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Abstract 

 

For most adults, understanding the meaning of words and sentences seems like an 

easy task. However, misinterpretations are common. More than 80% of common 

English words have more than one meaning – even the word “abstract” is ambiguous. 

The pervasiveness of ambiguity means that selecting appropriate word meanings is 

a fundamental skill for readers. But what happens when the language processing 

system selects the wrong meaning? 

 

Sentences like “The plant had been difficult to build” lead readers down a 

metaphorical “garden path” in interpretation: because they are likely to initially select 

the meaning of “plant” that first comes to mind (“botanical organism”), readers need 

to initiate appropriate reinterpretation processes once they realise that this meaning 

is not compatible with “build”. This thesis addresses two gaps in the literature on the 

recovery from such misinterpretations: Are the processing costs that comprehenders 

experience when they need to reinterpret a sentence consistent across a) tasks or 

stimulus presentation formats with different processing demands, and b) individuals? 

 

Results from the present thesis revealed that readers initiated reinterpretation 

procedures at an earlier point during processing when an explicit task required them 

to understand the sentence in detail (Chapter 4). Additionally, reinterpretation costs 

to brain responses were found to be exaggerated in a visual word-by-word 

presentation format compared with listening or whole-sentence reading (Chapter 5). 

Individual differences investigations showed that readers with greater vocabulary 

knowledge tended to be more sensitive to errors in processing, and able to adapt their 

reading behaviour on-line (Chapters 2 and 3). These findings support theories that 

view language experience and the development of robust knowledge structures as 
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central to language processing, and highlight the importance for both theorists and 

experimentalists to carefully consider the influence of task-related and format-related 

processing demands on processing behaviour and comprehension.  
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Impact Statement 

 

This thesis makes valuable theoretical contributions to the field of psycholinguistics. 

In agreement with the literature on garden-path sentences, the five experiments 

reported in this thesis found that the recovery from garden-paths is associated with 

processing costs to reading times, and that readers do not always engage in such 

costly reinterpretation processes. Importantly, the processing costs for garden-paths 

varied across task and sentence presentation formats with different processing 

demands. Theories of language processing therefore need to take into account the 

effects of reading goals, and task- and format-specific processing demands on both 

on-line sentence processing and comprehension. Another main finding from the 

present experiments was that the processing costs for garden-paths were variable 

across individuals. The present thesis therefore highlights the importance for theories 

of language processing to take into account differences even between skilled adult 

comprehenders.  

 

The experiments reported in the present thesis provide a thorough 

examination of the processing costs associated with the recovery from 

misinterpretations, using data from 527 participants in total, and five different 

methodological approaches (comprehension accuracy and response time in a 

behavioural task, eye-tracking, self-paced reading, and neuroimaging). This thesis 

therefore makes an important methodological contribution to psycholinguistics by 

investigating variations in processing costs associated with task- and format-related 

processing demands and individual differences using a triangulation method. 

Additionally, the thesis complies with recent developments in psychological sciences 

that support the sharing of data, replicability of studies, and transparency in research 

and analysis methods by making available the data and analysis code for all 
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experiments on the Open Science Framework (https://osf.io/g5bhv/). Importantly, 

statistical analyses in this thesis also relied on sample sizes that were considerably 

larger than those traditionally recommended for studies in psychology and language 

sciences, thereby avoiding Type I errors and maximising statistical power.  

 

Finally, the results from the present experiments may have important 

implications for practitioners in education, and the clinical management of 

developmental and acquired language comprehension difficulties. As vocabulary 

knowledge was found to be a particularly important contributor to on-line processing 

and comprehension of garden-path sentences, the results from the present 

experiments can also serve as a starting point for further investigations into the 

specific role of lexical knowledge in different aspects of language processing, and the 

mechanisms driving this influence. This line of research may eventually be used to 

inform interventions to improve comprehension ability and the recovery from 

misinterpretations during online processing in individuals with comprehension 

difficulties, and beginning readers.   

https://osf.io/g5bhv/
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Two men walk into a bar.  
You would’ve thought that one of them would’ve ducked.  

 
- Bob Mortimer 

 

 

For most of us, language comprehension is a deceptively simple task. We encounter 

examples of spoken and written language every day: from the first “Good morning!” 

and reading the newspaper, to interactions with colleagues and catching up with work 

email, to the latest social media post, to dinner conversations with friends and family, 

to reading the next chapter in the novel on our bedside table. Because we interact 

with linguistic stimuli every day, we often take the complexity of the task for granted. 

In fact, understanding language involves complicated cognitive and neural processes: 

as you are reading this sentence, you need to recognise the visual form of each 

printed word, access its meaning, combine it with the other word meanings in the 

sentence, and integrate the whole into a reasonable representation of what the author 

is trying to communicate.  

 

Language comprehension relies on incremental processing; we do not wait 

until we have taken in the entire clause or sentence before we start accessing word 

meanings, combining them, and building up a representation of sentence structure. 

Instead, we use whatever information is available to us at any one moment in time, 

and integrate word meanings as we go (e.g. Just & Carpenter, 1980; Marslen-Wilson, 

1973, 1975; Traxler & Pickering, 1996; Tyler & Marslen-Wilson, 1977). This 

incrementality is advantageous for rapid comprehension but also comes at a price: 

1. Introduction 
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sometimes, the processing system will get it wrong. As is the case with Bob Mortimer’s 

joke above, sometimes, we make mistakes in interpretation.  

 

The joke at the top of the page works because of the incrementality of the 

language processing system. As you process the first sentence, you establish a 

sentence-level meaning representation based on your expectations of joke structure, 

and your experience with the word “bar”. You will most likely have interpreted this 

sentence as “two men are entering an establishment that serves alcohol”. However, 

by the end of the second sentence it becomes clear that your initial interpretation was 

incorrect – the men actually hit a straight piece of wood or metal. 

 

Misinterpretations like this example are used for puns and jokes, and might 

therefore seem like an exceptional quirk of the English language. However, 

misinterpretations during language processing are more common than one might 

think. Words like “bar”, which have multiple potential meanings, are the norm rather 

than the exception in English; according to one estimate, more than 80% of commonly 

used English words have more than one dictionary definition (Rodd, Gaskell, & 

Marslen-Wilson, 2002). In fact, it could even be argued that all words carry uncertainty 

about their meanings to some extent. For example, the semantic associations you 

make when I mention “the piano” may vary according to the context: when I am talking 

about moving house, you might think about the weight and bulkiness of the object, 

but when I am talking about a song I listened to, you might think about the sound a 

piano makes (see Casasanto and Lupyan (2015) for an illuminating discussion of the 

ad-hoc nature of concepts). The phenomenon of a spoken or visual word-form being 

associated with more than one meaning representation is called lexical or semantic 

ambiguity (see e.g. Rodd, 2017 for an overview). For example, depending on the 

context, even the word form “thesis” can refer either to a long piece of writing or to a 

main idea or theory.   
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Ambiguity is pervasive. For example, the Metro newspaper from Tuesday, 3rd 

September 2019, reported “Bouncer Killing Trial Jury Fail to Reach Verdict” – nearly 

impossible to parse until you read the news story about the trial of a defendant 

accused of killing a bouncer. Newspaper headlines can famously result in amusing 

misinterpretations, as in “Squad Helps Dog Bite Victim” or “Red Tape Holds Up New 

Bridge”, both of which have even made it onto the title of two books specifically about 

humorous headlines (Cooper, 1980, 1987). Again, the source of the 

misunderstanding lies in linguistic ambiguity: Do you need to interpret the word “bite” 

as a verb (leading to the interpretation that the squad was aiding a dog in the biting 

of its victim, as in [Squad Helps Dog [Bite Victim]]), or do you need to interpret it as a 

noun and therefore part of a compound describing the victim as the sufferer of a bite 

from a dog (as in [Squad Helps [[Dog Bite] Victim]])?  Similarly, is the new bridge 

literally being supported only by red-coloured tape rather than a more solid material, 

or is the building of the bridge being slowed down by metaphorical legal “red tape”? 

In both cases, comprehenders are faced with having to choose between two possible 

interpretations. 

 

To avoid misunderstandings, a fundamental component of language 

comprehension skill is the ability to select the appropriate meanings of ambiguous 

words, to detect when an inappropriate meaning has been selected, and to recover 

quickly from such a mis-selection. Research in experimental psychology and 

psycholinguistics has provided us with a reasonable understanding of how 

comprehenders use contextual cues to process ambiguous sentences. However, we 

do not yet know a lot about what the processes related to the detection of and recovery 

from misinterpretations. This thesis investigates text- and reader-related factors that 

affect these processes and their ultimate success.  
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1. Garden-path sentences 

 

Misinterpretations can be very predictable. For example, sentences such as the 

example in Figure 1.1 – a classic for psycholinguists – reliably lead comprehenders 

down a metaphorical “garden path” in their interpretation (Bever, 1970; illustration in 

Figure 1.1 inspired by Lewis, 1998). The sentence is difficult to understand because 

comprehenders are likely to misanalyse its sentence structure, and encounter 

processing difficulty when the meanings they have assigned to the individual words 

cannot be integrated into a well-formed phrase (Foss & Jenkins, 1973). 

 

 

In this sentence, the word “raced” is ambiguous; although it is usually 

encountered as a past-tense inflected main verb (leading to the interpretation that the 

horse was doing the racing), it can also be a past participle (leading to the 

interpretation that the horse was being raced). Because of this ambiguity, reading the 

sentence may have caused you to stumble at the final word “fell”. Here, at the point 

of disambiguation, it becomes clear that “raced” is not in fact a main verb but a past 

participle that introduces a reduced relative clause, with “fell” being the main verb of 

the sentence (“The horse (that was) raced past the barn fell”). Previous research has 

shown that these types of sentences reliably cause misinterpretations (see 3. And 

Figure 1.1 Illustration of garden-path misanalysis. In this example (Bever, 1970), the verb 
“raced” has two possible interpretations. The final word “fell”, however, is only compatible 
with the past participle analysis of “raced” (illustration inspired by Lewis, 1998). 
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back again: How we recover from misinterpretations). Garden-path sentences are 

therefore incredibly useful for researchers interested in reinterpretation processes.  

 

Much of the research that has made use of garden-path sentences has 

focused on syntactic ambiguity, i.e. sentences whose syntactic structure needs to be 

revised to achieve comprehension. Examples of syntactic garden-paths that have 

been used in previous research are listed below. 

 

(1) The woman knitted the scarf for the ceremony waved at the mayor. 

(Christianson, Luke, Hussey, & Wochna, 2017) 

 

(2) As the woman edited the magazine about fishing amused all the 

reporters. (Pickering & Traxler, 1998) 

 

(3) After the bank manager telephoned David’s father grew worried and gave 

himself approximately five days to reply. (Slattery, Sturt, Christianson, 

Yoshida, & Ferreira, 2013) 

 

(4) John borrowed the rake or the shovel turned out to be sufficient. (Weiss, 

Kretzschmar, Schlesewsky, Bornkessel-Schlesewsky, & Staub, 2018) 

 

You will be forgiven if you found Examples (1)-(4) difficult or even impossible 

to understand. The verb “knit” in Example (1) functions as a past participle introducing 

a reduced relative clause (“The woman (who was) knitted the scarf for the ceremony 

waved at the mayor”). However, “knit” occurs in its passive form so rarely that it might 

have taken you a while to resolve the ambiguity. Similarly, Examples (2) and (3) rely 

on the ambiguity of the verb (edited/telephoned) and reduced relative clauses.  

Example (4) is difficult to understand as “[the rake or the shovel]” is initially interpreted 
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as coordinated noun phrases, consistent with the common usage of the conjunction 

“or”. This interpretation then needs to be revised at the disambiguating information 

“turned out”. However, the choice of structure in this example makes both attachment 

options for “the shovel” sound either syntactically anomalous (*[John [borrowed [the 

rake or the shovel]]] [turned out to be sufficient]) or semantically odd ([John [borrowed 

the rake]] [or the shovel turned out to be sufficient]). These examples illustrate how 

syntactic garden-paths constructed for research purposes are often unnatural, and 

that it can even be nearly impossible for comprehenders to recover from their initial 

misinterpretation.  

 

Instead of relying on unusual syntactic structures, researchers may find that 

garden-paths based on lexically ambiguous nouns like “bar” or “plant” can be created 

to sound more natural (see Example (5)). Complex syntactic structures are more likely 

to be encountered in written text, while the different meanings of “plant” are likely to 

be encountered in both written and oral language. What is more, syntactic garden-

paths can be avoided in written text by the use of punctuation (e.g. the addition of a 

comma in “As the woman edited, the magazine about fishing amused all the 

reporters”). In practice, readers may therefore be more likely to encounter a “true” 

garden-path based on semantic rather than syntactic ambiguity. 

 

(5) The plant had been difficult to build. 

 

Similar to the syntactic garden-paths discussed above, Example (5) may be 

difficult to understand due to an initial misinterpretation. It is highly likely that you 

initially interpreted “plant” as a botanical organism (see 2. Down the garden-path: Why 

we misinterpret garden-path sentences). Again, understanding this sentence requires 

reinterpretation. Crucially, in this case, the reinterpretation does not rely on a 

reanalysis of syntactic structure but on the revision of an erroneous selection of a 
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word meaning, and associated word-to-sentence meaning integration (see also 

illustration in Figure 1.2). 

 

 

Figure 1.2 Illustration of semantic garden-path misinterpretation. In this example, the noun 
“plant” has two possible interpretations. The final word “build”, however, is only compatible 
with the “factory” meaning (illustration inspired by Lewis, 1998). Image credit: Painter06 (n.d.); 
Dtbohrer (2008). 

  

Much of the evidence for reading behaviour in garden-path sentences is based 

on syntactic garden-paths, while investigations of sentences that contain lexical-

semantic ambiguity have featured more prominently in research on meaning access 

and selection processes during single-word reading. Although this separation has 

created the impression that syntactic and semantic ambiguity are distinct, it has been 

argued that syntactic ambiguity – just like lexical-semantic ambiguity – ultimately 

relies on the ambiguity of lexical representations (MacDonald, Pearlmutter, & 

Seidenberg, 1994; Trueswell & Tanenhaus, 1994). MacDonald and colleagues (1994) 

offer a thorough dissection of the phenomenon of ambiguity and its different levels 

(e.g. ambiguity of morphology, semantics, argument structure, thematic role structure, 

etc.). For example, “The horse raced past the barn fell” is ambiguous in terms of the 

tense morphology of “raced”, but also in terms of its associated argument structure 

([AGENT] raced vs [AGENT] raced [THEME]). As such, even seemingly simple 

sentences like “The horse raced” or “The jockey raced the horse” carry some 

ambiguity. MacDonald and colleagues (1994) view ambiguity resolution therefore not 

as a special case of sentence processing but as a property of language processing 
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that arises from lexical representations that necessarily contain inherently ambiguous 

information. They argue that both semantic and syntactic ambiguity resolution rely on 

the same type of knowledge structures (based on lexical representations) and 

processing mechanisms. Although the experiments and discussion in this thesis focus 

on the recovery from misinterpretations in semantic garden-path sentences, I treat 

these sentences as a means to investigate reinterpretation processes more generally.   

 

 

2. Down the garden-path: Why we misinterpret garden-

path sentences 

 

To understand why sentences like “The plant had been difficult to build” are likely to 

lead comprehenders down a garden-path of interpretation, it is first necessary to take 

a closer look at how ambiguous words like “plant” are represented and accessed. 

Although there are important differences in representation and processing of words 

with multiple unrelated meanings like “plant” (homonyms), and words with multiple 

related senses like “run” (polysemes; see Rodd et al., 2002, and Rodd, 2017, for an 

overview), the present thesis exclusively deals with homonyms, and I will refer to 

these as “ambiguous words” throughout.   

 

2.1 Representation of ambiguous words 

 

In describing how meanings are represented in the mind, psychologists often use the 

metaphor of a “mental lexicon”. The mental lexicon is conceptualised as an internal 

dictionary in long-term memory that contains phonological, orthographic, syntactic, 

and semantic information about the words of a language. Figure 1.3 represents a 

simplified conceptualisation of the mental lexicon entry for the ambiguous word “plant” 
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(illustration inspired by Figure 2 in Rodd, 2017, and Figure 8.1 in Burke & Shafto, 

2008). 

 

Figure 1.3 Representation of word meanings of the ambiguous word form “plant”. Illustration 
inspired by Figure 2 in Rodd (2017), and Figure 8.1 in Burke and Shafto (2008). Image credit: 
Painter06 (n.d.); Dtbohrer (2008). 

 

There are different conceptualisations of how word meanings are represented 

in the mental lexicon. According to a localist perspective, lexical representations are 

unitary entries, or “nodes”, within the lexicon; the word form “plant” would therefore 

be represented by a single node, associated with separate semantic nodes 

representing its different meanings (e.g. McClelland & Rumelhart, 1981). In contrast, 

the distributed perspective on the mental lexicon provides a more graded view of 

ambiguity. According to this perspective, words are represented via activation 

patterns of feature units; the word form “plant” would be represented by a single 

pattern of activation across form feature units, while each of its meanings would be 

associated with a different pattern of activation across semantic feature units (Rodd 

et al., 2002; Rodd, 2017). Figure 1.2 presents a simplified depiction of the distributed 

perspective on the mental lexicon. For the present discussion, however, the question 
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of whether lexical representations are of a unitary or a distributed nature is not of 

importance. The crucial assumption that both conceptions of the mental lexicon make 

is that during access to the meaning representations of ambiguous words, the 

perceptual input (e.g. the spoken word form /pla:nt/ or /plænt/, or the written word form 

“plant”) can lead to the activation of (patterns of) semantic units associated with either 

the “botanical organism” or the “factory” meaning of the word. For words like “plant”, 

where the alternative meanings are distinct, it is assumed that the pattern of semantic 

feature units that they activate are also distinct from one another (see Rodd et al., 

2002, for a discussion of how overlap in patterns can account for the differences 

between ambiguous words with multiple unrelated meanings and ambiguous words 

with multiple related senses). Although the individual representations, or nodes, in 

this model are only a simplified analogy to the way in which neurons in the brain are 

connected and transmit information, the term “activation” is used here in a sense that 

is closely related to the concept of “neuronal activation”. Upon hearing or reading the 

word form, phonological or orthographic nodes are “activated”, which in turn spread 

activation to associated semantic nodes. They receive an amount of excitation until 

they reach a threshold that allows the meaning representation to be retrieved (e.g. 

Collins & Loftus, 1975). Conceptually, this is similar to the idea of nerve cells firing. 

Activation of a lexical node above an activation threshold triggers retrieval of its 

content; this is what is commonly referred to as “lexical access”. 

 

2.2 Access to ambiguous word meanings 

 

How the lexical system achieves access to the meanings of ambiguous words has 

been a highly contested issue for the past 40 years. While some researchers have 

suggested that we always exhaustively activate all alternative meanings when we 

encounter a word like “plant”, others have argued that the processing system 
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immediately takes the context into account and thus selects only the relevant 

meaning.  

 

The “exhaustive access” view is based on the assumption that both meaning 

representations of “plant” receive the same amount of activation from the perceptual 

input (Onifer & Swinney, 1981). Using a phoneme monitoring task, Foss  and Jenkins 

(1973) found longer response times when target phonemes immediately followed an 

ambiguous compared to an unambiguous word, irrespective of whether prior context 

was neutral (The merchant put his straw beside the machine) or biased towards one 

of the ambiguous word’s meanings (The child/farmer put the straw beside the 

machine). They attributed the increased response time for ambiguous conditions in 

the absence of context effects to competition between the two meanings of “straw” 

which had been simultaneously activated. However, Swinney (1979) argued that the 

phoneme monitoring paradigm may not be sensitive enough to capture lexical access 

processes as the measurement of ambiguity effects occurred downstream from the 

critical ambiguous word. Instead, Swinney (1979) and Onifer and Swinney (1981) 

used a cross-modal semantic priming paradigm, where participants listened to 

sentences that contained an ambiguous word (e.g. “bug”), and were presented with a 

visual target word that they had to name as quickly as possible or make a lexical 

decision about (Is this a real word?) immediately after encounter of the critical 

ambiguous word. Again, context prior to the critical word in the prime sentences was 

either neutral with respect to the meaning of the ambiguous word, or clearly 

disambiguated it towards one of its meanings. Target words were either semantically 

related to the meaning of the ambiguous word that was consistent with the sentence 

context (e.g. “ant”), related to the other, irrelevant meaning (e.g. “spy”), or unrelated 

to either meaning (“sew”). Results from the experiments reported in Swinney (1979) 

and Onifer and Swinney (1981) consistently showed no priming for meanings that 

were unrelated to either meaning of the ambiguous word; however, naming or 
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response times did not differ significantly for target words related to either meaning of 

the ambiguous word, suggesting that both meanings of the ambiguous word were 

primed. Crucially, this effect was observed in both context conditions. It was thus 

concluded that the initial stage of access to the meanings of an ambiguous word is 

exhaustive and independent of prior context. It is important to note that exhaustive 

access models do not assume that context plays no role in language processing, but 

that its influence is restricted to later stages of processing. 

 

In contrast, models of “selective access” to the meanings of ambiguous words 

assume that prior context immediately influences which meaning receives activation 

(e.g. Glucksberg, Kreuz, & Rho, 1986; Schvaneveldt, Meyer, & Becker, 1976). This 

view is therefore based on the idea of spreading activation across a semantic network. 

For example, if prior context mentions “schools” and “teachers”, words related to this 

semantic field receive activation, so when the processing system encounters “pupil”, 

its “student” meaning is already in a state of increased activation. Evidence for this 

model comes from priming studies that suggest that prior context can have early 

effects on meaning activation. Schvaneveldt and colleagues (1976) asked 

participants to make lexical decisions about sequences of words, e.g. RIVER – BANK 

– WATER, or RIVER – BANK – MONEY. Lexical decisions were made faster in 

response to “water” compared to “money”, suggesting that the context “river” primed 

only the contextually appropriate interpretation of “bank”. One explanation for the lack 

of context effects in the studies reported by Forster (1970), Swinney (1979), and 

Onifer and Swinney (1981) may be that their stimuli provided contexts that were not 

strong enough to bias meaning selection. For example, Tabossi and colleagues found 

that only the contextually appropriate meaning was primed when sentences were 

strongly semantically constrained, and prior context supported only one interpretation 

of the ambiguous word (Tabossi, 1988; Tabossi, Colombo, & Job, 1987; Tabossi & 

Zardon, 1993). In support of this view, Simpson (1981) and Simpson and Krueger 



BLOTT (2019): DOWN THE GARDEN-PATH AND BACK AGAIN 

50 
 

(1991) report evidence that in weakly biasing or neutral contexts, both meanings of 

an ambiguous word were primed (supportive of exhaustive access), whereas stronger 

context only led to priming for the contextually appropriate meaning (supportive of 

selective access). 

