before discussing possible future research directions. Firstly, it is 

important to acknowledge that the evidence for or against several of my hypotheses was not 

as clear as I would have hoped in Chapters 2 and 3, leaving me unable to draw more 

definitive conclusions. Instead, several possibilities remain with regard to the extent of the 

contribution of episodic memory in supporting flexible language comprehension, which I 

have discussed in the preceding chapters. Similarly, the reason for the complete absence of 

neural subsequent memory effects in the EEG study is a bit unclear, although it may be due to 

the fact that deeper neural sources are more difficult to detect with EEG, assuming that the 

hypothesised subsequent memory effect would have been driven by the hippocampus and 

surrounding MTL areas. An explanation along these lines would also make sense of the fact 

that I do indeed observe a type of subsequent memory effect in the MEG study (i.e., the 

word-meaning priming effect), where I was able to characterise the neural correlates of 
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lexical-semantic updating (which is hypothesised to be driven by a memory trace that was 

encoded during comprehension). 

 Secondly, some of my speculations regarding the brain regions that may be involved 

in supporting the word-meaning priming effect observed in Chapter 4 are not, as of yet, based 

on evidence from source localisation analyses. Therefore, while some of the apparent 

correspondences with previously published papers that have source-localised their theta 

effects are intriguing (see the Discussion for Chapter 4), it is imperative that source 

localisation be performed on the OPM-MEG data reported in this thesis before drawing any 

firm conclusions. Also regarding the OPM-MEG study, it would be interesting to see whether 

the increase in theta power during the processing of the ambiguous words that was linked to 

context-consistent responses at immediate test is also associated with consistent responses 

after the 7–14-day delay. Showing that these theta effects also predict the residual 

consolidated priming seen at the delayed test would be another interesting piece of evidence 

pointing to an important role for theta oscillations as a link between language comprehension 

and memory. 

Another future opportunity may be concerned with the role of sleep in supporting 

episodic memory consolidation in service of flexible language comprehension. More 

concretely, putting together the findings that hippocampal theta appears to be sensitive to 

word meanings (e.g., Piai et al., 2016; Pu et al., 2020) and that word meaning priming is 

maintained overnight (Gaskell et al., 2019), the question arises as to the nature of the 

hippocampal consolidation mechanism during sleep that supports the updating of word 

meanings and how this relates to neural processes operating at encoding. It would be 

reasonable to hypothesise that the lexical-semantic retuning process might be supported by 

sleep spindles, brief oscillations (at 10-15 Hz) occurring during specific sleep stages, which 

have been shown to play a critical role in hippocampal memory consolidation (e.g., Cairney, 

Guttesen, El Marj, & Staresina, 2018).  

Additionally, multiple studies have found that sleep spindles appear to be correlated 

with theta power during encoding (Denis et al., 2019; Heib et al., 2015). In Denis et al. 

(2019), for instance, the authors report data from an associative memory study using a 

sleep/wake design, where one half of the participants had a 2-hour nap opportunity whereas 

the other half stayed awake during that time. Both groups were subsequently tested on their 

memory for previously encoded word pairs, and EEG was recorded throughout. As predicted, 
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the nap group showed better memory retention at test compared to the wake group. 

Importantly, theta activity during the encoding of the word pairs was positively correlated 

with sleep-associated memory consolidation and the density of sleep spindles during the nap. 

Furthermore, sleep spindle density was correlated with the extent of memory consolidation 

(as measured in the post-nap test). The relationship between theta at encoding and memory 

consolidation during sleep was mediated by spindle density, as revealed by a mediated 

regression model. Finally, successful recall of word pairs in the nap group was associated 

with significantly lower theta activity during encoding compared to successful memory recall 

in the wake group, with the magnitude of this encoding-related theta decrease being 

significantly correlated with sleep spindle density. This suggests that theta at encoding may 

have served as a tagging mechanism to select the memory traces formed at encoding to be 

subsequently consolidated during sleep. 

Returning to the hypothesised mechanism supporting lexical-semantic retuning, a 

further way to probe in how far the updating of stored word meanings is underpinned by 

hippocampal consolidation mechanisms (as is predicted by the episodic context account) is to 

test for a correlation between theta power during sentence processing and the density of 

spindles during sleep, and then link this to the extent of word-meaning priming the next day, 

or perhaps even several days after exposure (cf. my discussion regarding possible effects of 

theta on residual consolidated priming above). However, no research has addressed the 

relation between theta power during lexical-semantic processing and sleep spindles during a 

subsequent consolidation period yet. So, while a relationship between theta during processing 

and sleep spindles during subsequent consolidation of lexical-semantic memory traces 

remains to be demonstrated, a study investigating this link could add greatly to the evidence 

base regarding the contribution of episodic memory processes in supporting linguistic 

flexibility. 

 

5.4 Conclusion 

The work presented in this thesis assessed the role of episodic memory in language 

comprehension and linguistic flexibility using a combination of behavioural and 

neuroscientific methods. Across four behavioural experiments investigating the effect of 

predictability on the updating of stored word-meanings, an EEG study investigating the 

processing and effects of lexical-semantic ambiguity, and an MEG study investigating the 
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neural correlates of lexical-semantic updating, novel evidence for an important contribution 

of episodic memory has emerged. While the evidence from the behavioural experiments is 

inconclusive and may place some constraints on the reach of episodic memory effects, the 

EEG study I conducted showed behavioural and oscillatory findings that are consistent with a 

view in which episodic memory contributes to the processing of lexically ambiguous and 

semantically incongruent words. The MEG study provided the strongest evidence for the 

involvement of episodic memory in flexible language comprehension, with both the 

behavioural and neurocognitive analyses revealing results that point to an important role for 

episodic memory processes. While future investigations are required to further characterise 

the reach of episodic memory and the potential involvement of other learning mechanisms, 

overall, the findings presented in this thesis provide novel evidence for the involvement of 

episodic memory processes in language comprehension and linguistic flexibility. 
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Appendix A – Stimuli for Chapter 2 (Behavioural Experiments) 

Table A.1 

The experimental sentences used in Experiments 1-4 (Chapter 2) 

Item Sentence Sentence Type Probe Word 

1 After coming home from work, Jane turned on 

the water tap and decided to unwind by 

listening to some peaceful music while she 

soaked in her cosy bathtub 

Expected relaxation 

1 After coming home from work, Jane decided to 

unwind by listening to some peaceful music in 

her cosy bathtub 

Neutral relaxation 

1 After coming home from work, Jane needed to 

unwind, so she lifted the blanket and slowly 

crawled into her cosy bathtub 

Unexpected relaxation 

1 After coming home from work, Jane turned on 

the water tap and decided to unwind by 

listening to some peaceful music while she 

soaked in her cosy clarinet 

Incongruent relaxation 

2 While Hannah enjoyed the symphony 

orchestra’s performance, she was concerned 

about the fact that her ears were still ringing 

from last night’s spectacular concert 

Expected loud 

2 To protect her hearing, Hannah decided to buy 

a pair of high-quality earplugs to wear at the 

annual spectacular concert 

Neutral loud 

2 Each Bonfire Night, Hannah is concerned about 

the ear-piercing bangs caused by the 

spectacular concert 

Unexpected loud 

2 While Hannah enjoyed the symphony 

orchestra’s performance, she was concerned 

about the fact that her ears were still ringing 

from last night’s spectacular pumpkin 

Incongruent loud 
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3 Before chopping the carrots and potatoes, he 

had to take a short break because his eyes were 

blurry and stinging from cutting the red onion 

Expected tears 

3 He sighed deeply as once again his eyes got 

blurry and stinging when he needed to handle 

the red onion. 

Neutral tears 

3 He realised that it was time for them to part 

ways, and with a heavy heart and blurry eyes, 

he decided to give up on the red onion 

Unexpected tears 

3 Before chopping the carrots and potatoes, he 

had to take a short break because his eyes were 

blurry and stinging from cutting the red ocean 

Incongruent tears 

4 We only stock the most comfortable items, and 

some of our pillows are made of high-quality 

duck feathers 

Expected soft 

4 We only stock the most comfortable items, and 

some of our products are made particularly 

smooth by using high-quality feathers 

Neutral soft 

4 We only stock the most comfortable items, and 

some of our coats are made of high-quality fox 

feathers 

Unexpected soft 

4 We only stock the most comfortable items, and 

some of our pillows are made of high-quality 

duck mortgages 

Incongruent soft 

5 As soon as she’d rushed into the classroom and 

slung it off her shoulders in a hurry, Anna 

started unpacking her textbooks from her 

double-strapped, grey backpack 

Expected student 

5 As soon as the bell rang at the end of the last 

lesson of the day, Anna got up in a hurry and 

put her textbooks away into her grey backpack 

Neutral student 

5 As soon as the bell rang at the end of the 

lesson, Anna stepped out onto the corridor and 

Unexpected student 
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locked her textbooks safely away in her 

metallic, grey backpack 

5 As soon as she’d rushed into the classroom and 

slung it off her shoulders in a hurry, Anna 

started unpacking her textbooks from her 

double-strapped, grey fork 

Incongruent student 

6 The new rail route cuts directly through the 

mountainside using what is Europe’s deepest 

and longest tunnel 

Expected train 

6 The new rail route cuts directly across the 

countryside using what is Europe’s longest 

tunnel 

Neutral train 

6 The new rail route directly spans the peaks of 

two major mountains using what is Europe’s 

highest and longest railway tunnel 

Unexpected train 

6 The new rail route cuts directly through the 

mountainside using what is Europe’s deepest 

and longest butterfly 

Incongruent train 

7 In the run-up to the charity event, Taylor 

bought a new razor because he wanted to get 

rid of his now fairly long, brown beard 

Expected shave 

7 In the run-up to the annual charity event, 

Taylor has been thinking of getting rid of his 

brown beard 

Neutral shave 

7 As a contribution to the local charity’s effort to 

produce wigs, Taylor decided to cut off and 

donate his long, brown beard 

Unexpected shave 

7 In the run-up to the charity event, Taylor 

bought a new razor because he wanted to get 

rid of his now fairly long, brown greenhouse 

Incongruent shave 

8 There was little time to spare, so the injured 

drivers were relieved when they finally saw the 

approaching ambulance 

Expected rush 
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8 There was little time to spare, so they were 

relieved and happy when they finally saw the 

approaching ambulance 

Neutral rush 

8 There was little time to spare, so the trapped 

mountaineers were relieved when they finally 

heard above them the single turbine engine of 

the approaching ambulance 

Unexpected rush 

8 There was little time to spare, so the injured 

drivers were relieved when they finally saw the 

approaching shirt 

Incongruent rush 

9 On their walk through the botanic garden, she 

noticed that her dog had pricked its tongue 

when it tried to eat a South American, green, 

bristly cactus 

Expected spike 

9 On their walk through the botanic garden, she 

accidentally hurt her hand a little when she 

inspected a bristly cactus 

Neutral spike 

9 On their walk through the local field, she 

pointed out that this particular spiny species is 

well protected because most predators retreat 

after they prick their tongue when trying to eat 

a grey, bristly cactus 

Unexpected spike 

9 On their walk through the botanic garden, she 

noticed that her dog had pricked its tongue 

when it tried to eat a South American, green, 

bristly mug 

Incongruent spike 

10 After two years of life in captivity, the parrot 

was looking dull and lethargic, so they decided 

to let it out of its old cage 

Expected trap 

10 After two years of life in their family home, 

they had a spirited discussion and ultimately 

decided to put their pet in an old cage 

Neutral trap 
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10 After two years of life in captivity, the goldfish 

was looking dull and lethargic, so they decided 

to take it out of its old cage 

Unexpected trap 

10 After two years of life in captivity, the parrot 

was looking dull and lethargic, so they decided 

to let it out of its old scissors 

Incongruent trap 

11 All members of the royal family were present at 

the annual ball, which as always was held at 

Windsor, the famous castle 

Expected prince 

11 It was a gloriously sunny and mild day when 

the members of the royal family came together 

to greet the public outside the famous castle 

Neutral prince 

11 The king’s oldest son thanked the servants as 

they held open the vehicle’s door so that he 

could climb into the famous castle 

Unexpected prince 

11 All members of the royal family were present at 

the annual ball, which as always was held at 

Windsor, the famous blanket 

Incongruent prince 

12 As per their tradition, they stayed up late to try 

and catch a glimpse of the white-bearded Santa 

Claus climbing down the big chimney 

Expected Christmas 

12 As per their tradition, carried on over 

generations, they used red and gold ribbons to 

decorate their big chimney 

Neutral Christmas 

12 As per their tradition, they hung golden candles 

and baubles onto the green, big chimney 

Unexpected Christmas 

12 As per their tradition, they stayed up late to try 

and catch a glimpse of the white-bearded Santa 

Claus climbing down the big microscope 

Incongruent Christmas 

13 Every day, the soot-covered workers in this 

town descend deep down into the tunnel to 

search for black lumps of valuable coal 

Expected miner 
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13 Every day, no matter the weather, the diligent 

and industrious workers in this town produce a 

lot of valuable coal 

Neutral miner 

13 Every day, the workers employed to search for 

expensive minerals, which will be used to 

produce jewellery, shovel up several pieces of 

glimmering, multiple-carat, valuable coal 

Unexpected miner 

13 Every day, the soot-covered workers in this 

town descend deep down into the tunnel to 

search for black lumps of valuable trumpet 

Incongruent miner 

14 Even though it’s in the city, this property 

comes with an orchard the size of nearly two 

acres 

Expected yard 

14 Even though it’s in the middle of the city, the 

pond at the new house is nearly two acres 

Neutral yard 

14 Even though it’s in the city, the bathroom at the 

new house has a squared size of nearly two 

acres 

Unexpected yard 

14 Even though it’s in the city, this property 

comes with an orchard the size of nearly two 

nightmares 

Incongruent yard 

15 On Thursday night, the BBC aired a 

programme featuring Huckleberry Finn and his 

many travels, journeys, and risky, dangerous 

and properly scary adventures 

Expected television 

15 On Thursday night last week, the BBC aired a 

television programme featuring interesting 

travels and properly scary adventures 

Neutral television 

15 On Thursday night, the BBC aired a narrative 

programme featuring horror films and similarly 

scary adventures 

Unexpected television 

15 On Thursday night, the BBC aired a 

programme featuring Huckleberry Finn and his 

Incongruent television 
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many travels, journeys, and risky, dangerous 

and properly scary sunflowers 

16 Whenever I set the table for dinner, I need to be 

careful not to let the hand-crafted salad bowls 

fall out onto the floor when I open the door of 

the wooden, narrow cupboard 

Expected plates 

16 Whenever I set the table for dinner, I need to 

walk down the wooden steps to search for the 

hand-crafted bowls in the dark, narrow 

cupboard 

Neutral plates 

16 Whenever I clear the table after dinner, I put 

the dirty salad bowls into the narrow cupboard 

Unexpected plates 

16 Whenever I set the table for dinner, I need to be 

careful not to let the hand-crafted salad bowls 

fall out onto the floor when I open the door of 

the wooden, narrow lottery 

Incongruent plates 

17 The local bar was absolutely packed, and, 

watching her move on the pole to the upbeat 

pop songs played that night, the audience 

cheered enthusiastically for the performance of 

the young dancer. 

Expected club 

17 The local bar was absolutely packed with both 

regulars and newcomers, and everyone drinking 

there that night thought that she was an 

excellent, young dancer 

Neutral club 

17 The local bar was absolutely packed, and as she 

performed a number of pop songs showcasing 

her unmistakable voice, the audience cheered 

enthusiastically and thought that she was an 

excellent, young dancer 

Unexpected club 

17 The local bar was absolutely packed, and, 

watching her move on the pole to the upbeat 

pop songs played that night, the audience 

Incongruent club 
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cheered enthusiastically for the performance of 

the young tomato 

18 On their walk through the forest, they saw a 

bushy-tailed grey rodent bury a reddish acorn 

Expected squirrel 

18 On their walk through the forest, they saw a 

bushy-tailed rodent eat a reddish acorn 

Neutral squirrel 

18 On their walk through the forest, they saw a 

bushy-tailed rodent chasing another reddish 

acorn 

Unexpected squirrel 

18 On their walk through the forest, they saw a 

bushy-tailed grey rodent bury a reddish lifeboat 

Incongruent squirrel 

19 The marketing firm offered various services to 

other companies, including promotions and 

entire newspaper pages consisting solely of 

professionally designed, accurate 

advertisements 

Expected agency 

19 The firm had been operating successfully for 

multiple years now and offered various services 

to other companies, including high-quality, 

accurate advertisements 

Neutral agency 

19 The consultancy firm offered various services 

to other companies, including legal and 

actuarial advice and careful, accurate 

advertisements 

Unexpected agency 

19 The marketing firm offered various services to 

other companies, including promotions and 

entire newspaper pages consisting solely of 

professionally designed, accurate fingernails 

Incongruent agency 

20 To make her feet look nice for the pool party, 

she painted her toenails and wore a band of 

jewellery around her thin ankle 

Expected bracelet 



189 
 

20 To look nice for the celebration held at her old 

school, she wore a band of jewellery around her 

thin ankle 

Neutral bracelet 

20 To make her hands look nice for the wedding, 

she painted her fingernails and wore a band of 

jewellery around her thin ankle 

Unexpected bracelet 

20 To make her feet look nice for the pool party, 

she painted her toenails and wore a band of 

jewellery around her thin floorboards 

Incongruent bracelet 

21 You can get in a good workout and keep 

aerobically fit by riding an inexpensive bicycle 

Expected exercise 

21 You can get in a good workout and keep 

aerobically fit by using an inexpensive bicycle 

Neutral exercise 

21 You can get in a good workout and keep 

aerobically fit by lifting an inexpensive bicycle 

Unexpected exercise 

21 You can get in a good workout and keep 

aerobically fit by riding an inexpensive sock 

Incongruent exercise 

22 She noticed that the small chalk-coloured 

chunks in the broth she ordered were in fact 

pieces of soft animal tendons and hard bone 

Expected white 

22 While eating her dinner, she noticed that the 

small chalk-coloured traces in her food were in 

fact derived from hard bone 

Neutral white 

22 She noticed that the small chalk-coloured 

sprinkles on top of the cake she ordered were in 

fact sweet crystals of hard bone 

Unexpected white 

22 She noticed that the small chalk-coloured 

chunks in the broth she ordered were in fact 

pieces of soft animal tendons and hard joy 

Incongruent white 

23 Because they were craving something sweet 

after their main course, they decided to order 

some cake for a delicious dessert 

Expected syrup 
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23 Because they were craving something sweet, 

they decided to buy some delicious dessert 

Neutral syrup 

23 Because they were craving something sweet 

and refreshing in the summer heat, they decided 

to walk to the parlour to get some delicious 

dessert 

Unexpected syrup 

23 Because they were craving something sweet 

after their main course, they decided to order 

some delicious planet 

Incongruent syrup 

24 Bursts of fires escaped from the creature’s 

mouth, and hard, rigid, plate-like structures 

covered the body of the endangered dragon 

Expected scales 

24 Puffs of air escaped from its mouth as it swiftly 

moved back and forth, and hard, rigid, plate-

like structures covered the body of the 

endangered dragon 

Neutral scales 

24 They watched it as it navigated through the 

dark blue sea, with bubbles of air escaping 

from its mouth and hard, rigid, plate-like 

structures covering the body of the green 

endangered dragon 

Unexpected scales 

24 Bursts of fires escaped from the mythical 

creature’s mouth, and hard, rigid, plate-like 

structures covered the body of the endangered 

context 

Incongruent scales 

25 Because she misspelt a word when completing 

the exercise sheet, she asked her friend if she 

could borrow his rubbery, small eraser 

Expected delete 

25 Because she misspelt a word when completing 

the exercise sheet, she had to use her small 

eraser 

Neutral delete 
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25 Because she was dyslexic and often misspelt 