 

More recently, both extreme views of exhaustive and selective meaning 

access have been criticised, leading to the development of hybrid models of lexical 

access (Duffy, Morris, & Rayner, 1988). Current evidence suggests that initial access 

to the meanings of ambiguous words is driven by two main factors: available context, 

and the relative frequency with which each meaning occurs. Some ambiguous words 

are “balanced” in terms of their relative meaning frequency, such that both meanings 

occur approximately equally frequently (e.g. the baseball and container meanings of 

“pitcher”, Twilley, Dixon, Taylor, & Clark, 1994). In many cases, however, an 

ambiguous word will have one very common meaning, and alternative meanings that 

occur comparatively less frequently. For example, the “botanical organism” meaning 

of “plant” is much more frequent than its “factory” meaning (Twilley et al., 1994). The 

primary, more frequent meaning of an unbalanced ambiguous word is termed the 

“dominant” meaning, and the secondary, less frequent meaning is termed the 

“subordinate” meaning. Words such as “plant” are called “biased” (e.g. Mason & Just, 

2007a), “non-equibiased” (e.g. Duffy et al., 1988) or “unbalanced” (e.g. Simpson, 

1994) because of their relative meaning frequency distributions. In this thesis, I will 

use the term “unbalanced” to refer to words with a meaning frequency imbalance in 

order to avoid confusion with other uses of the word “bias” during sentence 

processing.  

 

While word frequency can easily be determined based on word counts within 

a corpus (such as the CELEX dabatase, Baayen, Piepenbrock, & Gulikers, 1995; see 

also Kučera, & Francis, 1967), relative meaning frequencies of ambiguous words are 
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harder to establish. To identify the dominant vs subordinate meanings of ambiguous 

words, researchers usually ask native speakers to provide semantic associations (i.e. 

“the first word that comes to mind when you hear/see…”) for ambiguous words. These 

associations can then be coded according to the meaning that they are consistent 

with, and be collated into a set of “dominance” ratings for individual lexical items (e.g. 

Geis & Winograd, 1974; Gorfein, Viviani, & Leddo, 1982; Twilley et al., 1994). For 

example, in the association norms provided by Twilley and colleagues (1994) the 

proportion of responses consistent with the “botanical organism” meaning of “plant” 

(0.93) was much greater than the proportion of responses consistent with the “factory” 

meaning (0.02).  

 

Long-term experience with language shapes the structure of the mental 

lexicon such that word recognition and lexical access processes are facilitated for 

words that occur more frequently in a language compared to words that are rarer (e.g. 

Forster & Chambers, 1973; Stanners, Jastrzembski, & Westbrook, 1975; Whaley, 

1978). These effects suggest that representations can over time and with more 

experience become more easily accessible. In analogy to these word-form frequency 

effects, research into the processing of ambiguous words has found evidence for 

effects of meaning frequency.  For example, in neutral contexts, the dominant 

meaning of an unbalanced ambiguous word seems to be more easily accessible than 

the subordinate meaning (Simpson, 1981; Simpson & Burgess, 1985; Simpson & 

Krueger, 1991). The Reordered Access Model proposed by Duffy, Morris, and Rayner 

(1988) therefore explicitly assumes that the individual meanings of an ambiguous 

word are accessed in the order of their relative occurrence frequency (i.e. dominant 

meanings are active before subordinate meanings). In support of the idea of an order 

of access, Hogaboam and Perfetti (1975) reported a study where participants were 

asked to decide whether sentences were ambiguous. Ambiguity detection times were 

faster when the sentence context supported the subordinate meaning of the 
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ambiguous word (e.g. the “illness” meaning of “cold” in “The new vaccine will eliminate 

the cold”) compared to when the context was supportive of the dominant meaning (as 

in “The mountain climber anticipated the cold”). These results were taken as evidence 

that when context was supportive of the dominant meaning of “cold”, ambiguity 

detection was made more difficult because the processing system had activated only 

the context-appropriate “temperature” meaning. In contrast, when context was 

supportive of the subordinate meaning, both the “illness” and the “temperature” 

meaning of “cold” received activation, making the detection of the word’s ambiguity 

comparatively easy. These results therefore support the idea that both context and 

relative meaning frequency affect lexical access processes. When prior context is not 

supportive of either meaning, selecting a single meaning based on its relative 

occurrence frequency is generally an optimal strategy, as the likelihood that the 

selected meaning is in fact appropriate is high. 

 

There is compelling evidence to suggest that the processing system initially 

activates all meanings of an ambiguous word but that it rapidly selects and settles on 

a single meaning (e.g. Onifer & Swinney, 1981; Seidenberg, Tanenhaus, Leiman, & 

Bienkowski, 1982; Swinney, 1979; Tanenhaus, Leiman, & Seidenberg, 1979). In a 

phoneme monitoring task, Cairns and Kamerman (1975) found that effects of 

ambiguity on response times suggestive of exhaustive access were short-lived, and 

only occurred immediately after presentation of the ambiguous word. With a delay 

between the ambiguous word and the target phoneme of two short words, evidence 

of exhaustive access was no longer observed. The authors therefore argued that a 

very quick decision amongst meaning alternatives is made. Similarly, in their cross-

modal priming experiments, Swinney (1979) and Onifer and Swinney (1981) found 

that when the target word was presented with a delay of three syllables (approximated 

as 750 – 1000 ms, Swinney, 1979) or 1500 ms (Onifer & Swinney, 1981) after the 

offset of the critical ambiguous word, only the contextually appropriate meaning was 
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still active. Again, this was taken as evidence that although immediately after the 

encounter of an ambiguous word, all of its meanings are activated, this exhaustive 

access is followed by a rapid selection process which leads to the maintenance of 

only a single meaning. Seidenberg and colleagues (1982) also reported evidence 

from cross-modal priming suggesting that immediately after an ambiguous word, 

target words related to either meaning were active, irrespective of whether the target 

word was congruent with the sentence context (e.g “If Joe buys the straw” – HAY, or 

“If Joe buys the straw” – SIP). In contrast, when target words were presented with a 

delay of 200 ms, the priming effect was only found for target words that were related 

to the contextually appropriate meaning of the ambiguous word (i.e. in the HAY but 

not in the SIP condition). The authors therefore concluded that although exhaustive 

access occurs initially, only the contextually appropriate meaning of an ambiguous 

word is active at 200 ms after encounter of the ambiguous word. Seidenberg and 

colleagues (1982) argue that this rapid “homing in” or settling on a single meaning is 

an adaptive property of the language processing system. Due to processing capacity 

limitations, it may be too costly and inefficient to maintain multiple potential meanings 

of ambiguous words; the early selection of a single interpretation is therefore assumed 

to support rapid, incremental sentence processing.1  

 

Twilley and Dixon's (2000) Independent Activation Model of lexical access 

provides a compromise between the idea of exhaustive access due to activation 

spreading from the shared perceptual input, and contextual integration processes. 

The model assumes that initially, all meanings of an ambiguous word receive 

activation from the input. However, each meaning also has a certain resting-state 

level of activation that is determined by its occurrence frequency (i.e. the system’s 

 
1 Other researchers have argued that the ability of the processing system to maintain multiple 

meanings depends on readers’ working memory capacity (Just & Carpenter, 1992; MacDonald, Just, & 
Carpenter, 1992; Miyake, Just, & Carpenter, 1994). See 4.2 Reader characteristics for a discussion of 
this view.  
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experience with it). In the model, context can have an additional effect on activation 

levels. Figure 1.4 illustrates the relative influence of the input, context, and the 

meaning representation’s resting activation.  As the Independent Activation Model 

does not make any assumptions about the nature of meaning representations (localist 

vs distributed), the figure illustrates the model with localist input and representation 

nodes for simplicity. 

 

 

Figure 1.4 Illustration of elements of Twilley and Dixon’s (2000) Independent Activation Model 
for the sentence “The plant had been difficult to build”. The model assumes that each meaning 
of an ambiguous word (e.g. “plant”) has a certain level of resting activation, with dominant 
meanings’ resting level activation exceeding that of subordinate meanings (illustrated by the 
thicker circle outline for the “living organism” meaning). When prior context is neutral, as is the 
case in the “The plant was difficult to build” example, the perceptual input (encounter of the 
orthographic or phonological word form “plant”) is assumed to send activation to both 
meanings. However, subsequent context (the disambiguating information in “build”) sends 
facilitatory input to the “factory” meaning, and inhibitory input to the initially activated “living 
organism” meaning. Image credit: Painter06 (n.d.); Dtbohrer (2008). 
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This model can explain some seemingly disparate results from previous 

priming studies. Twilley and Dixon (2000) report simulations where the strength of 

context, and the resting activation level of meaning representations was manipulated. 

When context was weak, the model produced priming patterns that were reminiscent 

of the “exhaustive access” view, while stronger context lead to priming consistent with 

“selective access” models. Varying the resting activation level of the meaning 

representations, they found that subordinate meanings (i.e. representations with 

lower resting activation) were only activated when there was also supportive context. 

In contrast, dominant meanings were always active, owing to their high levels of 

resting activation. The model further assumes that the perceptual input decays over 

time, leading to a similar decay of meanings that have received below-threshold 

activation; in addition, input from context that is biased towards one meaning can act 

to suppress the activation of the contextually inappropriate meaning.    

 

According to this model, the sentence “The plant had been difficult to build” 

leads the reader down a garden-path because the ambiguous word “plant” is 

unbalanced. The resting activation level of the dominant “botanical organism” 

meaning is therefore assumed to be high, while that of the subordinate “factory” 

meaning is low. As there is also no prior context that could increase the activation 

level of the “factory” meaning, the model assumes that the processing system will 

select and settle on the dominant meaning as it processes the word “plant”. The 

“botanical organism” meaning is therefore integrated into the evolving sentence-level 

interpretation. However, when the processing system encounters the word “build”, it 

needs to detect a violation to semantic coherence – the “botanical organism” meaning 

of “plant” is not compatible with the meaning of “being built”. The contextual input from 

“build” should therefore provide supportive, facilitatory input to the contextually 

appropriate, subordinate meaning representation, and negative, inhibitory input to the 

contextually inappropriate dominant meaning. The sentence-level meaning 
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representation needs to be revised, by integrating the subordinate meaning into the 

sentence context. The resolution of lexical ambiguity in sentence context therefore 

relies on an individual’s prior experience with words and their meanings, and their 

ability to use context adequately during comprehension. 

 

In summary, the processing system is very quick at selecting and settling on 

a single meaning of an ambiguous word. When prior context does not provide any 

useful information, it follows a heuristic, a “best guess” strategy (Rodd, 2017), 

whereby the most likely (i.e. most frequent) meaning is selected. On the whole, this 

strategy is advantageous. However, it will inevitably also lead to mistakes in 

interpretation in some cases, for example in semantic garden-path sentences, where 

the desired interpretation relies on the selection of the subordinate meaning.     

 

 

3. And back again: Recovering from misinterpretations 

 

The recovery from a garden-path misinterpretation relies on multiple component 

processes (illustrated in Figure 1.5). Crucially, reinterpretation is obligatory for 

sentences like the example in Figure 1.5 – a coherent sentence level meaning 

representation can only be established when the appropriate meaning of the 

ambiguous word is selected and integrated into the sentence context. 

Reinterpretation involves the suppression of the initially selected dominant meaning 

(“botanical organism”) of the ambiguous word, the (re-)activation of the contextually 

appropriate subordinate meaning (“factory”), and its integration into a sentence-level 

meaning representation.  
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Figure 1.5 Illustration of the processes involved in the recovery from a semantic garden-path. 
(1) Activation of the dominant (most frequent) meaning of the ambiguous word “plant” in the 
absence of any informative prior context. (2) Detection of a violation to sentence-level 
coherence at the disambiguating information. (3) Initiation of reinterpretation processes that 
involve (re)activation and integration of the intended subordinate meaning into the sentence 
context. Image credit: Painter06 (n.d.); Dtbohrer (2008). 

 

3.1 Processing costs associated with the demands of 

reinterpretation 

 

Recovery from a misinterpretation is a costly endeavour. Both syntactic and semantic 

garden-path sentences have been reliably associated with processing costs, using a 

variety of examples of ambiguity, tasks, and measures. In an early sentence-picture 

matching study, Foss, Bever, and Silver (1968) asked participants to listen to 

sentences that contained an ambiguous word that was not disambiguated towards 

either of its meanings (e.g. “The man is holding a pipe”), and to decide whether a 

picture matched the sentence meaning. The authors obtained ratings of the relative 

meaning dominance for each of the ambiguous words in a pre-test using a semantic 

association paradigm, and they manipulated whether the pictures were 

representations of the dominant meaning (e.g. a man holding a smoking pipe in his 

hand), or the subordinate meaning (e.g. a man holding a metal tube). Results from 

the sentence-picture matching task indicated that participants generally made more 

errors when sentences were ambiguous (on 19.2% of trials) than when they were 
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unambiguous (on only 1.3% of trials), suggesting that their interpretation of the 

ambiguous sentences did not always match the meaning of the ambiguous word that 

was displayed in the associated picture. Importantly, more errors were made when 

the picture displayed the unexpected, subordinate meaning (in 27.5% of trials) than 

when it was a depiction of the dominant meaning (10.8%). Making a correct sentence-

picture match decision also took about 100 ms longer when meanings were 

unexpected compared to when they were expected. These findings were interpreted 

as evidence for processing costs related to reinterpretation processes; participants 

were more likely to have selected the dominant meaning during processing of the 

sentence, and encountering information that was inconsistent with this selection (i.e. 

a picture of the subordinate meaning) required them to revise their initial selection and 

reinterpret the sentence meaning.  

 

More recently, Rodd, Johnsrude, and Davis (2010) used a dual-task paradigm 

to probe the processing costs of ambiguity resolution, and reinterpretation processes 

more specifically. Participants listened to sentences that contained an ambiguous 

word that was disambiguated either prior to its occurrence (e.g. “The hunter thought 

that the hare in the field was actually a rabbit.”), or later on in the sentence (e.g. “The 

ecologist thought that the plant by the river should be closed down.”). A letter was 

displayed visually during different points of the sentence presentation, and 

participants had to decide whether it was upper or lower case as quickly and 

accurately as possible. Response times in the case judgement task suffered 

particularly when the disambiguating information appeared late in the sentence and 

when the letter appeared immediately after this information. In the late-disambiguation 

condition, it is assumed that listeners will, at least on some trials, have initially selected 

the incorrect meaning of the ambiguous word, and will therefore have to engage in 

reinterpretation processes upon encounter of the disambiguating information. The 

finding of processing costs at this point (as indicated by slowed response times on 
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the concurrent task) thus suggests that reinterpretation is a costly process that 

interfered with performance on the case judgement task.  

 

Processing costs related to reinterpretation have also been observed during 

reading. For example, Ferreira and Clifton (1986) report data from eye-tracking and 

phrase-by-phrase self-paced reading experiments using syntactically ambiguous 

sentences (“The defendant examined by the lawyer turned out to be unreliable”), and 

well-matched unambiguous sentences (“The defendant that was examined by the 

lawyer turned out to be unreliable”). Comparing reading times in the critical 

disambiguating region (“by the lawyer”), they found that readers spent longer on this 

region when the sentence was ambiguous, suggesting that they had encountered a 

processing difficulty as the information was not consistent with their initial 

interpretation of “The defendant examined” as an AGENT + VERB structure. Similarly, 

Rayner and Duffy (1986) found longer reading times on regions that contained 

disambiguating information in ambiguous sentences compared to the same regions 

when they were included in unambiguous sentences.  

 

Reading semantic garden-path sentences has also been found to lead to 

reinterpretation-related processing costs. Duffy and colleagues (1988) asked 

participants to read, among others, sentences like “Last night the port was a great 

success when she finally served it to her guests”, which had been designed to lead 

readers down a garden-path due to the ambiguity of “port”. In their eye-tracking study, 

they found that gaze durations on ambiguous words that were unbalanced in their 

relative meaning frequency (i.e. that had one dominant meaning that was likely initially 

selected) were similar to gaze durations on matched unambiguous control words, 

providing further evidence that the processing system makes an initial meaning 

selection and does not undergo prolonged competition between meanings when one 

of those meanings is more frequent (e.g. Seidenberg et al., 1982). Importantly, 
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however, they also compared reading times in the sentence region that contained the 

disambiguating information (“served”). There was a garden-path effect on reading 

times, with more time spent on this region in the ambiguous compared to the 

unambiguous control sentences. Similar to the results for syntactic ambiguities, this 

result suggests that having to reinterpret the meaning of an ambiguous word requires 

additional processing time.  

 

Further evidence for ambiguity-related costs to the language processing 

system comes from neuroimaging studies. Compared to unambiguous sentences, 

processing sentences that contain ambiguous words seems to be associated with 

additional neural activation in the fronto-temporal language network (Mason & Just, 

2007a; Rodd, Davis, & Johnsrude, 2005). More specifically, a region within the left 

frontal lobe, the inferior frontal gyrus (IFG), has been found to be involved in the 

selection among multiple meaning alternatives (Rodd, Johnsrude, & Davis, 2012; 

Vitello & Rodd, 2015).  

 

In summary, previous research suggests that the recovery from garden-path 

sentences requires cognitive and neural resources over and above the processing of 

straight-forward, unambiguous sentences. Processing costs have been observed in 

the form of detriments to performance on concurrent cognitive tasks, longer sentence 

reading times, and increased brain activity.  

 

3.2 Lingering misinterpretations 

 

The research reviewed above has focused on the time and resources involved in 

understanding garden-path sentences. It is usually assumed that ambiguity-related 

processing difficulty is temporary – that ultimately, the processing system lands on a 
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“perfect parse” or a veridical representation of sentence meaning. However, only 

recently have there been calls to focus research efforts on whether people actually 

do understand these types of sentences (e.g. Christianson, Hollingworth, Halliwell, & 

Ferreira, 2001; Ferreira, Christianson, & Hollingworth, 2001; Ferreira & Patson, 2007).  

 

In addition to the efficient operation of reinterpretation processes, 

understanding a garden-path sentence requires the system to detect the processing 

problem in the first place. The detection of processing errors, e.g. a misinterpretation 

due to a garden-path, relies on the effective monitoring of comprehension. According 

to Zipke (2007), such monitoring requires both evaluation (have I understood this 

correctly?), and regulation (which operations are now needed to correct my 

misunderstanding?). However, there is a wealth of evidence to suggest that the 

processing system is not always either willing or able to engage in these monitoring 

processes, and that comprehenders do not always successfully recover from linguistic 

garden-paths. Sometimes, misinterpretations linger (Christianson et al., 2001).  

 

Early evidence for readers’ difficulty in recovering from garden-path stimuli 

comes from a study reported by Daneman and Carpenter (1983). Participants were 

presented with longer passages that contained an ambiguous word that was finally 

disambiguated towards an unexpected meaning (see Example (6)).  

 

(6) There was a strange noise emanating from the dark house. Bob had to 

venture in to find what was there. He was terrified; rumor [sic (U.S.)] had it 

that the house was haunted. He would feel more secure with a stick to 

defend himself and so he went and looked among his baseball equipment. 

He found a bat that was large and brown and was flying back and forth in the 

gloomy room. Now he didn’t need to be afraid any longer. (Daneman & 

Carpenter, 1983) 
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In a control condition, the same passages were presented with the ambiguous 

word replaced by an unambiguous word (e.g. “bird”). Participants were then asked 

“What did Bob find in the gloomy room?”, and their responses were scored according 

to which meaning of the ambiguous word “bat” they had ultimately selected. Passages 

that contained the ambiguous word “bat”, whose initially selected meaning (primed by 

the mention of baseball) turned out to be inconsistent with the meaning of “flying”, 

were associated with lower accuracy on comprehension questions than passages that 

instead contained the unambiguous word “bird” whose meaning was consistent with 

“flying”. This result suggests that although readers encountered enough useful 

information to revise their initial meaning selection, they did not always do so.  

 

Similarly, Ferreira and Henderson (1991) report evidence that readers do not 

always end up with perfect parses for syntactic garden-path sentences. In a series of 

grammaticality judgement tasks, they found that ambiguous sentences with an 

unexpected structure (e.g. “After the Martians invaded the town was evacuated”) were 

erroneously declared ungrammatical on a substantial proportion of trials (between 55 

and 63%, compared to errors on unambiguous and entirely grammatical filler 

sentences of 4-8% across experiments). This was especially the case when the 

distance between the ambiguous word and the disambiguating information was 

increased compared to shorter sentences, suggesting that more intervening 

information made reinterpretation even less likely. 

 

The persistence of misinterpretations has also famously been observed in 

Erickson and Mattson's (1981) investigation of what they call the “Moses illusion”. 

When people are asked “How many animals of each kind did Moses take on the ark?”, 

most will simply reply “Two”, without realising that it was Noah, not Moses, who built 

the ark in the biblical story. Of course, one might argue that people just assumed that 
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the question contained an error and were being compliant by answering the question 

they thought was being asked of them rather than the one they were actually asked. 

However, Erickson and Mattson (1981) found that people were often surprised when 

the inconsistency in the question was pointed out to them. It was also not the case 

that people were simply not aware that it was Noah who built the ark – even when 

participants’ background knowledge was controlled, they were still vulnerable to 

making the same error in answering the Moses question. In fact, when participants 

were later asked to recall the question, 73% of them incorrectly remembered having 

been asked about “Noah” rather than “Moses”. These results suggest that readers do 

not always process and semantically analyse language input in detail. Instead, as 

long as they can perform a task to a satisfactory level, they are happy to overlook 

semantic inconsistencies. 

 

Similar to the Moses illusion, Barton and Sanford (1993) found that readers 

often do not detect semantic anomalies. Participants read the passage in Example 

(7), and were asked “What should the authorities do?”. 

 

(7) There was a tourist flight travelling from Vienna to Barcelona. On the last 

leg of the journey, it developed engine trouble. Over the Pyrenees, the pilot 

started to lose control. The plane eventually crashed right on the border. 

Wreckage was equally strewn in France and Spain. The authorities were trying 

to decide where to bury the survivors. (Barton & Sanford, 1993)  

 

Based on responses to the question or following a prompt to indicate whether 

they had noticed anything odd about the passage, Barton and Sanford (1993) divided 

their participants into those who detected the semantic anomaly (that, ideally, you 

should not bury living people), and those who did not. Across four experiments, the 

proportion of detectors was low, at about 30% or lower (the condition in which the 
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critical phrase contained the word “survivor” actually achieved a 60% detection rate; 

however the rate was much lower when words like “injured” and “wounded” were used 

instead). Again, these findings illustrate that as long as people had established some 

sort of coherent global interpretation, they often did not engage in deeper semantic 

analysis. Recall also the results from the sentence-picture matching study by Foss 

and colleagues (1968), which suggested a high proportion of errors for ambiguous 

sentences with unexpected meanings, suggesting that comprehenders did not always 

engage in reinterpretation.  

 

Probing participants’ understanding of garden-path sentences with 

comprehension questions, previous studies have also suggested that readers do not 

always resolve ambiguities, and often end up with less-than-perfect sentence-level 

meaning representations. The first study to specifically investigate whether ambiguity-

related misinterpretations linger was reported by Christianson and colleagues (2001). 

Participants were presented with syntactic garden-path sentences like “While the man 

hunted the deer ran into the woods”. When asked “Did the deer run into the woods?”, 

participants were generally able to correctly respond “yes” to the question, suggesting 

that they had eventually assigned “the deer” to the main clause. This result might have 

been taken as evidence that the readers engaged in reinterpretation, and had 

established a correct representation of the structure of the sentence. Critically, the 

authors also asked participants “Did the man hunt the deer?”. If reinterpretation 

processes had been successfully completed, the expected answer to this question 

would be “no”, as the phrase “the deer” would have been assigned to the main clause 

exclusively, and not to the subordinate clause. However, participants were likely to 

erroneously answer “yes” to this question, and made significantly more of these errors 

for garden-path sentences compared to unambiguous control sentences. Importantly, 

participants made these kinds of errors while reporting to be very confident in their 

answers, suggesting that they were satisfied that their responses sufficed for the task. 
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Christianson and colleagues (2001) concluded that although readers may engage in 

partial reanalysis of garden-path sentences, they do not always fully reinterpret these 

sentences. Instead, misinterpretations were found to linger. 

 

Using different paradigms to investigate the outcomes of interpretation 

processes for garden-path sentences, other researchers have also provided evidence 

for the idea that under some circumstances, misinterpretations can be persistent. For 

example, Malyutina and den Ouden (2016) report results from a sentence-picture 

matching task showing that comprehenders are sometimes left with “blended” 

interpretations, whereby they accepted depictions of either interpretation, e.g. “the 

man hunting the deer” and “the man hunting some other animal, and the deer running 

into the woods at the same time”, as matches for the sentence “While the man hunted 

the deer ran into the woods”. It is not necessary to accept the idea that somehow both 

interpretations are maintained at the same time to find this result interesting, as the 

idea of an only partially completed syntactic reanalysis suffices to explain these 

results.  

 

Other studies have used priming paradigms (van Gompel, Pickering, Pearson, 

& Jacob, 2006), or paraphrasing tasks (Patson, Darowski, Moon, & Ferreira, 2009) to 

probe comprehension of garden-path sentences. These methods can be used to 

investigate lingering misinterpretations more implicitly compared to Christianson and 

colleagues' (2001) comprehension questions, which may potentially have led readers 

to explicitly re-evaluate their interpretation of the previously presented sentences. In 

addition, the repetition of crucial information from the sentence in the questions (Did 

the man hunt the deer?), and thus the verbal re-instantiation of the original, incorrect 

interpretation may have led to the misinterpretation being reinforced (Patson et al., 

2009).  
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Echoing the paradigms from the lexical priming literature, van Gompel and 

colleagues (2006) used a structural priming paradigm to investigate the activation 

level of inappropriate (syntactic) interpretations after presentation of a garden-path 

sentence. Participants read sentences like “While the man was visiting the children 

who were surprisingly pleasant and funny played outside”, and were then presented 

with sentence fragments that they were asked to complete, e.g. “When the doctor was 

visiti…”. Participants were more likely to use a transitive sentence structure (e.g. 

“When the doctor was visiting the patient.”) in the ambiguous sentences compared to 

unambiguous control sentences. This result suggests that in the ambiguous 

sentences, participants were primed with the incorrect, transitive structure (analysing 

“visiting the children” as “[V NP]” not “[V] [NP]”). The misinterpretation of the syntactic 

garden-path was therefore found to linger.  

 

Similar results were reported by Patson and colleagues (2009), who used the 

same stimuli as Christianson and colleagues (2001), but used a paraphrasing task 

rather than asking explicit comprehension questions. After presentation of the 

sentences (e.g. “While Anna bathed the baby spit up on the bed”), participants were 

prompted to write a paraphrase of the sentence meaning. Their responses were 

coded as failed reanalysis (e.g. “Anna bathed the baby”), partial reanalysis (e.g. “Anna 

bathed the baby and it spit up on the bed”), or full reanalysis (e.g. “The baby spit up 

on the bed while Anna took a bath”). There was only a small proportion of trials in 

which reanalysis failed completely, but participants were more likely to partially 

reanalyse sentences when they were ambiguous compared to when they were 

disambiguated with a comma. A full reanalysis of sentence content was more likely 

with the disambiguated compared to the ambiguous sentences. Again, these results 

provide converging evidence that readers do not always fully recover from 

misinterpretations. 
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Evidence for lingering misinterpretations has also been found for simpler 

sentences that did not induce a garden-path, suggesting that forgoing reinterpretation 

is not a strategy to deal with complex garden-path sentences specifically, but may 

instead be a property of the language processing system.  Ferreira (2003) reports 

experiments with sentences in which the assignment of thematic roles was either 

typical (e.g. mouse eating cheese), or atypical (e.g. cheese eating mouse). 

Participants listened to these sentences, and were asked to identify different thematic 

roles. Accuracy of thematic role identification was generally lower and response times 

longer when the assignment of thematic roles was atypical compared to when it was 

typical. When sentences were presented in passive format (e.g. “The mouse was 

eaten by the cheese.”), accuracy rates and response times were also negatively 

affected. These results suggest that comprehenders seemed to make the assumption 

that thematic roles generally conform to the order in which constituents are presented 

in a sentence, and that they generally conform to some plausible, typical schema. 

When either of these assumptions was violated, they had difficulty correctly identifying 

the thematic roles. 

 

The idea that we make use of simple assumptions, or heuristics, to guide our 

comprehension has been fleshed out in the “good enough” approach to language 

processing proposed by Ferreira and her colleagues (e.g. Ferreira, 2003; Ferreira & 

Patson, 2007). According to this account, we approach language comprehension not 

with the goal of extracting exact syntactic structures and building veridical meaning 

representations of sentences, but with the goal of quick-and-dirty interpretation. 

Comprehenders are assumed to construct mental representations that are “good 

enough” to fulfil the task. When presented with garden-path sentences, readers may 

therefore be quite happy to stick with interpretations that are “good enough”, without 

necessarily engaging in costly reinterpretation processes. From this point of view, 
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garden-paths can produce an “illusion of comprehension” (Ferreira et al., 2001, p. 17; 

see also results from confidence ratings in Christianson et al., 2001).  

 

According to the “good enough” account of language processing, 

misinterpretations are part and parcel of language comprehension – the system’s 

main concern is the rapid establishment of communication-ready representations with 

minimal effort (Christianson, 2016). The use of fast and frugal heuristics during 

sentence processing has also been invoked by models of lexical ambiguity resolution. 

These models propose that the system uses the relative occurrence frequencies of 

meanings to make a “best guess” at the intended interpretation of an ambiguous word 

(e.g. Rodd, 2017; Seidenberg et al., 1982; Swinney, 1979; Twilley & Dixon, 2000). 

Importantly, this approach also suggests that the comprehension system is bounded 

by constraints, e.g. the time available for processing, the processing demands of the 

task, or limitations of cognitive or linguistic skills, which necessitate the use of 

heuristics (Christianson, 2016).  

 

From this point of view, the processing system needs to set a threshold or 

criterion of coherence that it is willing to accept as “good enough”. Ferreira and 

colleagues (2001) raise the possibility that criteria for halting interpretation efforts and 

instead sticking with a “good enough” interpretation may depend on the situation. The 

example they mention is that of a noisy bar, where comprehension criteria are likely 

to be set at a lower threshold and people can get away with gist-like representations. 

In contrast, when participants come in for an experiment that measures their reading 

behaviour, their processing system may have set the threshold for “good enough” 

comprehension at a higher level. Similarly, the exact parameters of an experimental 

task may affect the extent to which the processing system engages in a shallow 

compared to a deeper processing strategy.  
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4. Reader-text interactions in language comprehension 

and the recovery from misinterpretations 

 

As the previous section has shown, reading and comprehension processes are 

affected by the type of linguistic material that readers are confronted with. However, 

reading is a skill that varies greatly across individuals, and, importantly, even among 

adult readers who are thought to have mastered decoding processes and have 

advanced beyond the beginning stages of reading (e.g. Bell & Perfetti, 1994; 

Gernsbacher & Faust, 1991; Long, Oppy, & Seely, 1994; Stanovich & West, 1989). 

The time and cognitive resources needed to process a text or a sentence will therefore 

be contingent on the nature of the reader-text interaction, and depend both on the 

linguistic characteristics of the material, and on the characteristics of the individual 

who is reading the text. 

 

4.1 The influence of stimuli, tasks, and processing demands 

 

As discussed above, the extent to which readers engage in shallow or deep 

processing may be influenced by the demands of the task with which they are faced. 

In line with the idea of task-dependent processing, studies using eye-tracking 

technology to record readers’ eye movements and fixations during text and sentence 

processing suggest that greater task demands are associated with a more careful 

reading strategy, as evidenced for example by longer reading times or a greater 

likelihood to re-fixate parts of a sentence. For example, McConkie, Rayner, and 

Wilson (1973) observed that text passages were read faster when only superficial 

processing was required, but that readers slowed down when they were expected to 

engage in deeper processing.  
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Kaakinen and Hyönä (2010) also found that eye tracking measures were 

significantly affected by task instructions. When readers were instructed to proofread 

sentences, their eye movements and fixations were consistent with a careful reading 

strategy, e.g. fixation and gaze durations were longer, and they were very likely to re-

fixate regions within the sentences. In contrast, when they were asked to read for 

comprehension, eye tracking measures were more in line with a shallow processing 

strategy. There were also greater effects of word length and frequency on gaze 

durations during proofreading than reading comprehension, suggesting that greater 

attentional resources were devoted to orthographic and lexical-semantic processing 

when the task required more careful reading. Similarly, Radach, Huestegge, and 

Reilly (2008) found that when readers were asked to answer detailed comprehension 

questions, they were more likely to re-fixate parts of the sentence than when they 

were asked to respond to a multiple choice question about sentence content, 

suggesting that it was not only the presence of comprehension questions that 

influenced reading behaviour but also the nature or difficulty of those questions. This 

result was corroborated by Wotschack and Kliegl (2013), who asked participants 

either difficult or easy comprehension questions. It was found that readers who were 

asked difficult questions made more leftward, or regressive, eye movements back to 

earlier parts of the sentence. Although participants’ accuracy on comprehension 

questions was lower in the difficult compared to the easier condition, they were still 

able to achieve 95% accuracy even with difficult questions. This finding suggests a 

compensation effect: to achieve this relatively high level of accuracy, readers in the 

difficult condition needed to engage in re-reading.  

 

Further evidence that processing strategies may depend on a reader’s goals 

during reading is provided by Barton and Sanford (1993). In one of their experiments 

investigating the “survivor illusion”, they manipulated the information that was 

contained in the scenario. They presented elaborated scenarios like Example (8); in 
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this condition, readers were generally able to detect the anomaly in “burying 

survivors”, with detection rates of about 80%. However, when the scenario contained 

information that was relevant to answering the question (Example (9)), anomaly 

detection rates dropped to about 50%. This finding suggests that the addition of 

relevant information led to readers being more likely to overlook the anomaly, i.e. they 

may have engaged in shallow rather than deep processing, focusing instead on the 

information they found most useful.  

 

(8) Suppose that there was an aircrash with survivors, which happened last 

week. Where should they be buried?  

 

(9) Suppose that there was an aircrash with survivors, who were mostly 

Europeans. Where should they be buried?  

 

There is also evidence to suggest that task demands can influence ambiguity-

related processing costs. Depending on the task instructions or stimulus composition, 

readers may be more or less affected by the presence of an ambiguous word. For 

example, Foss (1970) reported a phoneme monitoring study in which participants 

showed clear ambiguity effects: their response times were slower when the target 

phoneme was presented immediately after an ambiguous compared to an 

unambiguous word. This ambiguity effect on response times, however, disappeared 

in a separate group of participants who had the additional task of deciding whether 

the sentence was ambiguous or not. This finding suggests that the additional 

demands of this dual task paradigm affected the processing of the ambiguity. The 

dual task may have led to a different processing strategy for ambiguous sentences 

because it made readers explicitly aware of the ambiguity. However, when comparing 

only those sentences that each participant correctly classified as ambiguous and 

unambiguous, Foss (1970) did find a significant response time difference for the 
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phoneme monitoring task, i.e. a significant ambiguity effect as reported for the group 

who did not have an additional task. The lack of ambiguity effects overall in the dual 

task condition is therefore more likely explained by the additional task requiring 

processing resources that were then not available for phoneme monitoring.  

 

Similarly, Mistler-Lachman (1975) reported a sentence classification task 

(Does this sentence make sense?) on ambiguous (e.g. “Marsha bought some 

beautiful new glasses”), and unambiguous sentences. In addition to these meaningful 

sentences, the task also included anomalous sentences. The author manipulated the 

types of anomaly that were encountered; different groups of participants read the 

ambiguous and unambiguous sentences intermixed with scrambled word sequences 

(e.g. “Noon leave us to Harold by building told the”), with different types of 

semantically anomalous sentences (e.g. “The swamp was not very virtuous for either 

candy”), or sentences that contained different types of syntactic anomaly (“Sam does 

not eraser to speak in public”). In line with previous findings of ambiguity effects on 

response times, ambiguous sentences were responded to significantly more slowly 

than unambiguous sentences. When anomalies were more subtle, and deeper 

processing was therefore encouraged, response times in the task tended to be longer 

compared to the conditions where shallow processing was sufficient to detect the 

anomalies and make a correct sentence classification (e.g. in the scrambled 

sentences condition). Crucially, the size of the ambiguity effect (the response time 

difference between ambiguous and unambiguous sentences) also depended on the 

type of processing encouraged by the task. Ambiguity effects were greater in the 

deeper processing conditions, suggesting that it was more difficult to decide that an 

ambiguous sentence was meaningful when anomalies were harder to detect.  

 

As argued by Ferreira and colleagues in their “good enough” account of 

language processing, detailed representations of sentence structure and meaning 
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may only be developed if such elaboration is required by the task at hand. Whether 

or not readers engage in reinterpretation processes and recover from garden-paths, 

may therefore critically depend on their reading goals. For example, Swets, Desmet, 

Clifton, and Ferreira (2008) found garden-path effects on reading times only when 

participants were asked comprehension questions that specifically pertained to the 

structure of interest, i.e. only when the task required disambiguation.  

 

Varying the difficulty of comprehension questions has been found to affect 

reading behaviour during the processing of garden-path sentences. Weiss and 

colleagues (2018) reported that participants who were asked more difficult questions 

about garden-path sentences made more regressive eye movements back to 

previous parts of the sentence, and showed longer reading times for the final sentence 

region, compared to a second group who were asked comparatively easy questions. 

This finding suggests that question difficulty particularly affected the likelihood of 

initiating rereading, which was interpreted by the authors as readers engaging in a 

checking process. “Checking” or a careful monitoring of comprehension may have 

been necessary to answer the more difficult questions. 

 

Eye movement patterns during garden-path processing were also found to be 

affected by task demands in a series of experiments reported by Cooper (2017). With 

a dual task (concurrent sentence reading and a difficult n-back task), readers were 

more likely to engage in good-enough processing and more likely to misinterpret 

syntactic garden-paths like “While the man hunted the deer ran into the woods”, 

suggesting that the n-back task may have required processing resources that were 

then not available for reinterpretation. A more shallow processing strategy was also 

found when readers did not expect comprehension questions.  
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Similar effects of task demands on reinterpretation processes have also been 

reported for semantic garden-path sentences. In their manuscript, Gilbert, Davis, 

Gaskell, and Rodd (2019) investigated the phenomenon of word meaning priming. It 

is assumed that when a comprehender encounters an ambiguous word in a context 

that disambiguates its meaning, this meaning will be primed and thus more likely 

activated during a delayed second encounter with the ambiguous word (e.g. Betts, 

Gilbert, Cai, Okedara, & Rodd, 2018; Rodd et al., 2016). Garden-path sentences such 

as “Sally worried that the ball would be too crowded” only resulted in significant word 

meaning priming when the task during initial processing required deep processing. 

When participants listened to sentences and made a semantic relatedness judgement 

to visually presented target words at sentence offset, Gilbert and colleagues (2019) 

observed null or only comparatively small priming effects for garden-path sentences. 

However, in a second set of experiments, the initial encounter of the ambiguous word 

involved a self-paced listening task where each sentence was followed by a second 

sentence that in 50% of trials provided additional disambiguating cues, with 

occasional comprehension questions. In these experiments, there was arguably more 

at stake during the processing of the garden-path; participants had an incentive to 

engage in reinterpretation in order to build a coherent meaning representation of both 

sentences, and to answer the comprehension question. Results showed significant 

priming effects in a later word association task of the ultimately correct, subordinate 

meaning of the ambiguous words presented in the garden-path sentences. These 

findings suggest that for semantic garden-path sentences, detailed meaning 

representations are generated only when required by the task. Reinterpretation 

seems to occur only when sentences need to be processed deeply.  

 

In summary, there is evidence to suggest that the processing system only 

engages in reinterpretation processes – which are required for the recovery from 
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semantic garden-paths – when, in order to achieve her goal, the reader needs to 

engage in deeper rather than shallow, or good-enough, processing.  

 

4.2 Reader characteristics 

 

Research into language processing has traditionally focused on group-level effects of 

linguistic variables to understand the workings of the language processing system. In 

this endeavour, differences between individual readers or listeners have largely been 

ignored, or treated as undesirable noise in the data (cf. Kidd, Donnelly, & 

Christiansen, 2018). However, the component processes of reading comprehension 

are subject to considerable individual variability, even among skilled adult readers 

(see e.g. Kidd, Donnelly, & Christiansen, 2018, for an overview). The study of 

individual differences in language processing is of both practical and theoretical 

importance. Even mild sentence comprehension deficits can be detrimental when 

using complex language in e.g. the work place, medical settings, legal contexts, or 

adult-level reading materials, and can affect employment and education negatively. It 

is therefore important to explore sources of individual differences in typical language 

comprehension among adults, including the ability to recover from misinterpretations. 

A better understanding of how differences in knowledge, experience, and cognitive 

skills affect language processes can support the development of targeted training 

programmes for struggling readers or individuals with language disorders. On the 

other hand, theories of language processing need to be able to account for the 

existence of individual differences. Understanding the relationships between the 

language processing system and an individual’s experience and knowledge, as well 

as other cognitive systems, is invaluable for the development of useful models and 

theories of language processing.  
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Evidence for the existence of individual differences in the recovery from 

garden-paths comes from studies using self-paced reading time measures, and eye 

movement data during reading (e.g. Daneman & Carpenter, 1983; Miyake, Just, & 

Carpenter, 1994; van der Schoot, Vasbinder, Horsley, Reijntjes, & van Lieshout, 

2009; see  Balota, Cortese, & Wenke, 2001, for a review). This section aims to provide 

an overview of the kinds of variables that might make a reader an effective and 

efficient “reinterpreter”. As discussed in Section 3 of this Chapter, semantic garden-

path sentences tend to be difficult to understand. The processes involved in the 

recovery from a garden-path are complex, involving the detection of a processing 

error, the suppression of an originally selected but contextually inappropriate 

dominant meaning, the (re)activation of a low-frequency alternative meaning, and the 

revision of the initially created sentence-level meaning representations and rapid 

integration of the (re)activated subordinate meaning into the sentence context (see 

also Figure 3). Different theoretical perspectives on individual differences in language 

processing make different assumptions about which of these processes are the most 

critical for successful and efficient reinterpretation, and attribute comprehension 

difficulties to different factors. Some researchers explain reinterpretation-related 

processing costs in terms of storage of and speed of access to meaning 

representations within the mental lexicon (e.g. Hamilton, Freed, & Long, 2016; Landi 

& Ryherd, 2017; McNamara, 1997; Perfetti, 2007; Perfetti & Hart, 2002), while others 

have explicitly identified cognitive skills such as the inhibition of dominant meaning 

representations (Gernsbacher, 1990; Gernsbacher & Faust, 1991; Key-DeLyria & 

Altmann, 2016; Novick, Trueswell, & Thompson-Schill, 2005), or verbal working 

memory processes associated with the maintenance and updating of interpretations 

(Caplan & Waters, 1999; Evans et al., 2015; Just & Carpenter, 1992) as the likely 

culprit. Previous work therefore suggests that the success and efficiency of 

reinterpretation processes may depend on both an individual’s experience and 
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knowledge, and the cognitive processes that support the use of this knowledge for 

on-line processing and comprehension. 

 

Working memory 

 

To construct sentence-level meaning representations during sentence processing, 

comprehenders need to maintain previous constituents, their meanings, syntactic 

categories and relationships, and the order they appear in, while processing incoming 

information. It is therefore not surprising that early studies of individual differences in 

language processing have focused on working memory – the capacity to maintain, 

update, and shift between mental representations (e.g. Baddeley & Hitch, 1974; 

Engle, Cantor, & Carullo, 1992; Just & Carpenter, 1980; see e.g.  Baddeley, 2012, for 

an overview). Readers with a limited capacity for the maintenance of representations 

may be at a disadvantage when they need to integrate information (e.g. Daneman & 

Carpenter, 1980; Daneman & Merikle, 1996). Working memory capacity may be 

particularly relevant for the recovery from misinterpretations (e.g. in “The plant had 

been difficult to build”), as a previously established sentence-level meaning 

representation containing the dominant “botanical organism” meaning of “plant” needs 

to be maintained, and then updated with the subordinate “factory” meaning” (e.g. 

Gunter, Wagner, & Friederici, 2003; Miyake et al., 1994; Twilley & Dixon, 2000). 

Results from previous studies of the role of working memory in sentence processing 

and ambiguity resolution are mixed, and their interpretation has often been subject to 

heated debates among researchers with different theoretical views on working 

memory (see e.g. Just & Carpenter, 1992; Waters & Caplan, 1996b).  