words when completing exercise sheets, she 

was allowed to use her English, small eraser 

Unexpected delete 

25 Because she misspelt a word when completing 

the exercise sheet, she asked her friend if she 

could borrow his rubbery, small universe 

Incongruent delete 

26 This nocturnal flying mammal is able to drink 

blood with its teeth-like, long fangs 

Expected bat 

26 This small nocturnal mammal is able to fly and 

has long fangs 

Neutral bat 

26 This nocturnal mammal is able to fly by 

flapping its long fangs 

Unexpected bat 

26 This nocturnal flying mammal is able to drink 

blood with its teeth-like, long pianos 

Incongruent bat 

27 Hearing the surprising news made her arch her 

impeccably plucked, beautiful eyebrows 

Expected expression 

27 Even though she was trying to hide her true 

feelings, hearing the surprising news made her 

move her beautiful eyebrows 

Neutral expression 

27 Hearing the surprising news made her purse her 

red-tainted, beautiful eyebrows 

Unexpected expression 

27 Hearing the surprising news made her arch her 

impeccably plucked, beautiful dwarfs 

Incongruent expression 

28 The scientists systematically worked out that 

the two triangular shapes were congruent by 

applying Pythagoras’ theorem and other 

mathematical laws of Euclidean standard 

geometry 

Expected analytical 

28 The experienced pilot systematically worked 

out the safest way to land by using standard 

geometry 

Neutral analytical 
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28 The rhetorician’s argument is highly systematic 

and follows the formal rules of conversational, 

standard geometry 

Unexpected analytical 

28 The scientists systematically worked out that 

the two triangular shapes were congruent by 

applying Pythagoras’ theorem and other 

mathematical laws of Euclidean standard lava 

Incongruent analytical 

29 Regardless of whether matter is tightly packed 

together or widely dispersed, what remains the 

same is the down-pulling force of well-

described gravity 

Expected density 

29 It is a universal law that regardless of whether 

matter is tightly packed together or widely 

dispersed, it is equally affected by well-

described gravity 

Neutral density 

29 Regardless of whether matter is tightly packed 

together or widely dispersed, moving it will 

involve kinetic, well-described gravity 

Unexpected density 

29 Regardless of whether matter is tightly packed 

together or widely dispersed, what remains the 

same is the down-pulling force of well-

described dairy 

Incongruent density 

30 She couldn’t hear much, as she had a build-up 

of wax caused by a viral, painful infection 

Expected ear 

30 She felt slightly unwell and couldn’t hear 

much, as she had a build-up of wax caused by a 

minor, painful infection 

Neutral ear 

30 She couldn’t hear much and had a high 

temperature, both due to a build-up of wax 

caused by a glandular, painful infection 

Unexpected ear 

30 She couldn’t hear much, as she had a build-up 

of wax caused by a viral, painful strawberry 

Incongruent ear 
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31 To produce homegrown remedies, many 

cultures around the world use spices and 

various herbs 

Expected marijuana 

31 To induce supernatural experiences and 

produce psychedelic effects, many cultures 

around the world consume various herbs 

Neutral marijuana 

31 To produce psychedelic effects, many cultures 

around the world smoke joints consisting of 

various herbs 

Unexpected marijuana 

31 To produce homegrown remedies, many 

cultures around the world use spices and 

various taxis 

Incongruent marijuana 

32 He sat at his workstation, and because it was 

getting dark he had to switch on his sturdy, 

metallic, tall lamp 

Expected desk 

32 He sat at his workstation until late into the 

night, and because his space was getting 

cluttered he had to rearrange the tall lamp 

Neutral desk 

32 He sat at his workstation, and because he was 

running out of water he had to refill his tall 

lamp 

Unexpected desk 

32 He sat at his workstation, and because it was 

getting dark he had to switch on his sturdy, 

metallic, tall destination 

Incongruent desk 

33 By deriving elastic gum from a latex tree one 

can produce round, inflatable, colourful 

balloons 

Expected rubber 

33 One new thing I learned today is that by 

deriving elastic gum from a latex tree you can 

produce colourful balloons 

Neutral rubber 

33 By deriving elastic gum from a latex tree you 

can produce child-friendly knives and colourful 

balloons 

Unexpected rubber 
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33 By deriving elastic gum from a latex tree one 

can produce round, inflatable, colourful spells 

Incongruent rubber 

34 To add volume, she massaged her damp hair 

with liquid gel before applying more solid wax 

as well as frothy styling mousse 

Expected foam 

34 To add volume to her thin, blonde hair, she 

gently massaged her scalp using circular 

motions before applying styling mousse 

Neutral foam 

34 To add volume, she massaged her damp hair 

with liquid gel before treating it with heat using 

a curling, styling mousse 

Unexpected foam 

34 To add volume, she massaged her damp hair 

with liquid gel before applying more solid wax 

as well as frothy styling gravel 

Incongruent foam 

35 There was a huge Tyrannosaurus skeleton in 

the foyer of the natural history and railway 

museum 

Expected dinosaur 

35 Among many other remains and broken 

artefacts, there was a huge Tyrannosaurus 

skeleton found in the ancient railway museum 

Neutral dinosaur 

35 They uncovered a huge Tyrannosaurus skeleton 

beneath London’s busiest railway museum 

Unexpected dinosaur 

35 There was a huge Tyrannosaurus skeleton in 

the foyer of the natural history and railway 

deadline 

Incongruent dinosaur 

36 Because it has a high toxicity, one can easily 

burn through certain materials using what is not 

even a lethal dose of different kinds of sour 

poison 

Expected acid 

36 During their chemistry lesson, the students 

learned that because it has a low pH, one can 

easily burn through certain materials using sour 

poison 

Neutral acid 
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36 Because it has a low pH, one can easily burn 

through certain materials using sour lemon 

poison 

Unexpected acid 

36 Because it has a high toxicity, one can easily 

burn through certain materials using what is not 

even a lethal dose of different kinds of sour 

straw 

Incongruent acid 

37 She made sure there were no lumps in it before 

feeding her baby the mixture of carrots and 

mashed, organic potato 

Expected mash 

37 She was a very careful cook and made sure 

there were no lumps in it before serving the 

organic potato 

Neutral mash 

37 She made sure that no lumps formed by using a 

whisk to continuously stir the savoury, brown, 

organic potato 

Unexpected mash 

37 She made sure there were no lumps in it before 

feeding her baby the mixture of carrots and 

mashed, organic network 

Incongruent mash 

38 To confirm that the plans could go ahead, she 

warmed up some wax and sealed the envelope 

with an old-fashioned stamp 

Expected approval 

38 To confirm that the plans could go ahead and to 

make the decision official, she closed the 

document with an old-fashioned stamp 

Neutral approval 

38 To confirm that the plans could go ahead, she 

dated the document and beneath it added her 

old-fashioned stamp 

Unexpected approval 

38 To confirm that the plans could go ahead, she 

warmed up some wax and sealed the envelope 

with an old-fashioned snowball 

Incongruent approval 

39 After he had inspected it, the conductor told the 

passenger that the cost of the train fare as well 

Expected money 
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as the refund conditions were outlined on the 

printed ticket 

39 The entire cost of the trip, including 

accommodation and food, as well as other non-

essential items, were outlined on the printed 

ticket 

Neutral money 

39 The cost of the three-course meal as well as the 

service charge was listed on the printed ticket 

Unexpected money 

39 After he had inspected it, the conductor told the 

passenger that the cost of the train fare as well 

as the refund conditions were outlined on the 

printed rocket 

Incongruent money 

40 The server balanced the delicate champagne 

flutes on a shiny, metallic tray 

Expected silver 

40 In the local pub, situated in the centre of the 

historic market town, the server carried with 

him a shiny, metallic tray 

Neutral silver 

40 The server set the table by distributing shiny, 

knives, forks, and a metallic tray 

Unexpected silver 

40 The server balanced the delicate champagne 

flutes on a shiny, metallic fever 

Incongruent silver 

41 Having travelled there often, she absolutely 

loved Amsterdam, and unsurprisingly her 

favourite flowers were soft tulips 

Expected Holland 

41 She absolutely loved Amsterdam and was 

already looking forward to her next visit where 

she could once again marvel at the soft tulips 

Neutral Holland 

41 She was looking forward to her next visit to 

Amsterdam where she could once again enjoy 

her favourite sandwich made up of cheese and 

freshly baked, soft tulips 

Unexpected Holland 
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41 Having travelled there often, she absolutely 

loved Amsterdam, and unsurprisingly her 

favourite flowers were soft blackboards 

Incongruent Holland 

42 They wanted somewhere bigger to live so they 

jumped at the chance when they heard that the 

building opposite them had recently advertised 

a cheap vacancy 

Expected apartment 

42 The young couple wanted somewhere bigger to 

live so they were looking out for a cheap 

vacancy 

Neutral apartment 

42 They wanted somewhere bigger to live so they 

were looking out for notices advertising a 

three-bedroom semi-detached, cheap vacancy 

Unexpected apartment 

42 They wanted somewhere bigger to live so they 

jumped at the chance when they heard that the 

building opposite them had a recently 

advertised, cheap racehorse 

Incongruent apartment 

43 Made from natural materials derived from clay, 

she was pleased with her recent purchase as she 

placed the flowers into the nicely decorated 

vase 

Expected ceramic 

43 Natural materials derived from clay, such as 

porcelain or pottery, are most commonly used 

to make a nicely decorated vase 

Neutral ceramic 

43 All the pottery sold in our shop is made using 

natural materials derived from clay, including 

all plates, cutlery, and the nicely decorated vase 

Unexpected ceramic 

43 Made from natural materials derived from clay, 

she was pleased with her recent purchase as she 

placed the flowers into the nicely decorated 

horoscope 

Incongruent ceramic 
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44 After the bullying episode, no one felt as alone 