 

Early evidence for effects of working memory capacity on the recovery from 

semantic garden-paths comes from the study reported Daneman and Carpenter 

(1983), in which participants were presented with a passage that required the 
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reinterpretation of the meaning of an ambiguous word.  The authors measured 

participants’ verbal working memory capacity using a “reading span” task, in which 

participants read aloud a sequence of sentences, and were then asked to recall the 

last word of each sentence after the sequence had ended (Daneman & Carpenter, 

1980). Span scores indicated the maximum task difficulty level at which a participant 

was still able to recall the target words. They found that individuals with smaller 

reading spans tended to be most negatively affected by the presence of a semantic 

garden-path, showing an average accuracy difference between ambiguous and 

unambiguous passages of 54% across two experiments. In contrast, garden-path 

effects for readers with intermediate or high reading spans were smaller (42% and 

27% on average, respectively). In addition to these effects of working memory 

capacity on the outcomes of interpretation processes, Daneman and Carpenter 

(1983) also reported reading time data. Their experiments used a self-paced reading 

paradigm, in which readers trigger the presentation of each word of a sentence one-

by-one by a button press, allowing the researchers to directly investigate reading 

times of critical words (e.g. the disambiguating region). Overall, there was a group-

level garden-path effect on reading times for this region, without an interaction with 

working memory capacity. This result thus suggests that readers were generally able 

to detect an inconsistency in the ambiguous passages, and that the garden-path effect 

on reading times was similar in magnitude across reading span groups. The authors 

claimed their results showed that even readers with limited working memory capacity 

were sensitive to inconsistencies during online processing, but – judging by their lower 

comprehension accuracy – they were not always able to successfully complete 

reinterpretation processes. The question of whether working memory capacity has an 

effect only on off-line comprehension processes, or also during on-line processing 

has been a contentious issue.   
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In contrast to the lack of working memory effects on on-line processing 

reported by Daneman and Carpenter (1983), Miyake, Just, and Carpenter (1994) 

reported that high-span readers experienced smaller garden-path effects on their 

reading times compared to low-span readers. Semantic garden-paths like “Since Ken 

really liked the boxer, he took a bus to the nearest pet store to buy the animal” and 

matched sentences containing an unambiguous word were presented, and reading 

times at the disambiguating region (“pet store to buy the animal”) compared across 

conditions. The authors argued that due to their limited working memory capacity, 

low-span readers were not able to simultaneously maintain both potential meanings 

of the ambiguous word “boxer” as they were processing the remainder of the 

sentence, and therefore spent longer reading the disambiguating region in the 

ambiguous compared to the unambiguous condition (see illustration in Figure 1.5). In 

contrast, high-span readers were argued to maintain both the “athlete” and “dog” 

meanings, thus experiencing less processing difficulty at the disambiguating region. 

High-span readers were thought not to be disrupted as much in their on-line 

processing by the disambiguating information. The theoretical assumptions 

underlying this interpretation of the data are illustrated in Figure 1.5 below, where it is 

assumed that both high- and low-span readers initially exhaustively activate both 

meanings of “boxer”, but that, due to their smaller working memory capacity, the 

activation for the subordinate meaning decays rapidly for the low-span readers, 

resulting in below-threshold activation upon encounter of the disambiguating region. 

In contrast, the model assumes that the activation of the subordinate meaning is 

maintained above threshold and can therefore easily be accessed and integrated into 

the sentence context for high-span readers. The results were therefore interpreted in 

line with the Capacity Theory proposed by Just and Carpenter (1992), with high-span 

readers having more working memory resources available to maintain multiple 

interpretations simultaneously.  
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Figure 1.6 Illustration of Miyake and colleagues’ (1994) hypothesised activation level 
trajectories for low-span and high-span readers. Adapted from Figure 1 in Miyake, Just, and 
Carpenter (1994).  

 

However, this interpretation of the results proposed by Miyake and colleagues 

(1994) has since been criticised. For example, Balota and colleagues (2001) argued 

that rather than reflecting low-span readers’ inability to maintain meanings over time, 

the results can be interpreted as reflecting their difficulty to integrate low-frequency 

subordinate meanings into the sentence context.  

 

As Waters and Caplan (1996b) point out, it is also not entirely straightforward 

to make predictions about processing differences between high- and low-span 

readers based on Just and Carpenter's (1992) Capacity Theory. For sentences like 

“The plant had been difficult to build”, which are the focus of the present work, 

proponents of Just and Carpenter's (1992) theory would predict that high-span 

readers are able to maintain multiple meanings of the ambiguous word “plant”, while 

this parallel maintenance of multiple representations exceeds the working memory 

capacity of low-span readers. However, the consequences of such differences in 

maintenance strategies are unclear. For example, one could expect high-span 

readers to have maintained the subordinate meaning (which turns out to be the correct 
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interpretation) above threshold, and therefore relatively easily accessible, leading to 

a comparatively smaller disruption by the disambiguating information at “build” (i.e. 

showing a smaller garden-path effect than low-spans, as reported in Miyake, Just, & 

Carpenter, 1994).  However, one could also make the opposite prediction: High-span 

readers may experience a greater cost to their reading time (i.e. a greater garden-

path effect) than low-spans as the maintenance of multiple interpretations is costly. In 

fact, the latter explanation was used by MacDonald, Just, and Carpenter (1992) to 

explain the results of their self-paced reading study on syntactic ambiguity processing, 

which, they argued, was consistent with the predictions of Capacity Theory.  

 

MacDonald and colleagues (1992) presented participants with temporarily 

ambiguous sentences that were ultimately resolved towards a simple syntactic 

structure, e.g. “The experienced soldiers warned about the dangers before the 

midnight raid”, and matched unambiguous sentences. They found that the ambiguous 

sentences were associated with longer reading times compared to the unambiguous 

sentences only for high-span but not for low-span readers. The greater ambiguity 

effect in high-span readers was attributed to their ability to maintain multiple syntactic 

structures (i.e. a main verb and past participle interpretation of “warned”), leading to 

a processing disadvantage due to the cost of working memory maintenance. 

However, these results have since been called into question by Waters and Caplan 

(1996b), who pointed out that there were consistently higher error rates for temporarily 

ambiguous compared to unambiguous sentences for all span groups, suggesting that 

readers of all span sizes were led down the purported garden-path. Waters and 

Caplan (1996b) further argued that MacDonald and colleagues' (1992) results do not 

hold up statistically, and were based on only a small sample of items. 

 

In an attempt to replicate the results reported by MacDonald and colleagues 

(1992), Kemtes and Kemper (1997) compared reading times for syntactically 
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ambiguous sentences that were ultimately resolved towards a high-frequency 

interpretation, e.g. “Several angry workers warned about low wages during the holiday 

season” where the verb “warned” is initially ambiguous (it could either be a main verb 

or a past participle introducing a reduced relative), to those for matched unambiguous 

sentences. In contrast to MacDonald and colleagues (1992), the authors did not find 

evidence that high-span readers maintained multiple interpretations of the ambiguous 

verb. Reading times did not show effects of ambiguity for any of the reading span 

groups they tested. In contrast, when the sentences were resolved towards a less-

frequent and more complex reduced relative structure (e.g. “Several angry workers 

warned about low wages decided to file complaints”), a garden-path effect compared 

to the unambiguous sentences emerged. Crucially, however, the garden-path effect 

was observed for all span groups. Although low-span individuals generally tended to 

be slower readers, these findings thus suggest a minimal role for working memory 

capacity in reinterpretations processes during on-line processing. Working memory 

span also played no role in response accuracy for comprehension questions.   

 

In line with the null findings reported by Kemtes and Kemper (1997), and in 

contrast to the working memory effects on on-line processing observed by MacDonald 

and colleagues (1992), Waters and Caplan (1996b) reported a study in which the 

accuracy of sentence acceptability judgements and reading times for garden-path 

sentences were not significantly affected by readers’ working memory span. At the 

group-level, readers were generally found to experience processing costs related to 

syntactic garden-paths both in terms of their ultimate comprehension of and 

processing time for these sentences, consistent with previous findings of garden-path 

effects (e.g. Christianson et al., 2001; Duffy et al., 1988; Ferreira, 2003; Ferreira & 

Clifton, 1986; Rayner & Duffy, 1986). Crucially, however, these garden-path effects 

were of similar magnitude for readers of varying working memory spans.  
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In critiquing the interpretation of findings and theoretical assumptions made 

by Just and Carpenter (1992), Waters and Caplan (1996b) also developed their own 

theoretical position about the role of working memory in sentence processing. They 

argue for the existence of two separate working memory systems: one responsible 

for automatic syntactic-interpretive processes during on-line sentence processing, 

and a separate working memory pool responsible for post-interpretive, off-line 

processes that is more vulnerable to individual differences in the type of working 

memory capacity measured e.g. by reading span tasks. According to this Separate-

Process view of working memory, high-span readers are not superior in their ability to 

maintain multiple interpretations during on-line processing but instead are at an 

advantage when it comes to maintaining the outcome of interpretive processes for the 

performance of off-line tasks (Caplan & Waters, 1999; Waters & Caplan, 1996b).    

 

The Separate-Process view of working memory proposed by Waters and 

Caplan (1996b) opens up the possibility that the on-line processes involved in the 

detection of the inconsistency in “The plant had been difficult to build” operate in a 

similar manner across individuals, but that off-line, deliberate procedures associated 

with e.g. making a judgement about the sentence or answering a comprehension 

question may be subject to effects of individual variation in working memory capacity. 

As such, one would not expect a garden-path effect on on-line processing time to be 

affected by individual readers’ working memory capacity. However, Waters and 

Caplan's (1996b) theory is quite vague about the demarcation between “automatic” 

or “interpretive”, versus “conscious” or “post-interpretative” processes. It is therefore 

unfortunately difficult to make clear predictions about the influence of working memory 

capacity in different tasks or different processes based on this theory.  

 

Other failures to replicate the working memory effects reported by MacDonald 

and colleagues (1992) notwithstanding, a study reported by Pearlmutter and 
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MacDonald (1995) found a similar pattern of results, suggestive of effects of working 

memory span on on-line sentence processing. Temporarily ambiguous sentences that 

were ultimately resolved towards a simple structure (e.g. “The soup cooked in the pot 

but was not ready to eat”) were presented in a self-paced reading task. Comparing 

reading times with matched unambiguous sentences, the authors found that high-

span, but not low-span, readers experienced processing difficulty at the 

disambiguating regions (“in” and “but”). However, in contrast to MacDonald and 

colleagues (1992) and Just and Carpenter (1992), the authors argued that these 

results were not driven by high-span readers’ ability to maintain multiple syntactic 

structures in parallel, but that instead they were more sensitive to plausibility 

information in the sentence, and able to use their knowledge of such probabilistic 

constraints during online processing. As pointed out by Waters and Caplan (1996b), 

the increased ambiguity-related processing difficulty for high-spans reported by 

MacDonald and colleagues (1992) was observed only for the final word in the 

sentence (e.g. “raid” in “The experienced soldiers warned about the dangers before 

the midnight raid”), and was therefore not specific to encountering any disambiguating 

information. Consistent with Pearlmutter and MacDonald's (1995) sensitivity 

explanation, the additional reading time for high-span readers that was observed by 

MacDonald and colleagues (1992) may reflect metalinguistic strategies once they had 

finished reading the sentence, e.g. due to greater awareness of the presence of a 

potential ambiguity or a comprehension monitoring or “checking” mechanism 

anticipating the answer to comprehension questions.  

 

There is also more recent evidence to suggest a causal role for working 

memory capacity in garden-path recovery. Novick and colleagues (2014) trained 

participants on a range of tasks, including working memory tasks. Pre- and post-

training, participants completed a syntactic ambiguity resolution task, in which each 

sentence was followed by a comprehension question probing the outcome of 
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interpretation processes. Those individuals who responded to the training on an n-

back task (a measure of working memory) showed gains on comprehension accuracy 

for the ambiguous sentences, and also showed shorter reading times than before 

training. This training study provides some tentative evidence for a causative role of 

executive functions like working memory in syntactic ambiguity resolution. 

 

Although different models of working memory make different assumptions 

about the number of different systems involved, their domain-generality or specificity 

to the language system, and the nature of limitations in a working memory capacity, 

they generally agree that language comprehension is supported by a temporary 

workspace that can maintain and manipulate information. As discussed previously, 

successful comprehension of sentences such as “The plant had been difficult to build” 

requires the ability to revise (or “update”) an initial meaning selection, and use 

disambiguating context to activate and integrate an initially discarded meaning of the 

ambiguous word. The models of working memory discussed above would therefore 

all predict that a readers’ working memory capacity may affect the recovery from 

semantic garden-paths, either at the level of on-line processing, or at the level of off-

line comprehension measures.  

 

Inhibition 

 

As discussed in Section 3., recovering from a semantic garden-path as in “The plant 

had been difficult to build” requires the suppression of an initially selected but 

contextually inappropriate word meaning representation. This suppression 

component to garden-path recovery may therefore be dependent on inhibitory control 

processes. Moving away from capacity theories to explain differences in language 

processing and comprehension, Hasher and Zacks (1988) instead developed a 

framework that views as central to working memory the ability to selectively attend to 
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relevant information, whilst inhibiting irrelevant information. In their work focusing on 

cognitive ageing, they suggest that an increase in the contents of long-term memory 

due to greater experience may mean that a greater amount of stored information can 

compete for activation during processing. Hasher and Zacks (1988) assume that 

ageing is associated with a decrease in inhibitory control, leading to weaker 

information encoding and stronger competition between related information, thus 

ultimately contributing to higher rates of forgetting among the elderly. In their review 

of the literature, they point out evidence for a greater number of memory intrusions, 

the addition of irrelevant details during conversations, greater number of false 

memories and increased interference in Stroop tasks with older age. The authors 

suggest that these phenomena may be a consequence of decreased inhibitory control 

with age, or instead may reflect compensatory strategies as greater reliance on easily 

accessible information may mitigate retrieval problems. Although the focus of Hasher 

and Zacks' (1988) argumentation are effects of older age on inhibitory control, these 

processes may also be subject to variation across younger adult populations.  

 

For example, Gernsbacher and her colleagues have specifically proposed that 

young adult readers vary in their ability to suppress irrelevant word meanings (e.g. 

Gernsbacher & Faust, 1991; Gernsbacher, Varner, & Faust, 1990; Gernsbacher et 

al., 1990). Very much in contrast to the proposal by Just and Carpenter (1992) that a 

high working memory span allows readers to maintain multiple interpretations during 

processing, Gernsbacher and colleagues have focused on purported advantages for 

skilled comprehenders due to their ability to deselect and suppress irrelevant 

information.  

 

Evidence for the importance of inhibitory control for skilled comprehension 

comes from a priming paradigm using a semantic relatedness judgement task. Rather 

than measuring participants’ inhibitory control and relating this measure to reading 
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times on complex sentences, in the experiments reported by Gernsbacher and 

colleagues, readers were divided into groups of highly-skilled and less-skilled 

comprehenders on the basis of their performance on an unrelated reading 

comprehension test. The main task in Experiment 4 reported by Gernsbacher, Varner, 

and Faust (1990) involved sentences that contained an ambiguous word, and a 

priming manipulation to test whether participants were able to successfully suppress 

the meaning of the ambiguous word that was irrelevant to the sentence context. For 

example, participants read sentences like “He dug with the spade”, which clearly 

disambiguates “spade” towards its “digging implement” meaning, one word at a time 

in a self-paced reading paradigm. After the last word of the sentence, a target word 

that was semantically related to the contextually irrelevant meaning of the ambiguous 

word (e.g. “ACE”) was presented for a semantic relatedness judgement. Results from 

Gernsbacher, Varner, and Faust (1990) suggest that immediately after encountering 

the sentence, the contextually irrelevant meaning of “spade” was still active and 

produced interference (i.e. longer response times to reject the target words when the 

followed an ambiguous word compared to an unambiguous word, e.g. “shovel”). 

Importantly, this interference effect was observed for both high- and low-skilled 

comprehenders, suggesting that neither group had successfully suppressed the 

contextually inappropriate meaning at this stage. However, when target words were 

presented at an 850 ms delay after the sentence, high-skilled comprehenders no 

longer experienced an interference effect, suggesting that they had suppressed the 

meaning of “spade” that did not fit the sentence context. In contrast, low-skilled 

comprehenders still showed an interference effect at this interval, which the authors 

interpreted as evidence for poor suppression skill.  

 

Using a different paradigm, Gernsbacher, Robertson, and Werner (2001) 

report similar results. Participants were presented with sets of two sentences. They 

were asked to make a sentence classification (Does this sentence make sense?) 
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about a target sentence (e.g. “She blew out the match”), which followed a prime 

sentence. When the prime sentence was consistent with the meaning of the 

ambiguous word in the target sentence (e.g. “She lit the match”), there was a reliable 

response time and accuracy benefit compared to when the prime sentence was 

neutral (e.g. “She saw the match”) for high-skilled comprehenders. This finding was 

taken as evidence that high-skilled comprehenders had successfully enhanced their 

activation of the “firestick” meaning of “match” as they read the first sentence. On the 

flipside of this effect, high-skilled comprehenders experienced costs to their response 

time and accuracy rate when the prime sentence was inconsistent with the meaning 

of the ambiguous word in the target sentence (e.g. “She won the match”) compared 

to when the prime was neutral. This condition is reminiscent of the garden-path effects 

discussed above; here, readers were explicitly primed to select the “sports game” 

meaning of “match” when reading the target sentence (“She blew out the match”), and 

had to suppress the initially selected meaning and integrate the alternative meaning 

into the sentence context to generate a coherent sentence-level meaning 

representation. Although low-skilled comprehenders also experienced an 

enhancement benefit in the consistent condition, there was no cost to their response 

times or accuracy rates in the inconsistent condition. Gernsbacher, Robertson, and 

Werner (2001) interpreted this finding as support for the idea that less-skilled 

comprehenders have poor suppression skills; as they did not suppress the irrelevant 

“firestick” meaning during reading of the first sentence, they did not experience 

interference from it when they read the second sentence.  

 

An alternative explanation for these results, however, is that both groups were 

primed by the “sports game” meaning in the first sentence, but that the cost to 

response time and accuracy for high-skilled comprehenders stemmed from their 

attempts to reinterpret the meaning of the second sentence. In contrast, the absence 

of accuracy and response time costs for low-skilled readers may indicate that they did 
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not attempt to reinterpret this meaning. In the consistent condition, no such 

reinterpretation was necessary, and automatic lexical priming allowed for an accuracy 

and response time benefit. Similarly, the results reported by Gernsbacher, Varner, 

and Faust (1990) can be explained by low-skilled comprehenders’ lower sensitivity to 

contextual constraints, as argued by e.g. Pearlmutter and MacDonald (1995) and 

MacDonald and Christiansen (2002). 

 

In her Structure Building Framework, Gernsbacher assumes that greater 

comprehension skill is linked to a greater ability to suppress irrelevant information 

(Gernsbacher, 1990). It is important to note that the arguments put forth in this 

framework make predictions opposite to those by Just and Carpenter's (1992) 

Capacity Theory. In the Structure Building Framework, it is lower-skilled 

comprehenders who maintain multiple interpretations unnecessarily due to their 

comparatively poor suppression skills. In the sentence “The plant had been difficult to 

build”, good comprehenders’ superior suppression skill may therefore allow them to 

suppress the initially unselected subordinate meaning of “plant” (“factory”) more 

rapidly and efficiently. However, this means that upon encounter of the 

disambiguating information at “build”, these readers now need to re-activate the 

“factory” meaning, leading to a garden-path effect of longer reading times for this 

region in ambiguous compared to unambiguous sentences. In contrast, owing to their 

poor suppression skills, less-skilled comprehenders may have instead never fully 

suppressed the “factory” meaning and may thus be able to access it more easily, 

leading to a comparatively smaller garden-path effect. However, inhibitory control is 

also required at the reinterpretation stage, where the initially selected dominant 

meaning needs to be suppressed. Comprehenders with superior suppression skill 

may be able to more efficiently suppress this irrelevant meaning, and thus benefit 

from more efficient reinterpretation processes. The consequences of the theoretical 
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assumptions made by this suppression-based view for the processing of sentences 

like “The plant had been difficult to build” are unfortunately unclear.  

 

Other researchers have also provided evidence that inhibitory control 

processes are crucial for the recovery from misinterpretations. For example, Vuong 

and Martin (2014) asked participants to make grammaticality judgements about 

syntactic garden-path sentences (e.g. “While the man coached the woman attended 

the party by herself”). Crucially, these sentences are only correctly perceived as 

grammatical if the ambiguity of “coached” is successfully resolved. The authors found 

that the accuracy of grammaticality judgements was moderately correlated (r = .37) 

with participants’ scores on a verbal Stroop task, suggesting that inhibitory processes 

may play a role in the recovery from misinterpretations. Strong evidence for a 

potentially causal relationship between inhibitory control and the processing of 

syntactic garden-paths comes from Hsu and Novick (2016), who found that the 

engagement of cognitive control processes during performance on a Stroop task was 

beneficial for the recovery from a misinterpretation. Similarly, Novick, Hussey, 

Teubner-Rhodes, Harbison, and Bunting (2014) argued that training the ability to 

resolve representational conflict improved the efficiency of reading ambiguous 

sentences.  

 

Understanding the sentence “The plant had been difficult to build” requires the 

ability to reject and suppress an initially incorrectly selected meaning representation 

for the ambiguous word “plant”. As previous evidence suggests that readers vary 

substantially in their suppression skills, and that these skills may also be related to 

the recovery from misinterpretations, one might therefore predict that the ability to 

successfully and efficiently reinterpret such semantic garden-path sentences depends 

on readers’ inhibitory control.   
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Age  

 

It has previously been argued that age-related declines in working memory resources 

and inhibitory control can affect on-line sentence processing as well as off-line 

comprehension measures (e.g. Dagerman, MacDonald, & Harm, 2006; Hasher & 

Zacks, 1988; Lee & Federmeier, 2011; Payne et al., 2014; Payne & Stine-Morrow, 

2014; Stine-Morrow, Shake, Miles, & Noh, 2006). Previous research suggests that 

there are substantial neurobiological changes with age that may affect a range of 

cognitive processes. In particular, the frontal lobes, which are engaged in language 

processes that include reinterpretation (see Rodd et al., 2015, for a review) show 

reductions in white and grey matter volume (Moseley, 2002; Raz et al., 2005; Resnick, 

Pham, Kraut, Zonderman, & Davatzikos, 2003), and white matter integrity (Head, 

2004) across the lifespan. Such age-related changes in frontal lobe structure have 

been associated with detrimental effects on processing speed (Salthouse, 1991), and 

inhibitory processes (Hasher & Zacks, 1988). Additionally, older age has been 

associated with working memory decline (Dobbs & Rule, 1989; Just & Carpenter, 

1992; Wang et al., 2011). Less directly, sensory acuity has also been found to decline 

with increasing age, which may affect higher-level processing further downstream 

(e.g. Dagerman, MacDonald, & Harm, 2006; Murphy, McDowd, & Wilcox, 1999; 

Pichora-Fuller & Singh, 2006; Schneider, Daneman, & Murphy, 2005; Schneider & 

Pichora-Fuller, 2000). Advancing age could therefore result in deleterious effects on 

language comprehension processes that rely on these cognitive skills. 