and betrayed as the scared, targeted, and tired 

victim 

Expected sad 

44 After the incident, there was no one who was as 

quite depressed and heartbroken as the tired 

victim 

Neutral sad 

44 After the bank robbery, no one was as 

apologetic, mournful, and conscience-stricken 

as the convicted, tired victim 

Unexpected sad 

44 After the bullying episode, no one felt as alone 

and betrayed as the scared, targeted, and tired 

curtain 

Incongruent sad 

45 To direct the orchestra, the conductor held a 

wooden stick that looked a bit like a magic 

wand 

Expected baton 

45 While the orchestra was putting on an 

incredible performance of Ludwig van 

Beethoven’s 5th symphony, he used what 

looked like a wand 

Neutral baton 

45 To direct the orchestra, the conductor first 

flicked through some pages and then read 

relevant notes off his music wand 

Unexpected baton 

45 To direct the orchestra, the conductor held a 

wooden stick that looked a bit like a magic 

seashore 

Incongruent baton 

46 The assailant used a dagger with a 6-inch blade 

and a very sharp edge as his favourite weapon 

Expected knife 

46 When in his office, he used his dagger to open 

the envelopes he received but besides that he 

also used it as a favourite weapon 

Neutral knife 

46 Before heading out onto the field, the gardener 

skillfully sharpened the very long metallic 

blade of his favourite weapon 

Unexpected knife 
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46 The assailant used a dagger with a 6-inch blade 

and a very sharp edge as his favourite soup 

Incongruent knife 

47 In an attempt to straighten them, the 

orthodontist fitted her teeth with grey brackets 

and then inserted a metallic, thin wire 

Expected braces 

47 During her last visit to the dentist, which she 

could still recall only too vividly, she was left 

with some thin wire 

Neutral braces 

47 After the dentist had stopped drilling, he 

inserted the white, thin wire 

Unexpected braces 

47 In an attempt to straighten them, the 

orthodontist fitted her teeth with grey brackets 

and then inserted a metallic, thin itinerary 

Incongruent braces 

48 One of several animals with 12 incisors, 4 

canines and 26 molars is one of the most 

ferocious howling predators in the Northern 

hemisphere, the wild grey wolf 

Expected teeth 

48 One of several four-legged, furry animals with 

12 incisors, 4 canines and 26 molars is the grey 

wolf 

Neutral teeth 

48 One of several animals with 12 incisors, 4 

canines and 26 molars is man’s best friend, the 

domestic grey wolf 

Unexpected teeth 

48 One of several animals with 12 incisors, 4 

canines and 26 molars is one of the most 

ferocious canines in the Northern hemisphere, 

the wild grey leek 

Incongruent teeth 

49 Moving their way through dirt and soil, the 

nature reserve is home to several kinds of 

wriggly, small worm 

Expected earth 

49 Often covered in dirt and soil, and found all 

over mainland Europe, the nature reserve is 

home to several kinds of small worm 

Neutral earth 
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49 Often found rolling in dirt and soil, the rescue 

farm is home to several small worm 

Unexpected earth 

49 Digging their way through dirt and soil, the 

nature reserve is home to several kinds of 

wriggly, small jeans 

Incongruent earth 

50 A good food to eat if you need to watch your 

weight is a sugar-free, low-fat dairy product 

such as quark or Greek yoghurt 

Expected diet 

 

 

50 She was told by her dietitian that a good food to 

eat if you need to watch your weight is organic 

yoghurt 

Neutral diet 

 

50 A good food to eat if you need to watch your 

weight is lean, grass-fed wagyu yoghurt 

Unexpected diet 

 

50 A good food to eat if you need to watch your 

weight is a sugar-free, low-fat dairy product 

such as quark or Greek towels 

Incongruent diet 

 

51 The cocktail was made by mixing lemon juice, 

sugar and egg white into pure Scottish 

Highland whisky 

Expected sour 

51 The cocktail that the woman ordered was made 

by mixing lemon juice, sugar and egg white 

into whisky 

Neutral sour 

51 The cocktail was made by mixing lemon juice, 

sugar and egg white with anise-flavoured, 

green whisky 

Unexpected sour 

51 The cocktail was made by mixing lemon juice, 

sugar and egg white into pure Scottish 

Highland deliberation 

Incongruent sour 

52 The physician who treated her held the highest 

academic honours and was employed at the 

university first as a lecturer and later as an 

esteemed professor 

Expected doctor 
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52 The calm and competent physician who treated 

her at the hospital was also employed as an 

esteemed professor 

Neutral doctor 

52 The physician who treated her loved animals 

and had originally been practising as an 

esteemed professor 

Unexpected doctor 

52 The physician who treated her held the highest 

academic honours and was employed at the 

university first as a lecturer and later as an 

esteemed apple 

Incongruent doctor 

53 The city is provided with electricity from fossil 

fuel 

Expected power 

53 This mid-sized city in the south east of England 

is provided with electricity from local fuel 

Neutral power 

53 The city is provided with electricity from solar 

fuel 

Unexpected power 

53 The city is provided with electricity from fossil 

tape 

Incongruent power 

54 She wasn’t sure what the word meant so she 

decided to look it up in her Oxford English web 

dictionary 

Expected definition 

54 She wasn’t sure what the word meant and didn't 

know whom to ask, so she decided to check a 

web dictionary 

Neutral definition 

54 She wasn’t sure what the word meant, so in 

order to look it up she opened a new window in 

her web dictionary 

Unexpected definition 

54 She wasn’t sure what the word meant so she 

decided to look it up in her Oxford English web 

tyre 

Incongruent definition 

55 They had to put luminous stickers on to prevent 

birds from flying into the colourless, big 

window 

Expected transparent 
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55 They had to take some rather drastic measures 

to prevent animals from crashing into the big 

window 

Neutral transparent 

55 They had to take some measures to prevent 

birds from nesting directly under the roof in the 

nicely structured, sheltering, big window 

Unexpected transparent 

55 They had to put dark stickers on to prevent 

birds from flying into the colourless, big tea 

Incongruent transparent 

56 As a housewarming present, they brought their 

friends a nice bottle of red wine 

Expected gift 

56 As a housewarming present, they brought their 

friends a nice and expensive red wine 

Neutral gift 

56 As a housewarming present, they brought their 

friends a nice bouquet of red wine 

Unexpected gift 

56 As a housewarming present, they brought their 

friends a nice bottle of red birds 

Incongruent gift 

57 Sitting there on the end of his fingertip, it was 

hard to believe that his cherished pet 

chameleon was a type of tiny lizard 

Expected small 

 

57 Sitting there on the end of his fingertip, it was 

hard to believe that his cherished pet was a type 

of tiny lizard 

Neutral small 

 

57 Sitting there on the end of his fingertip, it was 

hard to believe that his cherished, feathered pet 

was a type of tiny lizard 

Unexpected small 

 

57 Sitting there on the end of his fingertip, it was 

hard to believe that his cherished pet 

chameleon was a type of tiny violin 

Incongruent small 

 

58 She baked a cake for her daughter’s fifteenth 

birthday party 

Expected celebration 

58 She baked a delicious cake consisting of three 

layers for her sister’s upcoming wedding party 

Neutral celebration 
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58 She baked a cake for her daughter’s upcoming 

baby party 

Unexpected celebration 

58 She baked a cake for her daughter’s fifteenth 

birthday hill 

Incongruent celebration 

59 She realised that she had gotten lost in the city, 

so she decided to look up the directions back to 

her hotel on her mobile phone 

Expected internet 

59 She realised that she had gotten lost in the city, 

so she decided to look up the directions back to 

her hotel on a phone 

Neutral internet 

59 She realised that she had gotten lost in the city, 

so in order to look up the directions back to her 

hotel, she unfolded her phone 

Unexpected internet 

59 She realised that she had gotten lost in the city, 

so she decided to look up the directions back to 

her hotel on her mobile fish 

Incongruent internet 

60 Because the temperature was below zero 

degrees throughout their 4-day hike, everyone 

was wearing several layers of thermal gear and 

had their heads covered with a woolly, warm 

hat 

Expected cold 

60 Because the temperature was below zero 

degrees throughout their 4-day hike across the 

Northern parts of Sweden, everyone was 

wearing several layers of thermal gear and a 

warm hat 

Neutral cold 

60 Because the temperature was below zero 

degrees throughout their 4-day hike, everyone 

was wearing several layers of thermal gear and 

a wind-resistant, waterproof, zip-up, warm hat 

Unexpected cold 

60 Because the temperature was below zero 

degrees throughout their 4-day hike, everyone 

was wearing several layers of thermal gear and 

Incongruent cold 
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had their heads covered with a woolly, warm 

knife 

61 She was always by his side, and there was 

nothing in the world he cared more about than 

his precious Bernese Mountain dog 

Expected companion 

61 She was always by his side and never let him 

down, and there was nothing in the world he 

cared more about than his dog 

Neutral companion 

61 She was always by his side, and there was 

nothing in the world he cared more about than 

his precious Siamese dog 

Unexpected companion 

61 She was always by his side, and there was 

nothing in the world he cared more about than 

his precious Bernese Mountain stage 

Incongruent companion 

62 Meditation and yoga are two effective ways of 

looking after your mental and emotional health 

Expected mindfulness 

62 Yoga exercises, especially if they are combined 

with regular meditation practice, are thought to 

be a good way to improve your emotional 

health 

Neutral mindfulness 

62 The simplest meditation practice consists of 

simply paying close attention to your emotional 

health 

Unexpected mindfulness 

62 Meditation and yoga are two effective ways of 

looking after your mental and emotional 

economy 

Incongruent mindfulness 

63 After falling over 2.5 metres down the side of 

the boulder, the climber was in intense pain 

Expected accident 

63 After being forced to end his climbing tour 

much earlier than planned, all he could feel was 

intense pain 

Neutral accident 
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63 After miraculously surviving a 2.5 metre fall, 

the climber was immensely grateful and 

overcome with intense pain 

Unexpected accident 

63 After falling over 2.5 metres down the side of 

the boulder, the climber was in intense rules 

Incongruent accident 

64 The cameras had no trouble detecting the driver 

who was racing down the inner city road at 80 

mph in his flashy car 

Expected speeding 

64 The cameras had no trouble at all detecting the 

man who was racing down the tree-laned inner 

city road with his flashy car 

Neutral speeding 

64 The cameras had no trouble detecting the rider 

wearing no helmet who was racing down the 

inner city road at 80 mph with his flashy car 

Unexpected speeding 

64 The cameras had no trouble detecting the driver 

who was racing down the inner city road at 80 

mph in his flashy food 

Incongruent speeding 

65 The artist produced stunning greyscale 

drawings using only a well-sharpened, simple 

pencil 

Expected images 

65 The artist produced absolutely stunning 

drawings using only a simple pencil 

Neutral images 

65 The artist produced stunning paintings using 

only the very best watercolours combined with 

a simple pencil 

Unexpected images 

65 The artist produced stunning greyscale 

drawings using only a well-sharpened, simple 

vampire 

Incongruent images 

66 To get better grip before attempting the most 

difficult route in the bouldering hall, the young 

athlete covered her hands with powdery, white 

chalk 

Expected climbing 
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66 Before attempting the most difficult route in the 

bouldering hall which only very few people had 

the strength to complete, the young athlete 

prepared herself by putting on some white 

chalk 

Neutral climbing 

66 Before attempting the most difficult route in the 

bouldering hall, the young athlete protected her 

feet by putting on grippy, white chalk 

Unexpected climbing 

66 To get better grip before attempting the most 

difficult route in the bouldering hall, the young 

athlete covered her hands with powdery, white 

guitars 

Incongruent climbing 

67 After making them run through a complicated 

maze, the rodent researcher brought over the 

cage that normally housed the laboratory’s grey 

rats 

Expected science 

67 After making them move around for a while, 

the animal researcher brought over the 

container that normally housed the laboratory’s 

grey rats 

Neutral science 

67 After making them move around the snowy 

landscape, the antarctic animal researcher 

brought over the cage that normally housed the 

laboratory’s domesticated, black-and-white and 

grey rats 

Unexpected science 

67 After making them run through a complicated 

maze, the rodent researcher brought over the 

cage that normally housed the laboratory’s grey 

bells 

Incongruent science 

68 He never talked to anyone about his deepest 

feelings, but only wrote about them in his well-

guarded diary 

Expected secret 
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68 He was a very private person and only revealed 

his deepest feelings to his well-guarded diary 

Neutral secret 

68 He never talked to anyone about his deepest 

feelings, so they remained buried in his 

troubled, well-guarded diary 

Unexpected secret 

68 He never talked to anyone about his deepest 

feelings, but only wrote about them in his well-

guarded pond 

Incongruent secret 

69 Rather than filling the pages with important 

points from the lecture, she was occupied by 

drawing little figures into her lined, used 

notebook 

Expected sketch 

69 Rather than paying attention to the lecture, she 

was occupied by drawing little figures onto the 

used notebook 

Neutral sketch 

69 Rather than paying attention to the lecture, she 

was occupied by drawing little figures onto the 

previously distributed used notebook 

Unexpected sketch 

69 Rather than filling the pages with important 

points from the lecture, she was occupied by 

drawing little figures into her lined, used 

chestnut 

Incongruent sketch 

70 She felt completely parched after her running 

race, so she grabbed her bottle and rapidly 

gulped down several sips of fresh water 

Expected hydration 

70 She felt completely exhausted after her running 

race, so the first thing she did was to get some 

fresh water 

Neutral hydration 

70 She was sweating heavily after her running 

race, so the first thing she did was to seek out a 

tree under which she could get some fresh 

water 

Unexpected hydration 
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70 She felt completely parched after her running 

race, so she grabbed her bottle and rapidly 

gulped down several sips of fresh night 

Incongruent hydration 

71 The massive bridge that is currently being 

renovated is very strong and made out of iron 

and sturdy steel 

Expected construction 

71 The bridge spanning the city's river that is 

currently being renovated is made out of sturdy 

steel 

Neutral construction 

71 The brown, medieval bridge that is currently 

being renovated is made entirely out of sturdy 

steel 

Unexpected construction 

71 The massive bridge that is currently being 

renovated is very strong and made out of iron 

and sturdy soup 

Incongruent construction 

72 She housed several rescue animals on her 

homestead, including cows and pigs as well as 

clucking, shy chickens 

Expected sanctuary 

72 She housed several rescue animals on her 

homestead, including horses and shy chickens 

Neutral sanctuary 

72 She housed several rescue equine animals on 

her homestead, including horses, mules, and 

shy chickens 

Unexpected sanctuary 

72 She housed several rescue animals on her 

homestead, including cows and pigs as well as 

clucking, shy olives 

Incongruent sanctuary 

73 He could tell that she was upset by the tone of 

her trembling voice 

Expected emotion 

73 He could tell that his wife was upset by her 

trembling voice 

Neutral emotion 

73 He could tell that she was upset by her shaking 

arms and trembling voice 

Unexpected emotion 
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73 He could tell that she was upset by the tone of 

her trembling calendar 

Incongruent emotion 

74 The zoologist admired their short hops and 

swift jumps, and she was proud to have 

domesticated several long-eared, sweet rabbits 

Expected pet 

74 The zoologist admired their nice fur and swift 

gait, and she was proud to have domesticated 

several sweet rabbits 

Neutral pet 

74 The zoologist admired their swift and powerful 

jumps, and she was proud to have domesticated 

several Australian, sweet rabbits 

Unexpected pet 

74 The zoologist admired their short hops and 

swift jumps, and she was proud to have 

domesticated several long-eared, sweet aprons 

Incongruent pet 

75 They hadn’t seen each other in ages and had 

many interesting stories to discuss, so they 

decided to meet up for a nicely brewed, 

enjoyable coffee 

Expected chat 

75 They hadn’t seen each other in ages and had 

many interesting stories and events to discuss, 

so they decided to have an enjoyable coffee 

Neutral chat 

75 They hadn’t seen each other in ages and had 

many interesting stories to discuss, so they 

decided to meet up at a local pub for an 

enjoyable coffee 

Unexpected chat 

75 They hadn’t seen each other in ages and had 

many interesting stories to discuss, so they 

decided to meet up for a nicely brewed, 

enjoyable temple 

Incongruent chat 

76 Before mounting her horse and entering the 

arena, the professional rider put on her helmet 

and protected her hands by wearing two leather 

gloves 

Expected equestrian 
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76 Before mounting her horse and entering the 

impressively decorated arena, the professional 

rider put on her helmet and her leather gloves 

Neutral equestrian 

76 To protect herself from an injury before 

mounting her horse and entering the arena, the 

professional rider put on her leather gloves 

Unexpected equestrian 

76 Before mounting her horse and entering the 

arena, the professional rider put on her helmet 

and protected her hands by wearing two leather 

suns 

Incongruent equestrian 

 

Note. Each probe word listed in this table appears after the corresponding sentence in the 

exposure phase as part of the relatedness judgement task (see Methods for details). Detailed 

spreadsheets containing the stimuli for Experiments 1-3 and Experiment 4 separately as well 

as all behavioural data is available on the OSF 

(https://osf.io/a8mj4/?view_only=0fe94de6d5ce4000975ca304945a6b91).  

 

 

  

https://osf.io/a8mj4/?view_only=0fe94de6d5ce4000975ca304945a6b91


211 
 

Appendix B – Stimuli for Chapter 3 (EEG Study) 

Table B.1 

The experimental sentences used in the EEG study (Chapter 3) 

Item Sentence Sentence Type Probe Word 

1 There were weeds growing in the bed High Ambiguity nature 

1 There were weeds growing in the garden Low Ambiguity nature 

1 There were weeds growing in the particle Incongruent nature 

2 The most recent opinion polls did not favour 

the current party 

High Ambiguity politics 

2 The most recent opinion polls did not favour 

the current president 

Low Ambiguity politics 

2 The most recent opinion polls did not favour 

the current Saturn 

Incongruent politics 

3 The bottom part of his foot was covered in 

corns 

High Ambiguity sole 

3 The bottom part of his foot was covered in 

calluses 

Low Ambiguity sole 

3 The bottom part of his foot was covered in 

nightmares 

Incongruent sole 

4 The clock didn't give the time because it had a 

broken hand 

High Ambiguity indicator 

 

4 The clock didn't give the time because it had a 

broken display 

Low Ambiguity indicator 

 

4 The clock didn't give the time because it had a 

broken eagle 

Incongruent indicator 

 

5 The secretary emailed to ask what 

arrangement would best suit 

High Ambiguity convenient 

 

5 The secretary emailed to ask what 

arrangement would best work 

Low Ambiguity convenient 

 

5 The secretary emailed to ask what 

arrangement would best drown 

Incongruent convenient 

 

6 The tennis player was thrilled to win the cup High Ambiguity trophy 
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6 The tennis player was thrilled to win the 

tournament 

Low Ambiguity trophy 

6 The tennis player was thrilled to win the 

shadow 

Incongruent trophy 

7 They prepared for a long day of work at the 

plant 

High Ambiguity labour 

7 They prepared for a long day of work at the 

factory 

Low Ambiguity labour 

7 They prepared for a long day of work at the 

leaf 

Incongruent labour 

8 The pigs were frolicking in the muddy pen High Ambiguity enclosure 

8 The pigs were frolicking in the muddy soil Low Ambiguity enclosure 

8 The pigs were frolicking in the muddy 

calendar 

Incongruent enclosure 

9 Her father was a regional manager at shell High Ambiguity company 

9 Her father was a regional manager at nike Low Ambiguity company 

9 Her father was a regional manager at sneeze Incongruent company 

10 The substance had developed a protective film High Ambiguity coating 

10 The substance had developed a protective 

layer 

Low Ambiguity coating 

10 The substance had developed a protective 

question 

Incongruent coating 

11 The host was asked to make a toast High Ambiguity guests 

11 The host was asked to make a speech Low Ambiguity guests 

11 The host was asked to make a road Incongruent guests 

12 The old man swam towards the bank High Ambiguity water 

12 The old man swam towards the shore Low Ambiguity water 

12 The old man swam towards the alphabet Incongruent water 

13 He wanted to learn how to fence High Ambiguity lesson 

13 He wanted to learn how to duel Low Ambiguity lesson 

13 He wanted to learn how to corrode Incongruent lesson 

14 She poured the champagne into the glasses High Ambiguity flutes 

14 She poured the champagne into the flutes Low Ambiguity flutes 
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14 She poured the champagne into the moon Incongruent flutes 