 

For example, Dagerman, MacDonald, and Harm (2006) have argued that 

older adults do not make efficient use of prior context on-line to resolve lexical 

ambiguities. In their study, participants listened to sentence fragments that contained 

an ambiguous word, which could either be interpreted as a noun or a verb. 

Immediately preceding context was either supportive of the noun- or the verb-
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interpretation. Participants were then visually presented with the final word of the 

sentence, and asked to name the word as quickly as they could. Naming times of 

younger adults (mean age of 20 years) showed a clear effect of context, while such 

an effect was absent in the older group (mean age of 73 years).  

 

Other studies have shown that older adults may also not make efficient use of 

subsequent context to reinterpret word meanings. Lee and Federmeier (2011) 

measured electrophysiological responses during presentation of sentences in which 

an ambiguous word was followed by disambiguating information. Younger 

participants (mean age 19 years) showed the expected garden-path effect (compared 

to processing of matched unambiguous words) in the form of an N400 negativity. The 

same effect was smaller in magnitude and shorter in duration for the older group 

(mean age 66 years). Similarly, Meyer and Federmeier (2010) report that when 

presented with single-word contexts that are biasing towards a particular meaning of 

an ambiguous word (e.g. RIVER – BANK), older adults were less likely to engage in 

controlled reinterpretation processes when they encountered disambiguating 

information that followed the ambiguous word (e.g. RIVER – BANK – DEPOSIT). 

Corroborating this evidence, Malyutina and den Ouden's (2016) sentence-picture 

matching task revealed that older adults (mean age 66) were more likely to engage 

in good-enough processing, and willing to accept less-than-perfect syntactic parses 

of sentences like “While the man hunted the deer ran into the woods” compared to 

younger adults (mean age 22). Taken together, this evidence suggests that older 

adults may be less inclined to engage in costly reinterpretation processes compared 

to younger adults. 

 

A study by Kemper, Crow, and Kemtes (2004) found that older adults did 

engage in reinterpretation processes, but that their reading behaviour differed from 

that observed for younger adults. Participants read sentences containing verbs that 
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were resolved towards a complex reduced relative structure (e.g. “The experienced 

soldiers warned about the dangers conducted the midnight raid”). Compared to 

matched unambiguous sentences, both younger (mean age 19) and older adults 

(mean age 75) showed the expected garden-path effect on reading times of the 

disambiguating information (“conducted”). While younger adults made only few 

leftward, regressive eye movements back to previous portions of the sentences, older 

adults were more likely to re-fixate the subject region (“soldiers”) in ambiguous 

compared to unambiguous sentences. This finding suggests that older age may not 

have an effect on reading behaviour during a first-pass through the sentence, but that 

processes related to the recovery from a misinterpretation (reflected in physical re-

reading behaviour) may be subject to age-related change. When measures of working 

memory span were included in the analysis, the differential effects of age on rereading 

behaviour disappeared. Working memory capacity was not found to affect first-pass 

processing but low-span readers made more regressive eye movements specifically 

in the ambiguous sentences. Interactions of age and working memory span were not 

statistically significant, which may tentatively suggest that the originally observed age 

effects can be entirely explained by a decline in working memory, or that working 

memory measures and age tapped into the same underlying construct (e.g. inhibitory 

control, or processing speed). Overall, the results from this study suggest that older 

adults, or low-span readers more generally, may be less efficient than younger or 

high-span readers in recovering from a misinterpretation during a first-pass through 

the sentence, and may instead need to rely on physical re-reading to complete 

reinterpretation processes.  

 

In contrast, evidence reported by Evans and colleagues (2015) suggests that 

age may have an effect on on-line, first-pass reading behaviour for sentences that 

require reinterpretation. Participants between ages 18 and 90 read sentences or 

passages that contained portions that needed to be reinterpreted for accurate 
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comprehension (e.g .“After the hunter shot the deer ran away”). Analyses of reading 

times on the critical verb “ran” revealed the expected garden-path effect, with longer 

reading times in the syntactically ambiguous sentences compared to unambiguous 

controls. Importantly, the sentence type (ambiguous/unambiguous) interacted with 

readers’ age and processing speed, with older readers and those with slower 

processing speed experiencing comparatively greater garden-path effects. In contrast 

to Kemper, Crow, and Kemtes (2004), there was no indication to suggest that working 

memory capacity (measured by Alphabet Span, Subtract-2 Span, and Sentence Span 

measures) affected on-line processing over and above the effects of age or 

processing speed. Interestingly, Evans and colleagues (2015) also report a positive 

effect of age on the accuracy of comprehension questions about syntactic garden-

path sentences. Older adults may have used a different task performance strategy 

(i.e. a different trade-off between speed and accuracy of performance) than younger 

adults, e.g. by relying on more careful reading to fulfil the task. This explanation seems 

at odds with studies suggesting that older adults may be more prone to a “risky” 

reading strategy that involves a greater likelihood of skipping words (Rayner, Reichle, 

Stroud, Williams, & Pollatsek, 2006). Alternatively, the greater accuracy for older 

adults may be explained by their greater garden-path effects if we assume that these 

effects could be indicative of the detection of a processing difficulty and its resolution. 

Unfortunately, Evans and colleagues (2015) do not report a correlation analysis that 

could indicate a potential positive relationship between accuracy rates and the 

magnitude of the garden-path effect on the critical sentence region.  

 

Although advancing age has generally been associated with the decline of 

various cognitive skills, there is also evidence to suggest that the integrity of semantic 

representations may be resistant to such age-related decline. Vocabulary knowledge, 

word associations, and semantic priming effects have been found to be well-

preserved in older age (Burke & Harrold, 1993; Burke & Peters, 1986; Howard, 1980). 
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This stability in lexical-semantic knowledge, in addition to the increased experience 

with language comprehension that comes with older age, may in fact have positive 

effects on the ability to recover from misinterpretations. For example, Balota and 

colleagues (2001) suggest that the reported age-related declines in working memory 

and processing speed are in fact offset by greater experience with language.  

 

In contrast to much of the literature discussed above, other studies have found 

that older adults’ ability to rapidly use context to select appropriate meanings of 

ambiguous words is preserved (Hopkins, Kellas, & Paul, 1995; Swaab, Brown, & 

Hagoort, 1998). In a priming experiment, Hopkins and colleagues (1995) presented 

participants visually with sentences that ended in an ambiguous word, with previous 

context either disambiguating the word towards its dominant, or towards its 

subordinate meaning. Participants were then asked to read and name a single target 

word, which was either unrelated to the sentence meaning, related to the dominant 

meaning of the ambiguous word, or related to its subordinate meaning. Both younger 

(mean age 20 years) and older (mean age 69 years) participants named targets that 

were unrelated to the prime sentence more slowly than targets that were related (i.e. 

showing a priming effect). Both groups also demonstrated effects of bias type on 

naming times, with target words that were related to the dominant meaning named 

faster than target words related to the subordinate meaning, irrespective of the context 

bias in the prime sentence. For both groups, naming times for contextually 

inappropriate target words were similar compared to those for entirely unrelated target 

words. These findings were interpreted as support for a preserved ability to use 

context-dependent meaning activation in older adults, and in opposition to the 

hypothesis that the ability to inhibit contextually inappropriate meanings declines with 

age.  
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Christianson, Williams, Zacks, and Ferreira (2006) asked younger and older 

readers to read garden-path sentences like “While the man hunted the deer ran into 

the woods”. Although older adults tended to read sentences more slowly than younger 

adults, garden-path effects on reading times were not modulated by readers’ age. 

Similarly, Kemtes and Kemper (1997) compared reading times for syntactically 

ambiguous sentences that involved the need for reinterpretation to unambiguous 

sentences, for a group of younger (aged 18-25) and a group of older adults (aged 63-

84). Generally, older adults were slower readers but both groups experienced a 

significant garden-path effect, with slower reading times for ambiguous compared to 

unambiguous sentences. As both of these studies suggest, the effects of garden-

paths on on-line processing may be preserved for older readers. Christianson and 

colleagues (2006) also found that the reliance on good-enough processing in their 

task was not affected by age; participants were generally more likely to answer 

comprehension questions like “Did the man hunt the deer?” incorrectly (“Yes”) for 

ambiguous compared to unambiguous control sentences, but, crucially, older readers’ 

comprehension accuracy was not affected any more or less by a garden-path 

compared to younger readers’ comprehension. 

 

Overall, there is mixed evidence for the effects of age on the recovery from 

misinterpretations. Older adults’ comprehension and on-line processing of semantic 

garden-paths like “The plant had been difficult to build” may be impeded by a 

weakness in inhibitory control, a decline in working memory, or slow-down in 

processing speed, which may affect the ability to rapidly and incrementally build up 

sentence-level meaning representations and engage in efficient reinterpretation 

processes. On the other hand, older readers’ vocabulary knowledge and language 

experience may allow them to access and integrate the contextually appropriate 

meaning of “plant” with relative ease, thus potentially compensating for any age-

related declines in other cognitive function. 
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Experience 

 

Evidence for the role of experience in language processing, and in the recovery from 

misinterpretations, comes from studies of populations that have by their nature not 

received as much exposure to relevant linguistic material compared to adult native 

speakers (e.g. children or non-native speakers), or psychometric approaches 

whereby adults’ language processing and comprehension is related to individual 

differences measures of language experience and knowledge.   

 

Evidence from research with less-experienced populations 

Jacob and Felser (2016) reported an eye-tracking study on syntactic garden-path 

sentences like “While the gentleman was eating the burgers were still being reheated 

in the microwave”. They compared reading behaviour of native speakers of English, 

and non-native speakers, and found that both groups showed garden-path effects on 

their reading times of similar magnitude during a first-pass through the sentence. 

However, reminiscent of the results reported for older adults by Kemper, Crow, and 

Kemtes (2004), later eye movement measures showed an effect of group, with non-

native speakers spending longer re-reading the sentences. Misinterpretations were 

also more likely to persist for non-native speakers, as indicated by lower accuracy on 

comprehension questions (e.g. Was the gentleman eating the burgers?). The results 

thus suggest that the additional experience of native speakers may have afforded 

them greater efficiency and success in reinterpretation.  

 

Children, who are less experienced language users than adults, have also 

been found to be comparatively less effective at reinterpretation. For example, 

Trueswell, Sekerina, Hill, & Logrip (1999) presented participants with a set-up of 

different objects, and gave them instructions to move these objects to specific 
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locations (e.g. “Put the frog in the box”). Crucially, the instructions were sometimes 

ambiguous with regard to the correct final destination of the object (e.g. “Put the frog 

on the napkin in the box”). Adults were sensitive to a manipulation of context. They 

were more likely to interpret the sequence “on the napkin” as a modifier of “frog” in a 

condition where there were two potential frog referents (one sat on a napkin, one by 

itself) to choose from. However, when there was only one frog, adults were led down 

the garden-path, and initially interpreted “on the napkin” as the intended destination 

for the frog, as indicated by increased eye fixations at the napkin that were only slowly 

replaced by fixations at the correct destination. Adults made only few errors when 

actually moving the items around, suggesting that although they were led down a 

garden-path, they were able to recover from it successfully. In contrast, a group of 5-

year-olds did not seem to be sensitive to the context manipulation, and tended to treat 

“on the napkin” as a destination, irrespective of whether or not the context may have 

made a modifier interpretation more likely (indicated by increased fixations on the 

napkin compared to the correct destination). Crucially, their act-out performance 

indicated that even in their final comprehension of the instructions, the children tended 

to stick with the destination interpretation of “napkin”, and were not able to recover 

from their misinterpretation easily.  

 

Similar results were reported by Wonnacott, Joseph, Adelman, and Nation 

(2016), who found that young readers were likely to misinterpret garden-path 

sentences like “While Anna bathed the baby played in its cot” even when a comma 

was used to disambiguate the critical verb (i.e. “While Anna bathed, the baby played 

in its cot”). Older children (aged 10-11) were marginally better at using the comma 

cue to disambiguate the sentences than younger children (aged 7-9), suggesting a 

benefit of greater experience with written text and the rules of punctuation. In their 

reading behaviour, both groups of children showed evidence of a classic “garden-path 

effect”, with longer reading times in a region directly adjacent to the disambiguating 
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information. In a comparison between adult and beginning readers aged 9, Joseph 

and Liversedge (2013) also found that children seemed to detect the inconsistency at 

the disambiguating information at the following sentence region, not the region that 

contained the disambiguating information itself. As adult readers showed a garden-

path effect at the disambiguating region, the authors argued that the detection of 

processing difficulties may be delayed in beginning readers.  

 

The results discussed above suggest that children seem to struggle with 

reinterpretation. At this stage, however, it is unclear whether children’s increased 

likelihood of misinterpreting garden-paths and their comparatively sluggish 

reinterpretation processes are related to underdeveloped cognitive skills such as 

working memory capacity or inhibitory control, or a lack of experience with linguistic 

material. The finding that non-native speakers show similar problems with garden-

path interpretation may tentatively suggest that it may be greater experience with 

language that ultimately leads to the knowledge of appropriate recovery strategies, or 

more efficient processing. The following sections discuss research evidence and 

theoretical perspectives on language processing that suggest that the effectiveness 

and efficiency of (re)interpretation processes relies on the development of robust 

knowledge representations through experience. 

 

Evidence from psychometric studies 

Results from two studies on individual differences in adults’ sentence processing 

suggest that experience or crystallised knowledge may play a greater role in garden-

path recovery than executive control functions such as working memory or inhibitory 

control. Van Dyke, Johns, and Kukona (2014) tested a community sample of 

adolescents (aged 16 – 24) on a dual-task paradigm that included a memory load 

component and a reading task. Before presentation of a sentence, participants were 

on some trials asked to memorise three words. They then read syntactically complex 
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sentences such as “It was the boat that the guy who lived by the sea sailed in two 

sunny days” or “It was the boat that the guy who lived by the sea fixed in two sunny 

days”, and answered a comprehension question about the sentence content. 

Crucially, the three words in the memory load condition were either entirely unrelated 

to the sentence, or were potential direct objects for the main verb (e.g. table-sink-truck 

are all fix-able but not sail-able objects, and are therefore assumed to create 

interference when trying to retrieve a direct object for “fixed”).  

 

The authors reported that readers with high working memory spans reacted 

differently to the presence of interference than those with lower spans. In particular, 

the interference effect (lower accuracy when there was memory interference than 

when the memory items were unrelated to the sentence) on comprehension accuracy 

was more pronounced for low-span than for high-span readers. However, analyses of 

other individual difference variables revealed similar patterns on reading times and 

comprehension accuracy, suggesting that working memory capacity was not the sole 

factor interacting with the demands of the task. In a factor analysis, working memory 

capacity also did not emerge as an independent factor. The variance in 

comprehension accuracy explained by working memory was shared by the IQ factor, 

and after partialling out this shared variance, working memory no longer accounted 

for a significant amount of variance in comprehension. The authors therefore argued 

that working memory capacity is only “spuriously related” to comprehension. Instead, 

they found that after shared variance with IQ was partialled out, only a single one of 

their individual differences measures remained significant in the critical three-way 

interaction with interference and memory load: Vocabulary knowledge. Readers with 

comparatively poor vocabulary knowledge tended to be less accurate in answering 

comprehension questions when there was retrieval interference, and this interference 

effect was more pronounced than for readers with greater vocabulary knowledge. Van 

Dyke and colleagues (2014) interpreted these results as evidence against a theory of 
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language processing that is based on resource limitations, and instead as support for 

a cue-based retrieval interference account. The finding that reading comprehension 

depended on an interaction of memory interference and readers’ vocabulary 

knowledge suggests that memory retrieval is a crucial component of reading 

comprehension.  

 

Investigating the role of individual differences in the recovery from garden-

path sentences specifically, Engelhardt, Nigg, and Ferreira (2017) also found 

evidence that factors related to the retrieval of lexical representations are crucial for 

comprehension. They tested a community sample of adolescents and younger adults 

(aged 14 – 37) on a range of different individual differences measures, and identified 

IQ (which included vocabulary knowledge), inhibitory control, and processing speed 

as unique factors. Participants read garden-path sentences (e.g. “While Anna dressed 

the baby that was small and cute spit up on the bed”), and matched unambiguous 

sentences (e.g. “The baby that was small and cute spit up on the bed while Anna 

dressed”), and answered comprehension questions (e.g. Did Anna dress the baby?). 

The authors related participants’ accuracy on comprehension questions to the 

individual differences measures. Results revealed a (marginally significant at p = .053) 

interaction of the Intelligence factor with ambiguity; the positive correlation between 

comprehension accuracy and Intelligence was stronger for the ambiguous garden-

path sentences compared to the unambiguous sentences. In contrast, the Inhibition 

factor was not found to interact with ambiguity, suggesting that inhibitory control was 

not crucial for garden-path recovery, and that the variance in comprehension 

explained by inhibition may be shared with a more general Intelligence factor. When 

investigating individual components of the Intelligence factor more specifically, there 

was a main effect of vocabulary knowledge on comprehension (with greater 

vocabulary knowledge associated with greater accuracy), and an interaction that, 

although it did not reach statistical significance (p = .076), followed the same pattern 
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as the interaction with the Intelligence factor. In addition to the Intelligence factor, 

processing speed was also found to interact with ambiguity; slower processors 

showed a greater garden-path effect on their comprehension accuracy. Engelhardt 

and colleagues (2017) suggested that the greater disruption caused by garden-paths 

for readers with slower processing speed may be explained by the decay of alternative 

syntactic analyses, while individuals who are faster processors may be able to 

maintain multiple interpretations for the duration of their processing of a sentence.  

 

Alternatively, the vocabulary and processing speed results can be interpreted 

as two sides of the same coin. Reading is a sequential process that requires the 

incremental integration of words into sentence-level representations. Effective 

processing of sentences therefore relies on lexical representations being accessed, 

while memory traces of previous sentence material are still active and available for 

integration. Slow lexical processing speed may therefore affect higher-order 

processes like comprehension, as information from earlier processes may have 

decayed by the time it needs to be integrated with information from later processes. 

Alternatively, when lexical access processes are slow, they may require additional 

processing resources that then become unavailable for higher-level integration 

processes (e.g. Perfetti, 1985). In fact, Joshi and Aaron (2000) have argued that 

current models of reading may need to be supplemented by a lexical processing 

speed factor. Processing speed has also been found to be uniquely predictive of 

comprehension in children (Borella, Carretti, & Pelegrina, 2010; Borella & de 

Ribaupierre, 2014; Lee Swanson, Howard, & Saez, 2006; Joshi & Aaron, 2000); the 

literature on adult readers, however, is scarce.  

 

Sentences that require recovery from a misinterpretation may be particularly 

reliant on sufficient lexical processing speed – to understand “The plant had been 

difficult to build”, the processing system needs to detect an inconsistency at the 
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disambiguating information, rapidly suppress the inappropriate meaning of “plant” and 

instead retrieve the alternative meaning, and finally integrate this meaning into a 

sentence-level meaning representation. Faster processing speed may be directly 

linked to faster access to lexical representations, thus allowing readers to build up 

sentence-level meaning representations more rapidly – an advantage for 

reinterpretation, where a new representation needs to be established quickly. The 

results reported by Engelhardt, Nigg, and Ferreira (2017) therefore suggest that the 

efficient execution of meaning revision and establishment of a new sentence-level 

meaning representation may be contingent on a reader’s ability to rapidly retrieve 

strong lexical representations.   

 

The results from these two studies highlight the importance of knowledge 

structures for reading comprehension, and, specifically, for the management of 

interference from irrelevant information and the recovery from misinterpretations. 

They also demonstrate how difficult it is to disentangle the effects of the integrity of 

these knowledge structures, and the efficient operation of retrieval processes that are 

necessary to access them during on-line processing. As such, these findings are 

consistent with an account of individual differences in sentence processing that views 

a reader’s experience or exposure to linguistic material, and associated acquisition of 

robust knowledge structures, as central to the ability to effectively generate stable 

sentence-level meaning representations. 

 

MacDonald and Christiansen (2002) offer a connectionist approach to 

language processing that construes the processing system as a network with layers 

through which activation spreads. In this conception, the whole network contributes 

to language processing; rather than locating working memory as a module or a 

separate entity from the language processing system, the capacity to maintain and 

manipulate linguistic information is assumed to emerge from the operation of the 
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network itself. For example, networks can vary in their capacity due to the number of 

hidden units available, variations in the amount of training a network has received, 

the efficiency with which information is transmitted through the layers, the amount of 

noise in the input, etc. MacDonald and Christiansen (2002) assume that what 

underlies many of the observed individual differences in language processing is 

variation in the experience of networks. The authors also assume that biological 

properties of the network, e.g. the stability of phonological representations or 

processing speed, can affect both how the network learns (and thus establishes new 

knowledge structures), and how it operates during processing. In their network 

perspective, it is difficult to disentangle the effects of experience from those of 

linguistic or cognitive skills as they are all intertwined; language processing skills and 

knowledge grow with experience. Knowledge and network capacity, then, are 

inseparable.  

 

The view that it is linguistic experience that drives individual differences in 

language processing and comprehension is also supported by other researchers. For 

example, Kuperman and Van Dyke (2011) propose that reading difficulties in adults 

may be due to a “cumulative effect of poor experience” (p. 45). A training study 

reported by Long and Prat (2008) also suggested that high-span readers were 

generally more sensitive to plausibility constraints during on-line syntactic processing, 

but – crucially – that low-spans could be trained to show the same sensitivity effects 

after they had received increased exposure to the types of sentences that were tested. 

As MacDonald and colleagues (1994) argue, knowledge about probabilistic 

constraints on sentence processing relies on experience with language. Differences 

in the amount of exposure to language, or the ability to learn from instances of 

language use, can thus lead to individual differences in the effects of constraints such 

as frequency or context on language processing. Readers may differ in their reliance 

on these probabilistic constraints, e.g. it is conceivable that they might be more or less 



BLOTT (2019): DOWN THE GARDEN-PATH AND BACK AGAIN 

105 
 

sensitive to the relative meaning frequency of unbalanced ambiguous words, or more 

or less efficient in using subsequent context to disambiguate these words.  