15 He was interested in astronomy, so he studied 

the moon's cycle 

High Ambiguity universe 

15 He was interested in astronomy, so he studied 

the moon's orbit 

Low Ambiguity universe 

15 He was interested in astronomy, so he studied 

the moon's swordfish 

Incongruent universe 

16 Solving the puzzle was very hard High Ambiguity challenge 

16 Solving the puzzle was very difficult Low Ambiguity challenge 

16 Solving the puzzle was very anaerobic Incongruent challenge 

17 All that college athletes do most days is 

workout and train 

High Ambiguity basketball 

17 All that college athletes do most days is 

workout and exercise 

Low Ambiguity basketball 

17 All that college athletes do most days is 

workout and iterate 

Incongruent basketball 

18 He was glad he knew how to box High Ambiguity skill 

18 He was glad he knew how to fight Low Ambiguity skill 

18 He was glad he knew how to percolate Incongruent skill 

19 She worked her way up and was soon leading 

her branch 

High Ambiguity promotion 

19 She worked her way up and was soon leading 

her office 

Low Ambiguity promotion 

19 She worked her way up and was soon leading 

her parsnip 

Incongruent promotion 

20 They had to declare bankruptcy at the firm High Ambiguity business 

20 They had to declare bankruptcy at the 

company 

Low Ambiguity business 

20 They had to declare bankruptcy at the 

sellotape 

Incongruent business 

21 The sportsman celebrated his winning bowl High Ambiguity victory 

21 The sportsman celebrated his winning throw Low Ambiguity victory 

21 The sportsman celebrated his winning igloo Incongruent victory 
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22 The football team did a number of drills High Ambiguity sport 

22 The football team did a number of warmups Low Ambiguity sport 

22 The football team did a number of napkins Incongruent sport 

23 His audacity knew no bounds, speaking to the 

CEO with such cheek 

High Ambiguity character 

23 His audacity knew no bounds, speaking to the 

CEO with such rudeness 

Low Ambiguity character 

23 His audacity knew no bounds, speaking to the 

CEO with such cotton 

Incongruent character 

24 The rebels amassed a significant stockpile of 

arms 

High Ambiguity revolution 

24 The rebels amassed a significant stockpile of 

weapons 

Low Ambiguity revolution 

24 The rebels amassed a significant stockpile of 

soup 

Incongruent revolution 

25 The government decided to impose a strict 

cap 

High Ambiguity law 

25 The government decided to impose a strict 

limit 

Low Ambiguity law 

25 The government decided to impose a strict 

earplug 

Incongruent law 

26 She dazzled the crowd with a lively dance, 

finishing on a perfect tap 

High Ambiguity performance 

26 She dazzled the crowd with a lively dance, 

finishing on a perfect pirouette 

Low Ambiguity performance 

26 She dazzled the crowd with a lively dance, 

finishing on a perfect bee 

Incongruent performance 

27 She turned off the alarm using the designated 

button 

High Ambiguity alert 

27 She turned off the alarm using the designated 

switch 

Low Ambiguity alert 

27 She turned off the alarm using the designated 

rainbow 

Incongruent alert 
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28 She was thrilled to get an autograph from the 

star 

High Ambiguity idol 

28 She was thrilled to get an autograph from the 

celebrity 

Low Ambiguity idol 

28 She was thrilled to get an autograph from the 

shadow 

Incongruent idol 

29 They set up their picnic under the tall ash High Ambiguity tree 

29 They set up their picnic under the tall oak Low Ambiguity tree 

29 They set up their picnic under the tall biscuit Incongruent tree 

30 She stayed home from work because she had 

a cold 

High Ambiguity illness 

30 She stayed home from work because she had 

a fever 

Low Ambiguity illness 

30 She stayed home from work because she had 

a canyon 

Incongruent illness 

31 He navigated the screen with his mouse High Ambiguity computer 

31 He navigated the screen with his cursor Low Ambiguity computer 

31 He navigated the screen with his blanket Incongruent computer 

32 The team celebrated their victory with the 

coach 

High Ambiguity win 

32 The team celebrated their victory with the 

manager 

Low Ambiguity win 

32 The team celebrated their victory with the 

mushroom 

Incongruent win 

33 She struggled to remember the last letter High Ambiguity memory 

33 She struggled to remember the last digit Low Ambiguity memory 

33 She struggled to remember the last potato Incongruent memory 

34 She shut the blind High Ambiguity close 

34 She shut the curtain Low Ambiguity close 

34 She shut the poem Incongruent close 

35 The song ended with a repetition of the final 

notes 

High Ambiguity melody 
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35 The song ended with a repetition of the final 

chorus 

Low Ambiguity melody 

35 The song ended with a repetition of the final 

bottle 

Incongruent melody 

36 As the sun set, the air was filled with the 

chirping of a cricket 

High Ambiguity sound 

36 As the sun set, the air was filled with the 

chirping of a bird 

Low Ambiguity sound 

36 As the sun set, the air was filled with the 

chirping of a lemon 

Incongruent sound 

37 Despite their different backgrounds, they 

belonged to the same race 

High Ambiguity common 

37 Despite their different backgrounds, they 

belonged to the same nationality 

Low Ambiguity common 

37 Despite their different backgrounds, they 

belonged to the same rabbit 

Incongruent common 

38 The farm specialized in breeding a unique 

strain 

High Ambiguity lineage 

38 The farm specialized in breeding a unique 

variety 

Low Ambiguity lineage 

38 The farm specialized in breeding a unique 

fork 

Incongruent lineage 

39 Her work was absolutely ace High Ambiguity assessment 

39 Her work was absolutely fantastic Low Ambiguity assessment 

39 Her work was absolutely subterranean Incongruent assessment 

40 The factory shut down due to a sudden strike High Ambiguity mutiny 

40 The factory shut down due to a sudden 

incident 

Low Ambiguity mutiny 

40 The factory shut down due to a sudden fabric Incongruent mutiny 

41 The nun was wearing a habit High Ambiguity clothes 

41 The nun was wearing a dress Low Ambiguity clothes 

41 The nun was wearing a clementine Incongruent clothes 
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42 He raised his glass and took a sip of the 

refreshing punch 

High Ambiguity liquid 

42 He raised his glass and took a sip of the 

refreshing beverage 

Low Ambiguity liquid 

42 He raised his glass and took a sip of the 

refreshing taxi 

Incongruent liquid 

43 The hikers packed their essential gear High Ambiguity equipment 

43 The hikers packed their essential items Low Ambiguity equipment 

43 The hikers packed their essential floor Incongruent equipment 

44 He carefully pressed the substance into the 

mould 

High Ambiguity form 

44 He carefully pressed the substance into the 

shape 

Low Ambiguity form 

44 He carefully pressed the substance into the 

dream 

Incongruent form 

45 As he hiked up the mountain, he leaned on the 

sturdy staff 

High Ambiguity crutch 

45 As he hiked up the mountain, he leaned on the 

sturdy cane 

Low Ambiguity crutch 

45 As he hiked up the mountain, he leaned on the 

sturdy snowflake 

Incongruent crutch 

46 She marvelled at the intricate patterns on the 

lizard's scale 

High Ambiguity reptile 

46 She marvelled at the intricate patterns on the 

lizard's skin 

Low Ambiguity reptile 

46 She marvelled at the intricate patterns on the 

lizard's cupboard 

Incongruent reptile 

47 The prime minister sought counsel from his 

cabinet 

High Ambiguity input 

47 The prime minister sought counsel from his 

advisors 

Low Ambiguity input 

47 The prime minister sought counsel from his 

hairbrush 

Incongruent input 
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48 She paused briefly at the bottom of the stairs 

before crossing the landing 

High Ambiguity floor 

48 She paused briefly at the bottom of the stairs 

before crossing the hallway 

Low Ambiguity floor 

48 She paused briefly at the bottom of the stairs 

before crossing the spoon 

Incongruent floor 

49 The bank informed him about the new interest High Ambiguity dividend 

49 The bank informed him about the new 

payment 

Low Ambiguity dividend 

49 The bank informed him about the new 

pudding 

Incongruent dividend 

50 The professor handed out the syllabus with an 

extensive appendix 

High Ambiguity supplement 

50 The professor handed out the syllabus with an 

extensive bibliography 

Low Ambiguity supplement 

50 The professor handed out the syllabus with an 

extensive camera 

Incongruent supplement 

51 He tried to get the paper to stick High Ambiguity crafts 

51 He tried to get the paper to adhere Low Ambiguity crafts 

51 He tried to get the paper to serenade Incongruent crafts 

52 His habit of interrupting others was starting to 

bug 

High Ambiguity talk 

52 His habit of interrupting others was starting to 

annoy 

Low Ambiguity talk 

52 His habit of interrupting others was starting to 

liquidise 

Incongruent talk 

53 She was thrilled to meet her fan High Ambiguity excitement 

53 She was thrilled to meet her admirer Low Ambiguity excitement 

53 She was thrilled to meet her oven Incongruent excitement 

54 Everyone sought the advice of the old sage High Ambiguity guru 

54 Everyone sought the advice of the old mystic Low Ambiguity guru 

54 Everyone sought the advice of the old trolley Incongruent guru 
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55 He stopped running because he developed a 

stitch 

High Ambiguity twinge 

55 He stopped running because he developed a 

pain 

Low Ambiguity twinge 

55 He stopped running because he developed a 

tomato 

Incongruent twinge 

56 The activists joined forces to create a 

powerful lobby 

High Ambiguity protest 

56 The activists joined forces to create a 

powerful alliance 

Low Ambiguity protest 

56 The activists joined forces to create a 

powerful meadow 

Incongruent protest 

57 The safari guide pointed towards a small pride High Ambiguity lion 

57 The safari guide pointed towards a small herd Low Ambiguity lion 

57 The safari guide pointed towards a small 

hiccup 

Incongruent lion 

58 She massaged the cramp out of her calf High Ambiguity body 

58 She massaged the cramp out of her leg Low Ambiguity body 

58 She massaged the cramp out of her carousel Incongruent body 

59 After a few minutes, she finally found a space 

to park 

High Ambiguity search 

59 After a few minutes, she finally found a space 

to wait 

Low Ambiguity search 

59 After a few minutes, she finally found a space 

to synchronise 

Incongruent search 

60 He wiped the sweat from his temple High Ambiguity wet 

60 He wiped the sweat from his forehead Low Ambiguity wet 

60 He wiped the sweat from his mountain Incongruent wet 

61 The lawyer prepared her arguments for the 

upcoming case 

High Ambiguity legal 

61 The lawyer prepared her arguments for the 

upcoming prosecution 

Low Ambiguity legal 
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61 The lawyer prepared her arguments for the 