 

Since the resolution of lexical ambiguity and thus the recovery from semantic 

garden-paths relies on access to lexical information, how this information is 

represented may be critical for the success of reinterpretation processes. The 

integration of word meanings into sentence- or text-level meaning representations is 

a critical process during reading. Knowledge of words forms and their meanings 

therefore forms a vital ingredient to comprehension.  

 

Lexical expertise 

The recovery from semantic garden-paths relies on rapid lexical access and meaning 

selection processes, the capacity to detect a selection error based on subsequent 

context, and the ability to trigger effective reinterpretation processes. As such, these 

processes depend on the quality and accessibility of appropriate lexical 

representations. Individual differences in the ability to access rich lexical 

representations, and to build and maintain elaborated representations of context may 

affect both the efficiency and the effectiveness with which a comprehender can 

recover from a misinterpretation.  

 

In the Lexical Quality Hypothesis, Perfetti and his colleagues have proposed 

that high-quality lexical representations are vital for the integration of words into 

sentence context, and thus ultimately, for sentence comprehension (Perfetti, 2007; 

Perfetti & Hart, 2002; Perfetti & Stafura, 2014). High lexical quality is characterised by 

close connections between multiple aspects of word knowledge (phonological, 

orthographic, and semantic) that are highly elaborated, stable, and redundant (Perfetti 

& Hart, 2002). The hypothesis assumes that the mental lexicon acts as a “pressure 

point” in the language processing system as the output of word identification 
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processes (i.e. word meanings) are simultaneously the input for further 

comprehension processes (i.e. parsing and representation building; Perfetti & Stafura, 

2014). Word-to-text integration ability is therefore thought to critically depend on an 

individual’s knowledge of word meanings, and their ability to use that knowledge 

effectively and efficiently during sentence processing. Weak lexical representations 

may risk difficulty in lexical retrieval, and thus cause disruption to comprehension 

processes further downstream (Perfetti & Stafura, 2014). 

 

Low lexical quality may have particularly detrimental consequences for the 

representation and retrieval of ambiguous word meanings. To resolve lexical 

ambiguity, the ability to distinguish between the meanings of an ambiguous word is 

crucial. Perfetti and colleagues have argued that weaker lexical representation of both 

or either of these meanings may lead to “confusion” (Perfetti & Hart, 2002; Perfetti, 

Yang, & Schmalhofer, 2008). For example, in a semantic relatedness judgement task, 

less-skilled comprehenders (based on assessment of their reading comprehension 

skill with the Nelson-Denny Reading Comprehension test) generally had longer 

response times, and, importantly, experienced more interference from contextually 

irrelevant meanings of ambiguous words compared to highly skilled comprehenders 

(Perfetti & Hart, 2001). These results are consistent with the argument put forth by 

Van Dyke, Johns, and Kukona (2014), who suggested that poorly specified lexical 

representations may lead to the spurious activation of irrelevant information. The 

results are also reminiscent of the findings reported by Gernsbacher and colleagues; 

they argued that less-skilled comprehenders particularly struggle with the suppression 

of irrelevant material (e.g. Gernsbacher & Faust, 1991; Gernsbacher, Varner, & Faust, 

1990). However, according to the Lexical Quality Hypothesis, it is a weakness in 

lexical representation that ultimately underlies this purported weakness in inhibitory 

control. Perfetti and Hart (2002) argue that the confusion that less-skilled 

comprehenders experience is driven by their comparatively weaker lexical 
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representations. They found that when adequate prior sentential context was 

provided, neither the skilled nor the less-skilled group of readers experienced 

interference from contextually inappropriate meanings. As context is assumed to 

boost activation of lexical representations, the beneficial effect of context was taken 

as evidence that the less-skilled comprehenders’ weaker lexical representations were 

strengthened in this condition. Without context, however, the authors argued that 

these readers’ representations were not strong enough to be distinguishable, thus 

leading to interference. If less-skilled comprehenders suffered from a limitation of 

inhibitory control, as suggested by Gernsbacher and her colleagues, context should 

not have been helpful. The Lexical Quality Hypothesis therefore provides an 

alternative interpretation of Gernsbacher and colleagues’ results.   

 

Successful comprehension of semantic garden-paths such as “The plant had 

been difficult to build” requires strong and robust meaning representations for both 

meanings of “plant”. In addition, comprehenders need to engage in reinterpretation 

processes. In their Reading Systems Framework, Perfetti and Stafura (2014) imply 

that readers who need to expend excessive resources on lexical access due to 

weaker lexical representations may only have limited resources available for sentence 

repair processes. The framework would thus predict that individuals who overall tend 

to have lower quality lexical representations struggle with at least two aspects of 

garden-path recovery: the activation and selection of meaning representations of 

“plant”, and the reinterpretation of the sentence meaning. In addition, weaker lexical 

representations may also affect the ability to detect an inconsistency at the 

disambiguating information. For example, readers with high-quality lexical 

representations may be able to expend resources on careful comprehension 

monitoring, which may not be available to those with lower-quality lexical 

representations (e.g. Baker, 1989; Garner, 1980). Individuals may also differ in their 

“standard of coherence”; they might set different criteria for accepting a sentence or 
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text as coherent, contingent on the resources they are willing or able to expend (van 

den Broek, Lorch, Linderholm, & Gustafson, 2001). The likelihood with which a 

reader engages in good-enough processing of semantic garden-paths may 

therefore depend on the quality of their lexical representations  (Ferreira et al., 

2001).  

 

We know that adult readers vary considerably in their knowledge of word forms 

and meanings (e.g. Mainz, Shao, Brysbaert, & Meyer, 2017). However, even within a 

society that relies so heavily on its members’ ability to read, there is substantial 

variation in the amount of exposure that adults have to written texts (e.g. Guthrie & 

Seifert, 1983; Stanovich & Cunningham, 1992; Stanovich & West, 1989). Greater 

exposure to written language provides readers with experience of a greater number 

of language structures, including complex syntactic constructions, and word 

meanings in diverse contexts. Extensive experience with written texts likely improves 

the efficiency of word-to-sentence integration processes, and may enhance the 

knowledge of suitable strategies to resolve processing difficulties (see also arguments 

about the role of experience made in Farmer et al., 2012; MacDonald & Christiansen, 

2002; MacDonald et al., 1994). Readers’ experience with words in different contexts 

also in turn supports the development of high-quality lexical representations (Yee & 

Thompson-Schill, 2016). This “lexical expertise”, readers’ cumulative lexical 

knowledge and experience, may thus influence the ability to recover from 

misinterpretations. 

 

Evidence for effects of vocabulary and print exposure on language 

processing 

A number of studies have found strong links between vocabulary knowledge and text 

comprehension, in both beginning and more experienced readers (e.g. Adlof, Catts, 
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& Little, 2006; Braze, Tabor, Shankweiler, & Mencl, 2007; Cromley & Azevedo, 2007; 

Guo, Roehrig, & Williams, 2011; Landi, 2010; Joshi, 2005; Prat & Just, 2011; Traxler 

& Tooley, 2007; Tunmer & Chapman, 2012). For example, in a longitudinal study, 

Tunmer and Chapman (2012) presented evidence that children’s vocabulary 

knowledge had a direct influence on their future comprehension ability. In fact, some 

studies suggest that vocabulary is a better predictor of reading comprehension than 

other skills such as decoding, spelling or listening comprehension – for both university 

students (Landi, 2010), and for young adults of varying educational backgrounds 

(Braze et al., 2007). During online sentence processing, children with more precise 

lexical representations have also been found to show shorter gaze durations, and less 

pronounced wrap-up effects at clause boundaries, suggesting that greater lexical 

richness allowed for more efficient reading, and in particular, more efficient 

incremental integration (Luke, Henderson, & Ferreira, 2015). 

 

Similarly, exposure to written language has been found to influence reading 

skills. Cunningham and Stanovich (1990) reported that variation in children’s word 

recognition ability was partly explained by print exposure. Later studies also 

suggested a positive effect of exposure to written texts on children’s reading 

development and comprehension (Cipielewski & Stanovich, 1992; Guthrie, Wigfield, 

Metsala, & Cox, 1999; McBride-Chang, Manis, Seidenberg, Custodio, & Doi, 1993). 

Links between young adults’ print exposure and their reading comprehension have 

also been established (Martin-Chang & Gould, 2008). 

 

Research on the role of vocabulary or experience on on-line sentence 

processing in adult readers is unfortunately relatively scarce.  As Engelhardt, Nigg, 

and Ferreira, (2017) suggest, one reason for this scarcity may be that cognitive 

psychologists generally do not tend to find it particularly exciting to investigate the 

effects of acquired knowledge. Although working memory and inhibitory control may 
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seem like more attractive candidates for study, current evidence suggests that neither 

of these constructs may be particularly malleable or responsive to training (e.g. Melby-

Lervåg & Hulme, 2013, 2016; Rode, Robson, Purviance, Geary, & Mayr, 2014; 

Shipstead, Redick, & Engle, 2012). In contrast, vocabulary knowledge can clearly be 

improved with training, and language experience can be increased by providing more 

opportunities for exposure. As such, investigating the effects of “lexical expertise” on 

on-line sentence processing and comprehension may be a fruitful endeavour for those 

interested in the teaching of reading and comprehension, or intervention for struggling 

comprehenders.  

 

There is some evidence to suggest that on-line processing in adults benefits 

from greater word knowledge and print exposure. For example, a training study 

reported by Wells, Christiansen, Race, Acheson, and MacDonald (2009) provided 

evidence that increased exposure to specific sentence structures led to a decrease in 

reading time for these types of structures. Similarly, individuals with greater reading 

experience have been found to read with increased speed, and to process lower-

frequency words in particular with greater efficiency (Payne, Gao, Noh, Anderson, & 

Stine-Morrow, 2012; Taylor & Perfetti, 2016). Highly skilled readers have also been 

shown to benefit from facilitated word recognition and more efficient lexical access 

processes during reading (Ashby, Rayner, & Clifton, 2005). Investigating ambiguity 

resolution in particular, Traxler and Tooley (2007) found evidence from eye 

movements to suggest that readers with greater vocabulary knowledge experienced 

reduced disruption during on-line processing when they encountered disambiguating 

information in a complex syntactic structure (e.g. “Mary saw her sister was having 

trouble in class”).  
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Figure 1.7 Illustration of Twilley and Dixon’s (2000) hypothesised activation level trajectories 
for low-span and high-span readers. Adapted from Figure 13 in Twilley and Dixon (2000). 

 

Consistent with an account of language processing that emphasises the role 

of robust knowledge structures and rapid retrieval processes, Twilley and Dixon 

(2000) suggest that the ability to maintain elaborated representations of contextual 

information may be at the heart of individual differences in ambiguity resolution skill 

(see Figure 1.7). Although they propose that this ability is primarily linked to 

comprehenders’ working memory capacity, the establishment of robust and detailed 

context representations also requires adequate knowledge of vocabulary and rapid 

access to lexical representations. In sentences like “The plant had been difficult to 

build”, readers who are able to construct such context representations with 

comparative ease may therefore be at a disadvantage when it comes to 

reinterpretation. If greater lexical quality allows for resistance against interference 

from irrelevant meanings and rapid word-to-text integration, then readers with greater 

lexical expertise may be able to establish a robust sentence-level meaning 

representation of “The plant had been difficult to” that includes the originally selected 

“botanical organism” meaning of “plant”. Upon encounter of the disambiguating 

information “build”, however, this meaning representation needs to be revised. 
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Although contextual integration skills are usually an advantage in processing, in this 

case, they may prove to be a disadvantage, as at the disambiguating information, 

revision processes must tackle a more stable sentence-level meaning representation. 

Readers with comparatively weaker lexical expertise, on the other hand, may not have 

had the resources or time to build up a robust sentence-level meaning representation, 

and may therefore experience a smaller garden-path effect at the disambiguating 

information. However, higher lexical quality in conjunction with greater experience 

with language may also mean that readers with higher-quality lexical representations 

are more successful and efficient at reinterpretation compared to readers with weaker 

lexical representations, leading to a smaller disruption by unexpected sentence 

content (i.e. smaller garden-path effects).  

 

In summary, there are a variety of factors that may influence adult readers’ on-

line processing and comprehension of semantic garden-paths. Readers with greater 

working memory capacity may benefit from the ability to maintain previous sentence 

content in memory, while greater inhibitory control may allow for more efficient 

suppression of an irrelevant meaning representation. Alternatively, lexical expertise, 

acquired through experience with language, may provide readers with the necessary 

knowledge structures and efficient access processes that underlie the building of 

stable sentence-level representations. Although previous evidence suggests that any 

or all of these factors may be relevant, individual differences in the recovery from 

semantic garden-paths have not yet been investigated.   

 

 

5. The present thesis 

 

Previous studies have shown that the recovery from misinterpretations during reading 

is associated with processing costs. In addition, there is evidence to suggest that 
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readers engage in these costly reinterpretation processes only when necessary, e.g. 

when task performance depends on the generation of elaborated sentence-level 

meaning representations. Importantly, the success and efficiency of reinterpretation 

processes may also depend on an individual reader’s experience, and their ability to 

use their knowledge effectively during on-line processing. There are currently a 

number of open questions about the recovery from ambiguity-related 

misinterpretations:  

 

• What characteristics make a reader an effective and efficient “reinterpreter”? 

Does the extent to which individuals experience garden-path effects depend 

on their exposure and practice with, or knowledge of language? Or does it 

instead depend on the efficiency of their cognitive abilities, such as working 

memory or inhibitory control?  

• What processing mechanisms or reading strategies are used by successful 

reinterpreters? 

• Do individual differences in garden-path recovery also depend on the type of 

task that needs to be performed? Or are garden-path effects consistent across 

individuals and tasks?  

• Do garden-path effects depend on the processing strategies that are available 

to comprehenders? Does the format in which sentences are presented affect 

garden-path recovery? 

 

In short, what are the factors that contribute to successful recovery from 

misinterpretations? The present thesis investigates this question using tasks and 

measures to probe both on-line sentence processing and the outcomes of 

interpretation processes. 
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5.1 Main methodologies and stimuli 

 

To characterise the factors that are involved in successful and efficient garden-path 

recovery, it is important to examine both on-line and off-line aspects of sentence 

processing to answer two crucial questions:  

 

1. At what point during sentence processing is an interpretation error 

detected, and how is it dealt with during processing?  

2. Do readers eventually arrive at the correct interpretation?  

 

On-line measures such as eye-tracking and self-paced reading provide an 

insight into reading behaviour during real-time sentence processing. However, by 

themselves, they cannot tell us crucial information about the outcome of 

comprehension. Many of the previous studies on garden-path processing have 

focused on on-line measures, under the assumption that comprehenders engage in 

reinterpretation when they encounter a processing difficulty, and therefore end up with 

a “perfect parse” or veridical representation of sentence meaning (Ferreira, 2003). 

However, as Ferreira and her colleagues have argued, there is a lack of data on the 

sentence-level meaning representations that comprehenders actually build (e.g. 

Christianson, 2016; Ferreira, 2003). Off-line measures of comprehension outcomes 

such as comprehension questions or other tasks that require responses indicative of 

the outcome of interpretation processes therefore provide valuable additional 

information that is necessary to interpret the results from on-line measures. The 

present thesis employs a combination of on-line processing measures and measures 

of comprehension outcomes.  
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5.1.1 Stimulus design 

 

The overarching aim of this thesis is to investigate the processing and comprehension 

outcomes of sentences that require the recovery from an initial misinterpretation. For 

this purpose, so-called semantic garden-path sentences were created. These 

sentences reliably lead readers down a metaphorical “garden path” of interpretation, 

inducing a misinterpretation, due to the presence of an ambiguous word and its later 

disambiguation towards an unexpected meaning.  

 

The semantic garden-path sentences that were adapted for use in this thesis 

were originally created by Dr Jane Warren for previous experiments. Each sentence 

was constructed around an ambiguous main noun with an unbalanced distribution of 

meaning frequencies, e.g. “plant”, which has a dominant meaning (“botanical 

organism”) and a subordinate meaning (“factory”, see Example (10)). Sentence 

frames between 11 and 15 words were created around each main noun, which was 

located in the middle of the sentences. Prior context was kept as neutral as possible 

with respect to the meaning of the ambiguous main noun, i.e. the beginning of the 

sentence was compatible with either meaning. The final word always disambiguated 

the ambiguous word towards its subordinate meaning (e.g. “build”). The main noun 

and disambiguating word were separated by 4-8 intervening words to provide enough 

distance for the completion of an initial meaning selection (e.g. Rodd, Johnsrude, & 

Davis, 2010; Seidenberg et al., 1982; Swinney, 1979).  Based on models of lexical 

access to the meanings of ambiguous words, it was assumed that initially, the 

processing system would select the dominant meaning of “plant” (e.g. Twilley & Dixon, 

2000), and be led down the garden-path until the encounter of the disambiguating 

information. When the disambiguating information is encountered, the processing 

system needs to detect the incompatibility between the meaning of “build” and its 
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selected meaning of “plant”, and trigger reinterpretation processes. The 

disambiguating information was therefore the critical portion of the sentence. 

 

(10) The article reported that the plant had been very difficult to build. 

 

Extensive pre-tests were conducted on these stimuli by Dr Jane Warren to 

obtain relative meaning frequencies of the ambiguous words, and to confirm that the 

final word disambiguated the ambiguous word towards its subordinate meaning 

(details on the piloting procedure can be found in the Supplementary Methods 

document associated with the preprint by Blott, Rodd, Ferreira, & Warren, 2019, 

available for download at https://osf.io/hn3bu/). Pilot participants were native 

speakers of British English, predominantly undergraduate students at UCL, and did 

not take part in any of the experiments reported in this thesis. A group of 40 

participants was aurally presented with the ambiguous main nouns as single words, 

and completed a word association task. They first provided the first associate that 

came to mind for each of the words, and were then asked to choose from a list of 

definitions which of the meanings of the ambiguous word they had intended (Vitello, 

Warren, Devlin, & Rodd, 2014). Dominance scores (proportion of responses 

consistent with each meaning) for each word were calculated on the basis of the word 

association responses.  

 

In a second piloting stage, the sentence frames were aurally presented in a 

truncated form without the final word (e.g. “The article reported that the plant had been 

very difficult to…”) to another group of 40 native English speakers. Again, participants 

completed a word association task, where the presentation of the truncated sentence 

was followed by the ambiguous main noun. They provided an associate, and then 

indicated from a list of definitions which of the meanings of the ambiguous word they 

had intended. This pilot test provided sentence-based dominance ratings for each of 
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the ambiguous main nouns, i.e. a meaning preference based on the purportedly 

neutral sentence context.  

 

A final pilot stage tested whether the whole sentences were difficult to 

understand or perceived as unnatural. A third group of 24 native speakers of English 

rated each sentence for comprehensibility (“Makes sense instantly, no effort 

required”; “Makes sense after a short interval and/or minor effort”; “Makes sense after 

a long interval and/or a lot of effort”; “Does not make sense”) , their preference for the 

meaning of the ambiguous word within the sentence context (Which of these 

meanings fits the sentence context?, with response choices of “Meaning 1 only”, 

“Meaning 2 only”, “Both meanings”, “Neither meaning”, or “Don’t know”), and whether 

the dominant or the subordinate meaning was compatible with the context (“Makes 

perfect sense and sounds natural”; “Makes good sense but sounds unnatural or 

contrived”; “Makes some sense but sounds very odd or silly”; “Does not make sense 

at all”). For the present experiments, sentences were only selected from this pool of 

stimuli 

• if the ambiguous main noun was unbalanced, and had one clearly dominant 

meaning (generally dominance scores were greater than 0.75, with minimum 

dominance ratings varying slightly across experiments, see Appendix for 

complete stimulus lists), 

• if dominance ratings across the single-word and sentence-embedded rating 

tasks were consistent, and the same meaning was found to be dominant 

(indicating that prior context was neutral, and the ambiguous word was only 

clearly disambiguated by the final word),  

• if full sentences received reasonably high comprehensibility ratings (no more 

than 3 pilot participants rated a sentence as “Does not make sense”), and  

• if pilot participants generally judged the subordinate meaning to fit in with the 

full sentence context (no more than 2 participants judged the subordinate 
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meaning to make no sense at all, or no more than 2 participants judged the 

dominant meaning to make perfect sense).  

 

The piloting therefore confirmed that the stimuli used for the present 

experiments generally led comprehenders down the garden-path, and that 

reinterpretation was required to successfully understand the sentences. To be able to 

investigate the effects of garden-paths on processing and comprehension outcomes, 

unambiguous control sentences were created from the same sentence frames. Each 

sentence in the Ambiguous condition therefore had a well-matched control stimulus 

in the Unambiguous condition. The experiments reported in this thesis used slightly 

different criteria for stimulus selection, and adapted the sentence structures to suit the 

purposes of the experimental paradigm. Example stimuli from each of the 

experiments can be found in Table 1.1.  

 

Table 1.1 Example stimuli from the experiments reported in this thesis. 

Chapter Ambiguous condition Unambiguous condition 

2; 5 The article reported that the plant had 

been very difficult to build. 

The article reported that the north had 

been very difficult to reach. 

3 The newspaper reported that the plant 

had been very difficult to build from the 

start. 

The newspaper reported that the church 

had been very difficult to build from the 

start. 

4 The news reported that the plant had 

been very difficult to build from the start. 

The news reported that the church had 

been very difficult to build from the start. 

 

Details about the construction of sentences in the Ambiguous condition, 

Unambiguous control condition, and filler stimuli for each of the experiments can be 

found in the respective Methods sections. All stimulus materials used in the different 
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experiments reported in this thesis are available in the Appendix, and details about 

stimulus selection procedures are discussed in individual Chapters.  

 

5.1.2 Probing comprehension 

 

To probe the outcomes of interpretation processes, previous studies have 

used explicit comprehension questions (e.g. Christianson et al., 2001; Daneman & 

Carpenter, 1983). For sentences such as Example (10), repeated here as Example 

(11), a comprehension probe would need to indicate whether the comprehender had 

resolved the ambiguity of “plant” successfully, i.e. whether they had interpreted “plant” 

as a “factory”. 

 

(11) The article reported that the plant had been very difficult to build. 