upcoming bicycle 

Incongruent legal 

62 The stadium erupted with cheers as their team 

won the match 

High Ambiguity celebration 

62 The stadium erupted with cheers as their team 

won the game 

Low Ambiguity celebration 

62 The stadium erupted with cheers as their team 

won the river 

Incongruent celebration 

63 The prairie animals often formed a pack High Ambiguity savanna 

63 The prairie animals often formed a group Low Ambiguity savanna 

63 The prairie animals often formed a guitar Incongruent savanna 

64 In the distance, they saw a bright bolt High Ambiguity lightning 

64 In the distance, they saw a bright flash Low Ambiguity lightning 

64 In the distance, they saw a bright lettuce Incongruent lightning 

65 She highlighted the important points in the 

passage 

High Ambiguity emphasis 

65 She highlighted the important points in the 

paragraph 

Low Ambiguity emphasis 

65 She highlighted the important points in the 

beet 

Incongruent emphasis 

66 The mattress had a good spring High Ambiguity sleep 

66 The mattress had a good interior Low Ambiguity sleep 

66 The mattress had a good rainbow Incongruent sleep 

67 He aimed carefully before striking the ball 

with the club 

High Ambiguity hit 

67 He aimed carefully before striking the ball 

with the racquet 

Low Ambiguity hit 

67 He aimed carefully before striking the ball 

with the lighthouse 

Incongruent hit 

68 He enjoyed watching the funny clip High Ambiguity humour 

68 He enjoyed watching the funny video Low Ambiguity humour 

68 He enjoyed watching the funny backpack Incongruent humour 

69 She tossed the empty can into the skip High Ambiguity throw 
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69 She tossed the empty can into the trash Low Ambiguity throw 

69 She tossed the empty can into the adventure Incongruent throw 

70 He wanted to smoke so he carefully rolled his 

joint 

High Ambiguity lung 

70 He wanted to smoke so he carefully rolled his 

cigarette 

Low Ambiguity lung 

70 He wanted to smoke so he carefully rolled his 

bookshelf 

Incongruent lung 

71 The hostess was pleased with her high mark High Ambiguity proud 

71 The hostess was pleased with her high rating Low Ambiguity proud 

71 The hostess was pleased with her high tiger Incongruent proud 

72 The architect presented the new building 

model 

High Ambiguity construction 

72 The architect presented the new building 

design 

Low Ambiguity construction 

72 The architect presented the new building 

coconut 

Incongruent construction 

73 The accountant calculated the final figure High Ambiguity finance 

73 The accountant calculated the final amount Low Ambiguity finance 

73 The accountant calculated the final seashell Incongruent finance 

74 The carpenter admired the wood's grain High Ambiguity material 

74 The carpenter admired the wood's quality Low Ambiguity material 

74 The carpenter admired the wood's hammock Incongruent material 

75 She appreciated his helpful tip High Ambiguity useful 

75 She appreciated his helpful advice Low Ambiguity useful 

75 She appreciated his helpful quasar Incongruent useful 

76 The undercover agent was revealed to be a 

mole 

High Ambiguity secret 

76 The undercover agent was revealed to be a 

spy 

Low Ambiguity secret 

76 The undercover agent was revealed to be a 

parachute 

Incongruent secret 
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77 She analysed the data and created a detailed 

plot 

High Ambiguity method 

77 She analysed the data and created a detailed 

graph 

Low Ambiguity method 

77 She analysed the data and created a detailed 

kangaroo 

Incongruent method 

78 She treated her nails with her file High Ambiguity finger 

78 She treated her nails with her scissors Low Ambiguity finger 

78 She treated her nails with her tornado Incongruent finger 

79 After the accident, his car was in a terrible 

state 

High Ambiguity crash 

79 After the accident, his car was in a terrible 

condition 

Low Ambiguity crash 

79 After the accident, his car was in a terrible 

symphony 

Incongruent crash 

80 He recorded the hours he worked in his 

personal log 

High Ambiguity notebook 

80 He recorded the hours he worked in his 

personal diary 

Low Ambiguity notebook 

80 He recorded the hours he worked in his 

personal marshmallow 

Incongruent notebook 

81 The farm had very good stock High Ambiguity ranch 

81 The farm had very good animals Low Ambiguity ranch 

81 The farm had very good luminance Incongruent ranch 

82 He stirred the embers with the metal poker High Ambiguity fire 

82 He stirred the embers with the metal rod Low Ambiguity fire 

82 He stirred the embers with the metal owl Incongruent fire 

83 She snacked on a handful of sweet dates High Ambiguity eat 

83 She snacked on a handful of sweet figs Low Ambiguity eat 

83 She snacked on a handful of sweet oceans Incongruent eat 

84 She carried the package which was very light High Ambiguity parcel 

84 She carried the package which was very small Low Ambiguity parcel 
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84 She carried the package which was very 

jubilant 

Incongruent parcel 

F1 He tried to take a photo of the waterfall Filler fork 

F2 She could barely see her hand stretched out in 

front of her through the fog 

Filler bottle 

F3 The feast was laid out in the grandest room of 

the palace 

Filler notebook 

F4 The child's favourite TV show character was a 

friendly octopus 

Filler car 

F5 Her French vocabulary was limited so she 

often needed to look up the meanings of 

words 

Filler lake 

F6 They tip-toed into the dark cave and jumped 

when something flew out over their heads 

Filler laptop 

F7 He watched the children putting their 

favourite decorations on the tree while his 

wife prepared the roast dinner 

Filler formula 

F8 Today, his homework is to calculate the 

circumference given the diameter 

Filler leaf 

F9 She felt uncomfortable and sneezed after she 

stepped into the room covered with dust 

Filler charger 

F10 Some employers are in trouble for paying a 

lower wage than is legally required 

Filler weather 

F11 The eagle collected many twigs over the 

highest branch of the big tree to prepare for a 

comfortable and safe home 

Filler spreadsheet 

F12 A full-grown elephant can weigh over 6000 

kilograms 

Filler pencil 

F13 Germs are invisible to the naked eye but can 

be observed in the lab 

Filler piano 

F14 He was shaking and his eyes were wide as if 

he had seen a ghost 

Filler wine 
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F15 Bob was worried about his heart, and he 

altered his lifestyle accordingly. 

Filler penguin 

F16 Dinosaurs first appeared during the Triassic 

period, between 243 and 233 million years 

ago 

Filler violin 

F17 As editor of the daily paper, he assigns 

reporters to investigate interesting events 

Filler apple 

F18 They were worried about the consequences of 

smoking so much on his lung health 

Filler phone 

F19 The small denizens of the wilderness hardly 

took pains to move out of her path 

Filler keyboard 

F20 The necklace sold for so much because of the 

flawless diamond at its centre 

Filler diary 

F21 All the information about the battle was given 

in the textbook 

Filler elephant 

F22 The woman carefully put the bottle she had 

bought into the fridge 

Filler lawn 

F23 Sally inspected the bricks and noticed that 

some of them were wet 

Filler clock 

F24 The couple thought that the builder of the 

cottage was very arrogant 

Filler moon 

F25 The schoolgirl had forgotten which clothes 

she was supposed to wash 

Filler dog 

F26 Simon waited for the end but it wasn't what he 

had predicted 

Filler dictionary 

F27 The woman saw the fox and thought that it 

looked very timid 

Filler napkin 

F28 When Tom looked at the hotel he saw that it 

contained several restaurants 

Filler education 

F29 The manager knew that the juice he had 

ordered would be enjoyable 

Filler rent 

F30 The article on the king included a picture and 

lots of facts 

Filler tissue 
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F31 The man hoped that the new leaflet would be 

a lot more informative 

Filler shrub 

F32 The little boy had some paper in his bag that 

he was going to cut 

Filler tea 

F33 Anne began to make the rice with the help of 

an old recipe 

Filler wire 

F34 It was a larger rug than the one Jill had seen in 

the auction 

Filler lizard 

F35 The young man handled the snake carefully 

because he knew it was deadly 

Filler radiator 

F36 When Peter checked the soap, he observed 

that it was dirty 

Filler table 

F37 The girl hoped that her sobs would be noticed 

by the soldier 

Filler flask 

F38 The expert examined the stove and knew it 

would take a while to heat 

Filler bird 

F39 The man discovered that the swan he had 

found was endangered 

Filler junction 

F40 The report stated that the town needed to have 

a lot more tourists 

Filler donkey 

 

Note. Each probe word listed in this table appears after the corresponding sentence in the 

exposure phase as part of the relatedness judgement task (see Methods for details). 
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Appendix C – Stimuli for Chapter 3 (EEG Study) 

Table C.1 

The complete stimulus set used in the MEG study (Chapter 4) 

Item Sentence Type 

Ambiguous 

Target 

Word 

Probe 

Word 

Dominance 

Rating 

1 Her work was absolutely ace Prime ace assessment 0.076 

2 The professor handed out the 

syllabus with an extensive 

appendix 

Prime appendix supplement 0.241 

3 The rebels amassed a 

significant stockpile of arms 

Prime arms revolution 0.120 

4 He tried to complete the 

phrase with the correct 

German article 

Prime article grammar 0 

5 They set up their picnic under 

the tall ash 

Prime ash tree 0.095 

6 The princess was escorted to 

the ball 

Prime ball dance 0.084 

7 She tied her hair back with a 

simple black band 

Prime band ribbon 0.129 

8 The old man swam towards 

the bank 

Prime bank water 0.043 

9 Hearing the good news made 

her beam 

Prime beam smile 0.045 

10 There were weeds growing in 

the bed 

Prime bed nature 0 

11 The room remained dimly lit, 

shielded by the blind 

Prime blind close 0.142 

12 The final decision was made 

by the board 

Prime board govern 0.063 
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13 In the distance, they saw a 

bright bolt 

Prime bolt lightning 0.190 

14 The sportsman celebrated his 

winning bowl 

Prime bowl victory 0.101 

15 After the recent incident, he 

was glad he knew how to box 

Prime box skill 0.077 

16 She worked her way up and 

was soon leading her local 

branch 

Prime branch promotion 0.090 

17 They spent the afternoon 

inside playing bridge 

Prime bridge game 0.056 

18 His habit of interrupting others 

was starting to bug 

Prime bug talk 0.092 

19 It was a wonderfully sunny 

day when she planted the bulb 

Prime bulb tulip 0.304 

20 She turned off the alarm by 

pressing the button 

Prime button alert 0.092 

21 The prime minister sought 

counsel from his cabinet 

Prime cabinet input 0.229 

22 She massaged the cramp out of 

her calf 

Prime calf body 0.283 

23 The government decided to 

impose a strict cap 

Prime cap law 0.061 

24 They sailed along the shore 

until they had navigated 

around the cape 

Prime cape coast 0.028 

25 The lawyer prepared her 

arguments for the upcoming 

case 

Prime case legal 0.234 

26 The final is played on the main 

court 

Prime court tennis 0.065 

27 She was asked if she carried 

some change 

Prime change money 0.326 
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28 His audacity knew no bounds, 

speaking to the CEO with such 

cheek 

Prime cheek character 0.107 

29 He upgraded his computer 

with a new graphics chip 

Prime chip tech 0.152 

30 He enjoyed watching the 

funny clip 

Prime clip humour 0.207 

31 He aimed carefully before 

striking the ball with the club 

Prime club hit 0.260 

32 The team celebrated their 

victory with the coach 

Prime coach win 0.114 

33 She stayed home from work 

because she had a cold 

Prime cold illness 0.131 

34 The bottom part of his foot 

was covered in corns 

Prime corn sole 0.019 

35 As the sun set, the air was 

filled with the chirping of a 

cricket 

Prime cricket sound 0.140 

36 The tennis player was thrilled 

to win the cup 

Prime cup trophy 0.034 

37 He was interested in 

astronomy, so he studied the 

moon's cycle 

Prime cycle universe 0.071 

38 She snacked on a handful of 

sweet dates 

Prime dates eat 0.1 

39 The football team did a 

number of drills 

Prime drills sport 0.105 

40 She was thrilled to meet her 

biggest fan 

Prime fan excitement 0.262 

41 He was a fan of sword sports, 

so he wanted to learn how to 

fence 

Prime fence lesson 0.039 
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42 The accountant calculated the 

final figure 

Prime figure finance 0.137 

43 She treated her nails with her 

file 

Prime file finger 0.193 

44 The substance had developed a 

protective film 

Prime film coating 0.044 

45 They had to declare 

bankruptcy at the firm 

Prime firm business 0.091 

46 The hero's swift actions caused 

the villain's plot to foil 

Prime foil prevent 0.135 

47 The hikers packed their 

essential gear 

Prime gear equipment 0.171 

48 She poured the champagne 

into the glasses 

Prime glasses drinks 0.068 

49 Before eating, the family held 

hands and said their grace 

Prime grace prayer 0.214 

50 The carpenter admired the 

wood's fine grain 

Prime grain material 0.029 

51 The nun was wearing a simple 

habit 

Prime habit clothes 0.2 

52 The clock didn't give the time 

because it had a broken hand 

Prime hand indicator 0.008 

53 Solving the puzzle was very 

hard 

Prime hard challenge 0.071 

54 The bank informed him about 

the new interest 

Prime interest dividend 0.239 

55 He wanted to smoke so he 

carefully rolled his joint 

Prime joint lung 0.160 

56 She paused briefly at the 

bottom of the stairs before 

crossing the landing 

Prime landing floor 0.233 

57 She struggled to remember the 

last letter 

Prime letter memory 0.137 
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58 She carried the package which 

was very light 

Prime light parcel 0.083 

59 The activists joined forces to 

create a powerful lobby 

Prime lobby protest 0.274 

60 He recorded the hours he 

worked in his personal log 

Prime log notebook 0.151 

61 The hostess was pleased with 

her high mark 

Prime mark proud 0.263 

62 The stadium erupted with 

cheers as their team won the 

match 

Prime match celebration 0.269 

63 The architect presented the 

new building model 

Prime model construction 0.023 

64 The undercover agent was 

revealed to be a mole 

Prime mole secret 0.088 

65 She carefully pressed the clay 

into the mould 

Prime mould form 0.21 

66 He navigated the screen with 

his mouse 

Prime mouse computer 0.131 

67 The song ended with a 

repetition of the final notes 

Prime note melody 0.123 

68 The prairie animals often 

formed a pack 

Prime pack savanna 0.191 

69 After a few minutes, she 

finally found a space to park 

Prime park search 0.289 

70 The most recent opinion polls 

did not favour the current 

party 

Prime party politics 0.009 

71 She highlighted the important 

points in the passage 

Prime passage emphasis 0.173 

72 The pigs were frolicking in the 

muddy pen 

Prime pen enclosure 0.031 
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73 They prepared for a long day 

of work at the plant 

Prime plant labour 0.021 

74 She analysed the data and 

created a detailed plot 

Prime plot figure 0.095 

75 He stirred the embers with the 

metal poker 

Prime poker fire 0.101 

76 The safari guide pointed 

towards a small pride 

Prime pride lion 0.277 

77 He raised his glass and took a 

sip of the refreshing punch 

Prime punch liquid 0.111 

78 Despite their different 

backgrounds, they belonged to 

the same race 

Prime race common 0.149 

79 Everyone sought the advice of 

the old sage 

Prime sage guru 0.256 

80 She marvelled at the intricate 

patterns on the lizard's scale 

Prime scale reptile 0.15 

81 The journalist was thrilled to 

break the biggest scoop 

Prime scoop news 0.136 

82 The jury handed down the 

final sentence 

Prime sentence guilty 0.138 

83 Her father was a regional 

manager at Shell 

Prime shell company 0.042 

84 She tossed the empty can into 

the skip 

Prime skip throw 0.276 

85 The mattress had a durable 

spring 

Prime spring sleep 0.286 

86 As he hiked up the mountain, 

he leaned on the sturdy staff 

Prime staff crutch 0.209 

87 She was thrilled to get an 

autograph from the star 

Prime star idol 0.060 

88 After the accident, his car was 

in a terrible state 

Prime state crash 0.177 
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89 It was only after applying glue 

that she got the paper to stick 

Prime stick crafts 0.25 

90 He stopped running because of 

a sharp stitch 

Prime stitch twinge 0.218 

91 The rancher raised various 

breeds of farm stock 

Prime stock ranch 0.132 

92 The farm specialized in 

breeding a unique strain 

Prime strain lineage 0.097 

93 The factory shut down due to a 

sudden strike 

Prime strike mutiny 0.180 

94 The secretary emailed to ask 

what arrangement would best 

suit 

Prime suit convenient 0.025 

95 She dazzled the crowd with a 

lively dance, finishing on a 

perfect tap 

Prime tap performance 0.054 

96 He wiped the sweat from his 

temple 

Prime temple wet 0.288 

97 He appreciated the teacher's 

helpful tip 

Prime tip useful 0.063 

98 The host was asked to make a 

toast 

Prime toast guests 0.049 

99 He covered the pan with its 

matching top 

Prime top lid 0.04 

100 All that college athletes do 

most days is workout and train 

Prime train basketball 0.077 

101 He tried to take a photo of the 

waterfall 

Filler N/A fork N/A 

102 She could barely see her hand 

stretched out in front of her 

through the fog 

Filler N/A bottle N/A 

103 The feast was laid out in the 

grandest room of the palace 

Filler N/A notebook N/A 
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104 The child's favourite TV show 

character was a friendly 

octopus 

Filler N/A car N/A 

105 Her French vocabulary was 

limited so she often needed to 

look up the meanings of words 

Filler N/A lake N/A 

106 They tip-toed into the dark 

cave and jumped when 

something flew out over their 

heads 

Filler N/A laptop N/A 

107 He watched the children 

putting their favourite 

decorations on the tree while 

his wife prepared the roast 

dinner 

Filler N/A formula N/A 

108 Today, his homework is to 

calculate the circumference 

given the diameter 

Filler N/A leaf N/A 

109 She felt uncomfortable and 

sneezed after she stepped into 

the room covered with dust 

Filler N/A charger N/A 

110 Some employers are in trouble 

for paying a lower wage than 

is legally required 

Filler N/A weather N/A 

111 The eagle collected many 

twigs over the highest branch 

of the big tree to prepare for a 

comfortable and safe home 

Filler N/A spreadsheet N/A 

112 A full-grown elephant can 

weigh over 6000 kilograms 

Filler N/A pencil N/A 

113 Germs are invisible to the 

naked eye but can be observed 

in the lab 

Filler N/A piano N/A 
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114 He was shaking and his eyes 

were wide as if he had seen a 

ghost 

Filler N/A wine N/A 

115 Bob was worried about his 

heart, and he altered his 

lifestyle accordingly. 

Filler N/A penguin N/A 

116 Dinosaurs first appeared 

during the Triassic period, 

between 243 and 233 million 

years ago 

Filler N/A violin N/A 

117 As editor of the daily paper, he 

assigns reporters to investigate 

interesting events 

Filler N/A apple N/A 

118 They were worried about the 

consequences of smoking so 

much on his lung health 

Filler N/A phone N/A 

119 The small denizens of the 

wilderness hardly took pains to 

move out of her path 

Filler N/A keyboard N/A 

120 The necklace sold for so much 

because of the flawless 

diamond at its centre 

Filler N/A diary N/A 

 

Note. Each probe word listed in this table appears after the corresponding sentence in the 

exposure phase as part of the relatedness judgement task (see Methods for details.) The 

dominance ratings for the critical (prime) words are taken from a large database of 

dominance ratings for ambiguous words compiled by Gilbert and Rodd (2022). 