 

However, comprehension questions are difficult to construct for semantic 

garden-paths without making participants explicitly aware of the ambiguity, e.g. by 

asking “Was the plant a botanical organism?”. Perhaps a way around this issue may 

be to probe comprehension with concealed questions about the meaning of the 

ambiguous word, e.g. “Did the article talk about a factory?” or “Was the botanical 

organism difficult to build?”. Again, however, the use of a synonym for the intended 

meaning risks making participants aware of the ambiguity. There is also evidence to 

suggest that the processing of such comprehension questions in and of itself can 

trigger reinterpretation processes of the target sentences (Christianson & Luke, 2011; 

Wonnacott et al., 2016). The inclusion of comprehension questions therefore makes 

it difficult to probe comprehension of the sentence by itself.  

 

Instead of explicit comprehension questions, most experiments reported in 

this thesis use a comprehension task in which responses were recorded immediately 
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upon reading the semantic garden-path sentence. The task was a Meaning 

Coherence Judgement task, in which participants were asked to decide whether a 

sentence made sense or was nonsense as quickly and as accurately as possible. 

Crucially, a semantic garden-path sentence only makes sense once the ambiguity is 

successfully resolved towards its subordinate meaning. Thus, correct “this makes 

sense” responses indicate that readers have successfully reinterpreted the sentence, 

and arrived at a coherent sentence-level meaning representation. In contrast, when 

they reply “this is nonsense”, it can be assumed that they did not engage in 

reinterpretation, and instead held on to the dominant meaning, which renders the 

sentence semantically anomalous. The accuracy of Meaning Coherence judgements 

for semantic garden-path sentences therefore provided an off-line measure of the 

outcome of comprehension processes.  

 

Table 1.2 Example sentences from the Meaning Coherence Judgement task in Chapter 2. 

Condition Example sentence 

Ambiguous  The article reported that the plant had been very difficult to build. 

Unambiguous  The article reported that the north had been very difficult to reach. 

Anomalous Ambiguous  The article reported that the plant had been very difficult to appoint. 

Anomalous Unambiguous  The article reported that the north had been very difficult to load. 

 

As the task explicitly required readers to understand these sentences, one 

might expect them to carefully monitor their comprehension and engage in a deep 

processing strategy. However, the task necessarily included filler sentences that were 

semantically anomalous to avoid response bias (see Examples in Table 1.2; details 

about the construction of these sentence can be found in the individual Methods 

section of the experimental chapters). Readers were therefore licensed to cease 

processing once they could not make sense of a sentence, and select the “this is 
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nonsense” option. The “good enough” account of language processing would thus 

predict that in the Meaning Coherence Judgement task, readers would not always 

engage in reinterpretation to resolve the ambiguity in semantic garden-path 

sentences. I therefore expected that accuracy rates for semantic garden-path 

sentences would generally be lower than for matched unambiguous control 

sentences. In this thesis, I also investigated whether this “garden-path effect” on 

accuracy rates was consistent across different stimulus presentation formats, and 

reader characteristics.  

 

5.1.2 Measuring reinterpretation-related processing costs 

 

Measuring response times of Meaning Coherence Judgements allows for inferences 

about potential additional cognitive processing involved in the recovery from a 

semantic garden-path compared to a matched unambiguous sentences. Based on 

previous findings of ambiguity-related processing costs, I expected processes related 

to reinterpretation to take longer than the processes involved in making sense of 

unambiguous sentences, leading to a “garden-path” effect on response times (e.g. 

Duffy et al., 1988; Ferreira & Clifton, 1986; Foss et al., 1968; Foss & Jenkins, 1973).  

 

However, to answer the question of when an interpretation error is detected, 

and how it is dealt with during processing, on-line measures of processing are 

necessary. The critical sentence region in the stimuli used for the experiments in this 

thesis was the disambiguating region (e.g. the final word in “The article reported that 

the plant had been very difficult to build”). An important decision in the design of the 

experiments was therefore how to present the sentence stimuli to participants.  

 

One option is to present the sentences as a whole on the screen for 

participants to read freely. However, this means that a response time measurement 
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is contaminated by the total time it takes a participant to read the sentence, which, as 

we have seen in Section 4.2, varies considerably across individuals (e.g. Ashby et al., 

2005; Kidd et al., 2018; Kuperman & Van Dyke, 2011; Perfetti & Stafura, 2014). 

Researchers interested in the cognitive and neural processes related to specific parts 

of a sentence have therefore often used word-by-word or phrase-by-phrase 

presentation techniques, which mean that indices of processing difficulty can be 

located to particular sentence portions, and researchers have control over readers’ 

processing rate, eliminating confounds from individual differences in reading speed 

(e.g. Fedorenko et al., 2011; Hoenig & Scheef, 2009; Zhu et al., 2012). 

 

Rapid serial visual presentation (RSVP) and “rolling presentation” 

A popular technique to present language stimuli in psycholinguistics is the rapid serial 

visual presentation (RSVP) paradigm (Forster, 1970). In the RSVP paradigm, the 

words that make up a sentence are presented individually in quick succession (usually 

in intervals of 250 – 500 ms per word). Similar to speech processing, the input in 

RSVP is transient (each word is replaced by the following word), and the rate with 

which the stimuli are presented is not under control by the comprehender. The 

technique therefore forces readers to process sentences one word at a time, allowing 

researchers to time-lock e.g. concurrently measured neural events to the processing 

of a particular word in a sentence. In addition, the RSVP technique allows the 

measurement of behavioural indices of processing difficulty or facilitation at the end 

point of a sentence, while eliminating confounds introduced by individual differences 

in reading speed across participants. For example, the semantic garden-path 

sentence in Example (11) is assumed to involve processing difficulty at the 

disambiguating information, which occurs at the final word of the sentence. We could 

therefore present such sentences in RSVP, followed by a behavioural task whose 

response time would index the relative processing difficulty incurred in these 

sentences compared to Unambiguous control sentences. However, one disadvantage 
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of the RSVP paradigm is that it involves high working memory demands, and does 

not allow readers to make use of information that is available during “natural” whole-

sentence reading. For example, the RSVP technique makes para-foveal information 

(i.e. information that is located just outside of the fovea) inaccessible, and does not 

permit physical re-reading of previous parts of the sentence. However, leftward eye 

movements for re-reading are an important part of the normal reading process, 

making up about 15% of eye movements (Rayner, 1998). Occluding previous 

sentence parts has also been found to be detrimental to sentence comprehension 

(e.g. Schotter, Tran, & Rayner, 2014). In fact, the ability to re-read previous parts of 

the sentence may be particularly critical for the comprehension of semantic garden-

paths which involve the need for reinterpretation. In Chapter 2 of this thesis, individual 

differences in the processing costs of recovery from misinterpretations are 

investigated using a hybrid paradigm that borrows from the RSVP technique. In this 

experiment, sentences were presented word-by-word, with the input rate fixed at 250 

ms per word, and task response time was measured coinciding with presentation of 

the final word of the sentence, thus eliminating confounds from variability in reading 

time. Rather than occluding previously presented words, however, words remained 

visible on the screen. This linear “rolling presentation” paradigm therefore allowed 

readers to backtrack through the sentence if needed.  

 

Eye-tracking  

Arguably the most natural way for readers to consume visual language stimuli is when 

they are presented to them as whole sentences at once. Eye-tracking, a technique 

that has been around since the mid- to late 1970s, allows researchers to measure the 

movements and fixations of a reader’s eyes in real time (on-line) as they move through 

a sentence (Rayner, 1998). This methodology therefore allows readers to control their 

own reading pace, and to backtrack and re-read previously encountered sentence 

parts. The eye-tracking systems usually employed for psycholinguistic research rely 
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on a video camera to record eye movements, tracking the movement of the eyes 

(saccades) and the location of fixations using the distance between the centre of the 

pupil and a corneal reflection created by an infrared light on the device. Stimuli are 

presented on a computer screen, with the reader able to control their own reading 

pace, and read as naturally as possible. Eye-tracking researchers rely on the 

assumption of an eye-mind link, whereby the location of our fixations reveals what we 

are processing at that time (Frazier & Rayner, 1982; Rayner, 1977, 1978). Although 

researchers agree that both cognitive as well as oculomotor factors influence the 

initiation and destination of eye movements, it is generally assumed that there is a 

close relationship between the cognitive processes of language comprehension and 

the location and duration of fixations during reading. Eye-tracking thus allows 

researchers to obtain fine-grained measurements of the speed and ease of 

processing.  In particular, eye-tracking systems can measure with great precision 

where in a sentence, or even within a word, fixations land, and the duration of these 

fixations. Additionally, researchers can investigate left-ward, or regressive, saccades 

where the eyes move out of a sentence region and back into a previous region, and 

the time spent re-reading (e.g. Clifton, Staub, & Rayner, 2007; Rayner, 1998). The 

output measures in an eye-tracking paradigm are sensitive to linguistic features of the 

text, e.g. word length, frequency, and predictability (e.g. Rayner, 1998; Rayner, 

Castelhano, & Yang, 2009). As such, the technique offers valuable insights into real-

time reading behaviour, and can provide indices for difficulties during processing. For 

example, it is generally assumed that longer fixation durations, a greater number of 

fixations, more regressive eye movements, and longer overall reading times are 

indicators of processing difficulty (e.g. Ferreira & Henderson, 1991; Frazier & Rayner, 

1982; Rayner, 1998). The on-line processing of a semantic garden-path sentence 

such as the Example (11) above likely involves processing difficulty the 

disambiguating word, and the initiation of recovery processes, which may be indexed 

by e.g. longer reading time on this sentence region and the launch of regressive 
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saccades into previous sentence regions. In Chapter 3 of this thesis, eye-tracking was 

used to investigate the influence of readers’ lexical expertise on their on-line reading 

behaviour associated with reinterpretation of semantic garden-path sentences.  

 

Self-paced reading  

The self-paced reading technique was pioneered in the 1970s (Aaronson, & 

Scarborough, 1976; Mitchell & Green, 1978). Since then, the technique has enjoyed 

great popularity among psycholinguists as it has made it possible to measure 

language processing on-line, or “in real time” (see Jegerski, 2014, for an overview of 

the method and its use in second-language research). In a typical self-paced reading 

experiment, a sentence is presented in individual segments (which can be either 

single words or phrases) at a time, with the reader using a button to make each 

segment appear on the screen. As the reader moves through the segment by button 

presses, they control their own reading pace. The paradigm usually involves a 

“moving window” display, whereby segments are revealed in a linear fashion across 

the screen from left to right, with the reader only allowed access to the current 

sentence segment, while prior and subsequent segments are not visible on the 

screen. As such, the technique mimics natural reading processes but does not allow 

readers to backtrack, and re-read earlier parts of the sentence. However, the method 

allows researchers to measure reading time per segment, and thus to locate 

processing difficulties (e.g. indexed by longer reading times) to specific parts of a 

sentence. For example, in a semantic garden-path sentence, we might be particularly 

interested in the reading time for the critical sentence segment that contains the 

disambiguating information for the ambiguous noun. Research suggests that the 

measurement of reading times using the self-paced reading method is similarly 

sensitive to lexical variables as eye-tracking, suggesting that it can approximate 

normal reading processes reasonably well (Just, Carpenter, & Woolley, 1982). The 

method has previously been used successfully to investigate individual differences in 
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the on-line processing of semantic garden-path sentences (e.g. Daneman & 

Carpenter, 1983; Miyake et al., 1994). Crucially, the technique allows researchers to 

collect on-line reading data remotely, relying simply on a keyboard and a computer 

screen to present stimuli. The self-paced reading paradigm was used in Chapter 4 of 

this thesis to investigate differences in reading behaviour of semantic garden-paths 

during performance of a sentence judgement task, and a silent reading paradigm.  

 

Functional magnetic resonance imaging (fMRI) 

Neuroimaging methods allow the investigation of the neural resources required for 

sentence processing. They can, for example, reveal the neural processing costs of 

reinterpretation, and therefore be an important complement to the cognitive 

processing costs revealed by behavioural methods. Functional magnetic resonance 

imaging (fMRI) is a technique that has been used since the early 1990s to investigate 

the neurobiology of language (see Price, 2012, for a review). The technique relies on 

biological characteristics of the brain, and the magnetic properties of blood flowing 

into areas of neural activity. Active neurons use glucose, which has to be transported 

to them via the blood stream. A brain area that is active during a task will therefore 

contain an increased amount of oxygenated haemoglobin, causing a decrease in the 

net amount of deoxygenated haemoglobin in that area. Using an MRI scanner, these 

changes in magnetic properties can be measured in the form of the blood-oxygen-

level dependent (BOLD) signal. FMRI studies usually rely on measuring the contrast 

between the haemodynamic response in one task or stimulus compared to a well-

matched control. The assumption is that if the two tasks or stimuli differ only in the 

process of interest, the resulting contrast will reveal the location of brain activation 

associated with this process. For example, comparing the response to the Ambiguous 

sentence “The article reported that the plant had been very difficult to build” to a well-

matched control sentence such as “The article reported that the north had been very 

difficult to reach” should reveal the brain areas that are active during the processing 
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of ambiguous words and their reinterpretation. Chapter 5 of this thesis uses the fMRI 

methodology to investigate the neural processes related to the detection of and 

recovery from a misinterpretation, and compares the neural processing costs of 

reinterpretation demands across three different stimulus presentation formats.  

 

5.1.4 Web-based experiments 

 

Recent developments in the capabilities of browsers, internet access speed, and 

personal computing devices have made it possible for researchers to use web-based 

experiments for remote data collection. Web-based behavioural experiments are now 

a legitimate alternative to experiments in the lab, as response time data from web-

based studies have been shown to be of similar quality as those from lab-based 

studies, and classic effects observed in the lab have been replicated online (e.g. 

Barnhoorn, Haasnoot, Bocanegra, & van Steenbergen, 2015; de Leeuw & Motz, 

2016; Reimers & Stewart, 2015). A concern with remote data collection is ensuring 

that participants are eligible to complete the study, and that they follow instructions 

and complete tasks with appropriate diligence. Although researchers have recently 

raised problems with data quality and participant naivety on the Amazon MTurk 

database (e.g. Chandler, Mueller, & Paolacci, 2014; Stewart et al., 2015), alternative 

platforms such as Prolific (Damer, & Bradley, 2014; www.prolific.ac), which has been 

designed specifically to bring together researchers and research participants, are 

available. An advantage of Prolific is that its payment rules ensure fair remuneration 

for research participation, which alleviates ethical concerns about potential 

exploitation and offers potential participants an incentive to perform tasks honestly 

(Palan & Schitter, 2018). Additionally, members of Prolific’s participant pool are 

required to answer basic demographic questions upon joining, therefore allowing 

researchers to select participants based on their own eligibility criteria. In a 

comparison of data from MTurk, Prolific and a university-based recruitment platform, 

http://www.prolific.ac/
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Peer, Brandimarte, Samat, and Acquisti (2017) report the highest data quality for 

Prolific, and found that participants from the university platform were in fact more likely 

to fail attention checks during the experiment. If designed well, behavioural 

experiments can therefore be conducted via the web without a negative impact on 

data quality. Importantly, web-based research allows for the recruitment of larger and 

more diverse participant samples, and relatively quick and easy data collection 

compared to lab-based experiments. In the present thesis, I have taken advantage of 

these benefits of web-based data collection with Prolific to investigate individual 

differences (with N = 139 in Chapter 2, and N = 167 in Chapter 3), and maximise 

statistical power (with N = 108 in Experiment 2 of Chapter 4). 

 

5.2 Summary of experiments and research questions 

 

The experiments reported in this thesis aim to investigate the factors that 

contribute to successful and efficient recovery from misinterpretations. There are 

currently two main gaps in the literature that this work is attempting to fill. The first 

concerns the role of individual differences in reinterpretation. Research discussed in 

section 4.2 suggests that the recovery from garden-path sentences may depend on a 

variety of different characteristics, from those related to an individual’s experience 

with and knowledge of language to those related to their cognitive abilities such as 

working memory and inhibitory control. One possibility is that readers’ experience, 

knowledge and cognitive skills affect their tendency to rely on shallow, or good-

enough, processing. For example, greater language experience or cognitive ability 

may lead to a greater reliance on heuristics as these “shortcuts” to processing have 

been developed over the course of exposure to linguistic material. Greater language 

experience may therefore decrease the likelihood of engaging in costly 

reinterpretation processes, leading to comparatively low comprehension accuracy for 
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semantic garden-paths. In addition, greater language experience or greater linguistic 

skills may allow readers to build up strong, incrementally constructed sentence-level 

meaning representations on-line during processing, thus making it harder to recover 

from an initial misinterpretation. Processing costs for semantic garden-paths 

compared to unambiguous control sentences may therefore be increased for readers 

with comparatively greater experience and skill. On the other hand, individuals with 

greater experience and cognitive skills may have developed greater sensitivity for 

processing errors, and efficiency in triggering appropriate reinterpretation processes. 

Thus, one might expect greater language experience to increase the likelihood of 

deeper processing, and have benefits for the ability to recover from misinterpretations, 

leading to comparatively high comprehension accuracy for semantic garden-paths. 

Similarly, greater reinterpretation efficiency may result in comparatively small 

processing costs to reading time for these sentences. These possibilities are all 

plausible based on previous findings and models of individual differences in language 

processing (see section 4.2); however, they have not been explicitly tested for the 

recovery from ambiguity-related misinterpretations in semantic garden-path 

sentences. It is therefore unclear how reinterpretation processes for semantic garden-

paths are affected by individual differences.  

 

This question was addressed in the experiment reported in Chapter 2. 

Participants completed a Meaning Coherence Judgement task on written sentences, 

allowing me to measure both the accuracy of their decisions (i.e. their comprehension) 

and their response times on correct trials. These measures were then related to 

measures of language experience and cognitive skills. The experiment therefore 

provided insight into the characteristics that make a reader a successful and efficient 

“reinterpreter”. By measuring multiple individual differences that could potentially 

contribute to reinterpretation, the results from this experiment also provided the basis 
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for the design of further experiments exploring the role of language experience and 

knowledge in reinterpretation processes.  

 

Chapter 3 builds upon the results from Chapter 2, and the experiment 

investigated how lexical expertise affects individuals’ on-line reading behaviour of 

semantic garden-paths. Again, participants completed a Meaning Coherence 

Judgement task on written sentences, and additionally, their eye movements were 

tracked during reading. The eye-tracking measures thus allowed additional insight 

into the on-line processing mechanisms that skilled reinterpreters use, including 

potential re-reading strategies.  

 

The second gap in the literature concerns the influence of task demands on 

reinterpretation. Based on research discussed in section 4.1, one might expect that 

the absence or presence of an explicit comprehension task affects comprehenders’ 

reliance on shallow, or good-enough, processing, and therefore the likelihood of 

engaging in costly reinterpretation during on-line processing. This question was 

explicitly addressed in Chapter 4. In this experiment, sentences were presented in a 

self-paced reading paradigm where re-reading was not available as a processing 

strategy. Reading times on critical sentence regions were compared within-subject 

across two conditions: a Meaning Coherence Judgement task (as had been used in 

the previous experiments), and a No task condition without any explicit incentive for 

accurate comprehension. This experiment therefore allowed me to investigate 

whether the context of the task can make readers more sensitive to the need for 

reinterpretation during on-line processing. 

 

In addition to the processing demands posed by an explicit compared to an 

implicit comprehension task, a further question is whether the processing strategies 

that are offered to a comprehender by a particular sentence presentation format may 
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affect the magnitude of reinterpretation-related processing costs. For example, whole-

sentence reading offers the freedom to re-read previous parts of a sentence, and 

spend as much time as needed on individual sentence segments. In contrast, during 

both RSVP reading and speech processing, the rate of input is not under control by 

the comprehender, and previous sentence content cannot physically be revisited. The 

effect of these different processing demands on reinterpretation was investigated in 

the two experiments reported in Chapter 5. Participants were presented with 

Ambiguous and Unambiguous sentences visually in a whole-sentence format, in the 

RSVP format, and in auditory format, and reinterpretation-related processing costs 

were compared across the formats within-subject. Experiment 1 compared the neural 

processing costs associated with semantic garden-paths, while Experiment 2 used a 

Meaning Coherence Judgement task to compare comprehension outcomes and 

response time costs for these sentences across presentation formats.  

 

The five experiments therefore address the question of recovery from 

ambiguity-related misinterpretations from different angles, using different 

methodologies to build up converging evidence about the role of task demands and 

individual differences in reinterpretation processes. A summary of the research 

questions and methods used in each Chapter can be found in Table 1.3.
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Table 1.3 Summary of experiments reported in this thesis. 

Chapter 2 3 4 5 

    Exp 1 Exp 2 

Research question What characteristics make 

a reader an effective and 

efficient “reinterpreter”?  

What processing 

mechanisms or reading 

strategies are used by 

successful reinterpreters? 

Do individual differences in 

garden-path recovery 

depend on the type of task 

that needs to be performed?  

Do garden-path effects depend on 

the processing strategies that are 

available to comprehenders?  

Presentation format “Rolling” presentation Whole-sentence reading Self-paced phrase-by-phrase 

reading 

Listening; whole-sentence Reading; 

RSVP 

Task Meaning Coherence 

Judgement task 

Meaning Coherence 

Judgement task 

Meaning Coherence 

Judgement task vs No task 

No task Meaning 

Coherence 

Judgement task 

Main dependent 

variable(s) 

Accuracy and response 

time 

Accuracy and eye-tracking 

data 

Self-paced reading time BOLD response Accuracy and 

response time 

Individual difference 

measure(s) 

Working memory, inhibitory 

control, age, education 

level, print exposure, 

vocabulary knowledge, 

lexical access speed 

Print exposure, vocabulary 

knowledge 

Vocabulary knowledge - 
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1. Introduction 

 

Although most adults can understand the meaning of words and sentences with 

relatively little effort, misinterpretations are common. For example, in garden-path 

sentences such as “The plant had been difficult to build”, readers are likely to initially 

select the “botanical organism” meaning of “plant”, only to then have to revise that 

meaning selection and engage in reinterpretation processes in order to understand 

the sentence (e.g. Duffy et al., 1988; Seidenberg et al., 1982; Twilley & Dixon, 2000).  

 

As seen in Chapter 1, recovering from a garden-path involves a number of 

complex processes, including the ability to detect an inconsistency in interpretation 

(that the “botanical organism” meaning of “plant” does not fit with the meaning of 

“build”), to suppress the initially selected meaning in favour of the subordinate 

meaning of “plant”, and the integration of this (re)activated meaning into a new 

sentence-level meaning representation. Research into the processing and 

comprehension of garden-path sentences has revealed two important findings: a) 

reinterpretation processes are associated with processing costs to reading times (e.g. 

Duffy et al., 1988; Ferreira & Henderson, 1991; Kambe, Rayner, & Duffy, 2001), and 

b) readers do not always engage in these costly reinterpretation processes (e.g 

Christianson et al., 2001; Ferreira & Patson, 2007).  

 

Previous investigations of garden-path processing have primarily focused on 

group-level effects, and have largely ignored the presence of inter-individual variability 

in the component processes of reading comprehension (see e.g. Kidd et a., 2018, for 

an overview). However, investigating which individual characteristics affect the 

recovery from misinterpretations is an important endeavour, both for the development 



BLOTT (2019): DOWN THE GARDEN-PATH AND BACK AGAIN 

136 
 

of adequate theories of language processing, and for a better understanding of the 

processing difficulties faced by poor readers. Different theoretical approaches to 

individual differences in language processing view different skills or processes as 

central to comprehension. Some researchers have highlighted the importance of 

robust and rapidly accessible meaning representations within the mental lexicon  (e.g. 

Hamilton, Freed, & Long, 2016; Landi & Ryherd, 2017; Perfetti, 2007; Perfetti & Hart, 

2002), while others have instead focused on the effect of cognitive skills such as 

inhibitory control (Gernsbacher, 1990; Gernsbacher & Faust, 1991; Key-DeLyria & 

Altmann, 2016; Novick et al., 2005), or verbal working memory (Caplan & Waters, 

1999; Evans et al., 2015; Just & Carpenter, 1992) on language processes. The 

success and efficiency of reinterpretation may therefore depend on a reader’s 

language experience and word knowledge, and the cognitive processes that allow for 

efficient use of this knowledge during language processing.  

 

The present study investigates the effects of individual differences in 

knowledge- and experience-related factors (age, education level, experience with 

written material, vocabulary knowledge), and cognitive skills (verbal working memory, 

inhibitory control, lexical processing speed) on the recovery from misinterpretations. 

For this purpose, sentence stimuli were created that were likely to lead readers down 

a garden-path in interpretation, and therefore required reinterpretation. Sentences 

were semantic garden-paths that contained an unbalanced ambiguous noun that was 

resolved towards its subordinate meaning at the final word. To be able to investigate 

reinterpretation-related processing costs, behaviour in response to these ambiguous 

sentences was compared to behaviour in response to control sentences that instead 

contained an unambiguous noun. The ability to recover from a misinterpretation was 

tested with a Meaning Coherence Judgement task. Participants were asked to read 

each sentence, and to decide whether or not the sentence made sense. Correct 

responses in this task required participants to recover from the garden-path, and 
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ultimately arrive at a coherent sentence-level meaning representation for the critical 

ambiguous sentences. In addition to the coherent Ambiguous and Unambiguous 

conditions, the task also included sentences that contained semantic anomalies that 

were not resolvable, and thus required a “this does not make sense” response. The 

factors of Ambiguity (Ambiguous/Unambiguous) and sentence Coherence 

(coherent/anomalous) were fully crossed in this design. This task was chosen instead 

of using more explicit comprehension questions as it meant that reading goals were 

controlled across participants and stimuli, task difficulty remained relatively stable 

across trials, and confounds introduced by task-switching were avoided. Response 

times and accuracy on the Meaning Coherence Judgement task were related to 

participants’ age, education level, print exposure, vocabulary knowledge, sentence-

level working memory capacity, ability to inhibit prepotent responses, and word-

meaning access speed.  

 

Due to the additional reinterpretation processes involved in responding to the 

critical ambiguous sentences, it was expected that the Ambiguous condition would be 

associated with processing costs in the form of longer response times (e.g. Duffy et 

al., 1988). In addition, it was predicted that readers may not always successfully 

resolve the ambiguities (e.g. Christianson et al., 2001; Ferreira & Patson, 2007); lower 

accuracy rates for Ambiguous compared to Unambiguous sentences were therefore 

expected. A further prediction was that these reinterpretation-related processing costs 

would be related to measures of readers’ experience, knowledge, and cognitive skills. 

The present study was of an exploratory nature, and thus no specific hypotheses 

about which measures would significantly influence performance in the Meaning 

Coherence Judgement task were specified a priori.  
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2. Method 

 

2.1 Participants 

 

Participants were recruited via the online recruitment platform Prolific Academic 

(www.prolific.ac, Damer & Bradley, 2014). This method allowed for the sampling of 

participants of a wide age range, and of varying educational backgrounds. Eligibility 

criteria for this study were: English as primary language; age 18 – 75; currently 

residing in the United Kingdom; resident in the United Kingdom for the past 5 years 

and for the majority of time up to the age of 18; no history of significant neurological 

disorder, literacy difficulties or visual deficits. The recruitment target was 140 

participants (i.e. 20 participants per individual difference measure that was 

investigated), and data from 139 participants were included in the analyses (see Data 

Analysis for exclusion criteria). Demographic characteristics of this sample can be 

found in Table 2.1. All participants either indicated that English was their sole native 

language or that they had learned English before the age of 5. Written informed 

consent was obtained from all participants, and they were remunerated for 

participation. The study was approved by the UCL Psychology and Language 

Sciences Brain Imaging Ethics Chair as part of a larger research programme.  

 

Table 2.1 Participant characteristics.  

Measure   

Age     

  Age (Mean (SD)) 46.01 (15.21) years 

  Young adults, aged < 35  29.5 % 

  Middle-aged adults, aged 35-59 40.29 % 

  Mature adults, aged 60-75  30.22 % 

Sex     

  Female  73.38 % 

 Male 26.62 % 
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Education     

  Left school before age of 16  5.76 % 

  GCSE/O-level or equivalent  15.83 % 

  A-level/BTEC or equivalent 28.78 % 

  Total without university education  50.36 % 

   

  University degree/diploma 35.25 % 

  Postgraduate degree  14.39 % 

  Total with university education  49.64 % 

Languages     

  Speak any other language than English  15.83 % 

  Consider themselves bilingual  8.63 % 

Time spent living 

outside the UK     

  None  80.58 % 

  < 1 year  5.04 % 

  1-5 years  7.19 % 

  5-10 years  1.44 % 

  More than 10 years  5.76 % 

  

2.2 Materials  

 

The critical, ambiguous sentences for the Meaning Coherence Judgement task were 

semantic garden-paths constructed around an unbalanced ambiguous main noun 

(e.g. “plant”; see Table 2.2 for examples, and Chapter 1, section 5.1.1. Stimulus 

Design for details about the creation of these stimuli). The final word disambiguated 

the ambiguous noun towards its subordinate, less frequent meaning (e.g. “factory”). 

For each of the sentences in the Ambiguous condition, a matched unambiguous 

sentence was created by replacing the main noun with an unambiguous word, and 

the final word with a plausible continuation of the sentence (Unambiguous condition). 

Main nouns and final words in Ambiguous and Unambiguous sentences were 

matched as closely as possible on number of syllables, length and word-form 

frequency (see Table 2.3). As participants were asked to make decisions about the 

meaningfulness of stimuli, the task also required the inclusion of sentences that did 

not make sense. Anomalous sentences were created from the original sentence 
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frames by replacing the final word with a word that rendered the sentence 

semantically anomalous. There were thus four versions of each sentence frame: 

Ambiguous, Unambiguous, Anomalous Ambiguous and Anomalous Unambiguous 

(see Table 2.2 for an example, and Appendix 8.1 for a full list of stimuli). Main nouns 

were identical in the Ambiguous and Anomalous Ambiguous, and in the Unambiguous 

and Anomalous Unambiguous conditions, while final words were matched as closely 

as possible but differed across all four conditions. 

 

Sentences used in this task were selected from a stimulus pool (see Chapter 

1, 5.1.1 Stimulus Design for details) based on a pilot study. Pilot participants were 35 

native speakers of English, aged 19 – 66 (M = 33.66, SD = 12.58), who were recruited 

from Prolific but did not take part in the present study. They were asked to make 

untimed judgements about the meaningfulness of 60 sentences per condition by 

selecting from the response options “Sense” and “Nonsense” on their screen. 

Sentences were included in the present study if their Unambiguous, Anomalous 

Unambiguous and Anomalous Ambiguous versions had received at least 75% correct 

responses from pilot participants, and if their Ambiguous version was correctly judged 

as meaningful at least 65% of the time. The criterion was lowered for the critical 

Ambiguous condition as participants were expected to have comparatively more 

difficulty with this condition, even when the task was not time-limited (e.g. Christianson 

et al., 2001). 

 

Forty-four sentence frames (i.e. 176 individual sentences in total) were 

retained for the present study (see Table 2.3 for descriptive statistics). The selected 

Ambiguous and Unambiguous sentences did not differ significantly in terms of main 

noun frequency (t(86) = 0.36, p = .72, Cohen’s d = .08), or main noun length (t(86) = 

-1.84, p =.069, Cohen’s d = 0.4), and were matched perfectly on main noun number 

of syllables. There were also no significant differences between the four conditions in 
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terms of the frequency (F(3,172) = 0.1, p = .958, η2 = .002), length (F(3,172) = 4.29, 

p = .369, η2 = .02), or number of syllables (F(3,172) = 0.4, p = .604, η2 =.01) of the 

final word. The main purpose of this study was a comparison between the critical 

Ambiguous sentences and their matched Unambiguous counterparts. Data from the 

Anomalous conditions was therefore not analysed. 

 

Table 2.2 Example stimuli. 

Condition Example 

Ambiguous The article reported that the plant had been very difficult to build. 

Unambiguous The article reported that the north had been very difficult to reach. 

Anomalous Ambiguous The article reported that the plant had been very difficult to appoint. 

Anomalous Unambiguous The article reported that the north had been very difficult to load. 

 

Table 2.3 Stimulus characteristics. 

  Condition 

Measure Ambiguous Unambiguous 

Anomalous 

Ambiguous 

Anomalous 

Unambiguous 

Main 

noun Frequency         

  Mean (SD) 74.66 (99.75) 67.93 (73.67) 74.66 (99.75) 67.93 (73.67) 

  Range 5-559 3-356 5-559 3-356 

  Letters         

  Mean N (SD) 4.57 (1.19) 5.09 (1.46) 4.57 (1.19) 5.09 (1.46) 

  Range 3-7 3-9 3-7 3-9 

  Syllables         

  Mean N (SD) 1.25 (0.49) 1.25 (0.49) 1.25 (0.49) 1.25 (0.49) 

  Range 1-3 1-3 1-3 1-3 

           

Final 

word Frequency         

  Mean (SD) 87.52 (135.1) 96.05 (153.4) 80.41 (130.9) 92.45 (139.2) 

  Range 0-494 0-571 0-499 0-571 

  Letters         

  Mean N (SD) 6.34 (2.2) 6.23 (2.07) 6.16 (1.98) 5.64 (1.79) 

  Range 3-13 3-11 3-10 3-10 

  Syllables         

  Mean N (SD) 1.82 (0.84) 1.82 (0.84) 1.84 (0.78) 1.64 (0.75) 

  Range 1-4 1-4 1-3 1-3 
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2.3 Design 

 

Participants were randomly assigned to one of two versions of the Meaning 

Coherence Judgement task. The meaningful and anomalous variants of each 

sentence frame were counterbalanced across participants to ensure that the same 

participant never saw the same main noun twice. In each version, sentences were 

presented in two blocks such that variants of the same sentence frame were never 

presented in the same block. Each block contained the same ratio of meaningful and 

anomalous sentences, and sentence order was randomised within block. Each 

participant made decisions about 88 sentences in total, half of which were meaningful 

(50% Ambiguous, 50% Unambiguous) and the other half anomalous (50% 

Ambiguous, 50% Unambiguous). Independent variables were the Ambiguity 

(Ambiguous/Unambiguous) of the sentence, and individual difference measures (Age, 

Education, Print exposure, Vocabulary knowledge, Sentence Memory Span, 

Inhibitory control, and Meaning Access speed). Dependent variables were accuracy 

and response time (RT) in the Meaning Coherence Judgement task.  

 

2.4 Procedure 

 

The experiment was set up using Gorilla.sc (www.gorilla.sc/about; Cauldron Inc.; 

Anwyl-Irvine, Massonnié, Flitton, Kirkham, & Evershed, 2019). Participants completed 

the study online on their own computers in a single session lasting 30-50 minutes. 

Before the main tasks, participants completed a demographic questionnaire on their 

age, education, and language background. The main part of the study consisted of 6 

separate tasks (Meaning Coherence Judgement task, Explicit Disambiguation task, 

Semantic Go/No-Go task, Mill Hill vocabulary test, Sentence Memory Span task, 

Reading habits questionnaire). The order of tasks was fixed across participants such 
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that the Meaning Coherence Judgement task was always completed prior to the 

Explicit Disambiguation task; this order was chosen to ensure that participants were 

not alerted to the presence of ambiguity in the sentences when they encountered 

them for the first time in the Meaning Coherence Judgement task. 

 

Meaning Coherence Judgement task  

Participants were instructed to make a decision about the meaningfulness of each 

sentence as quickly and as accurately as possible. Sentences were presented in an 

adapted word-by-word presentation mode. A new word was revealed every 250 ms, 

while previously revealed words remained visible on the screen, allowing for re-

reading (“rolling presentation”, see Figure 2.1). A fixation cross was presented 

between sentences for 600 ms. 

 

Two response buttons (“Sense” and “Nonsense”) appeared on the screen 250 

ms after presentation of the final word. The relative position of the response buttons 

on the screen (left vs right) was kept constant within each participant, but was 

counterbalanced across participants. Response times were recorded from the point 

at which the response buttons appeared. Presentation automatically continued with 

the next sentence once a response button was pressed, or when a trial was timed out 

after 8000 ms.  

 

Before the experimental trials, participants practised the task on eight 

sentences that were taken from the same stimulus pool as the experimental 

sentences, and were not repeated again in the main experiment. Practice sentences 

were four unambiguous sentences which had been judged as meaningful by 100% of 

the pilot participants, and 4 unambiguous sentences judged as anomalous by 100% 

of the pilot participants. Participants received feedback on these practice items only, 

but not during the main task. The main task consisted of two blocks of stimuli, and 
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included a 30-second rest break between blocks. Completion of the Meaning 

Coherence Judgement task took approximately 10 minutes. 

 

 

Explicit Disambiguation task 

The Explicit Disambiguation Task had two functions: it served a) as a more direct, 

metalinguistic measure of meaning selection in sentence context, and b) as a means 

to exclude participants who did not complete tasks with due attention or had 

unexpected difficulty understanding the sentences presented in the rolling 

presentation format. In this task, all Ambiguous sentences (N = 22) from the Meaning 

Coherence Judgement Task, and a randomly-selected subset of Unambiguous 

sentences (N = 12), were presented again to the participants in the same rolling 

presentation format as in the Meaning Coherence Judgement task. After presentation 

of the final word, participants were asked to select the appropriate meaning of the 

main noun (e.g. “plant”) within the particular sentence context from three response 

options.  

Figure 2.1 Illustration of the ‘rolling’ sentence presentation in the Meaning Coherence 
Judgement Task. Image credit: Maiconfz (n.d.) 
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The main noun was highlighted in bold 1000 ms after the final word of the 

sentence appeared on screen. Another 1000 ms later, three response options were 

displayed. Participants were instructed to select the response option that best fit the 

meaning of the highlighted word within the sentence context. For Ambiguous 

sentences, response options were a definition of the (correct) subordinate meaning 

of the ambiguous word (e.g. “an industrial site”), the (incorrect) dominant meaning of 

the ambiguous word (e.g. “a botanical organism”), and a third “other” option. For 

Unambiguous sentences, response options were a definition of the correct meaning 

of the main noun, a definition of an unrelated word, and a third “other” option. 

Definitions were simplified from entries from Merriam-Webster (https://www.merriam-

webster.com/), and Dictionary.com (http://www.dictionary.com/) online dictionaries.  

 

The position of response options on the screen was counterbalanced across 

participants, with the “other” option always remaining on the far right. Responses were 

timed-out after 8000 ms. A fixation cross was presented between trials for 600 ms. 

Participants practised the task on three Ambiguous stimuli which were not included in 

either the Meaning Coherence Judgement or Disambiguation task but came from the 

same stimulus pool, and had been judged as meaningful by at least 90% of pilot 

participants. Participants received direct feedback on the practice items only, but not 

during the main task. Participants spent approximately 4 minutes on this task. Task 

performance was measured as proportion of correct responses (accuracy). 

Participants were excluded from analyses if their accuracy was below 90% for the 

Unambiguous trials (n = 6, see Data Analysis), under the assumption that low 

response accuracy on these trials was indicative of a lack of attention, or more serious 

problems with language comprehension.  

 

https://www.merriam-webster.com/
https://www.merriam-webster.com/
http://www.dictionary.com/
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Semantic Go/No-Go task: Measuring Inhibitory control and Meaning access 

speed 

A variant of the classic Go/No-Go task was used to provide measures of Inhibitory 

control, and the speed of word meaning access. Participants were presented with a 

list of single nouns, which belonged to one of two semantic categories (animals or 

transport vehicles). They were instructed to press the space bar on their keyboard as 

quickly as possible in response to words that belonged to the “animal” category (Go 

trials, N = 100), and not to press the button when the word belonged to the “transport 

vehicle” category (No-Go trials, N = 18). Each item was presented for 1300 ms, with 

a 500 ms blank screen in between items, based on recommendations for presentation 

time in Go/No-Go tasks by Wessel (2018). Participants first practised the task on 20 

items (3 of which were No-Go trials), and received feedback after each button press. 

They then went on to do the same task without immediate feedback on the 

experimental items. No-Go trials occurred relatively infrequently (approx. 15% of all 

trials) in order to maximise task difficulty. Similar ratios of Go and No-Go trials have 

previously been used successfully (15% in Garavan et al., 2002; and 20% in 

Nieuwenhuis, Yeung, van den Wildenberg, & Ridderinkhof, 2003; see Wessel, 2018, 

for recommendations). Trial order was randomised for each participant. After 

completing the task, participants received feedback on their overall accuracy. The 

Semantic Go/No-Go task took approximately 4 minutes to complete. The accuracy 

rate on No-Go trials served as a measure of participants’ ability to inhibit a prepotent 

response (Inhibitory control). The mean reaction time on correct Go trials was used 

as a measure of speed of access to word meanings (Meaning access speed).  

 

Mill Hill task: Measuring Vocabulary knowledge 

Vocabulary knowledge was measured with the short version (A) of the Mill Hill 

vocabulary scale (Raven, Court, & Raven, 1977). This synonym task was chosen as 
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a test of vocabulary depth, which captures individuals’ “lexical richness” – including 

knowledge of semantic, syntactic, and morphological aspects of words, and 

knowledge of meanings of words independent of context (K. S. Binder, Cote, Lee, 

Bessette, & Vu, 2017). Participants were presented visually with a single word 

highlighted in bold at the top of the screen. Six single-word response options were 

presented below the bold word. Participants were instructed to choose the response 

option that best matched the meaning of the word printed in bold. They practised and 

received feedback on a single item before making decisions about 33 further word 

meanings. Responses were timed out after 10 seconds to minimise the opportunity 

for participants to look up word meanings in a dictionary. A countdown was displayed 

on screen for the last 5 seconds of each trial. At the end of the task, participants 

received feedback on their overall accuracy. Participants were also asked to answer 

honestly whether they had broken the rules of the task in any way, e.g. by looking 

words up in a dictionary or asking a friend, and assured that their answer to this 

question would still allow them to proceed. Participants were excluded if they admitted 

to not having completed the task by themselves (n = 1, see Data Analysis). The 

vocabulary test took approximately 4 minutes to complete. For each participant, a 

percentage of correct responses (out of 34 trials) was calculated as a measure of 

Vocabulary knowledge. 

 

Sentence Memory Span task: Measuring verbal working memory at 

sentence-level 

For this web-based experiment, it was necessary to design a novel paradigm suitable 

for measuring verbal working memory remotely without supervision by an 

experimenter. As in traditional reading span tasks, participants read sentences, and 

were asked to recall individual words afterwards (e.g. Daneman & Carpenter, 1980). 

In contrast to other span tasks, which direct participants to remember words in a 
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specific position in the sentence (e.g. the final word), participants in the present 

Sentence Memory Span task were not informed in advance which words they would 

need to recall. Instead, a recall criterion was presented to participants only after they 

had processed the sentence or group of sentences. The task was adapted in this way 

to ensure that participants would maintain attention to sentence-level meanings, and 

to minimise the opportunity for strategising (e.g. by writing down words, only reading 

the end of sentences, etc.).  

 

Participants were instructed to read a group of sentences. They were informed 

that after presentation of the sentences they would be asked to recall any words they 

had encountered in those sentences that shared a particular feature, i.e. a specific 

first letter. Participants were explicitly told that during sentence presentation, they 

would not be able to predict which words they would need to recall afterwards. They 

were also informed that the task would get progressively more difficult.  

 

Difficulty was manipulated in a manner similar to traditional reading span 

tasks; at the first difficulty level, only a single sentence needed to be processed and 

only a single word recalled, at the second difficulty level, there were two sentences 

and two words to be recalled (one from each sentence), etc. The highest difficulty 

level in the Sentence Memory Span task was 7 sentences to process and 7 words to 

recall. There were 2 trials per difficulty level.2   

 

Sentences were presented visually as a whole on the screen for 4500 ms 

each, separated by a 600 ms fixation cross. At the end of each sentence group, 

participants were instructed to recall all the words that began with a particular letter 

 
2 The initial aim was to only include nouns as words-to-recall, and to include a single word-to-

recall per sentence. This aim was not met in one sentence at the 7-sentence difficulty-level, where there 
were two words beginning with the letter W (one of which was not a noun), essentially rendering this an 
8-word recall condition within the 7-sentence difficulty level. This sentence was still included in the 
scoring procedure. 
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(e.g. “From the last three sentences can you remember all the words that begin with 

F?”). For consistency, only graphemes which correspond to a single phoneme in 

English were chosen as recall criteria. This restriction was applied in order not to 

disadvantage poor spellers, and to avoid reliance on visual rather than verbal 

memory.  

 

Participants typed their responses to the recall criterion into a response box. 

Different target graphemes were used in the two trials of each difficulty level but some 

graphemes were repeated at different levels throughout the task. Responses were 

timed-out after 30 seconds, and a countdown was displayed on the screen for the 

final 10 seconds of each trial. Participants spent approximately 4 minutes on the 

Sentence Memory Span task. The task was scored by the author of this thesis, 

assigning 1 point for each correctly recalled word in each trial.3 Trial-scores were 

summed for each participant, and a percentage score was calculated out of a 

maximum score of 49 as a measure of sentence-level working memory (Sentence 

Memory Span). 

 

Reading habits questionnaire: Measuring exposure to written language  

Participants filled out a short questionnaire about their print exposure, with questions 

phrased as statements about their motivation to read (e.g. “I read for work”, “I read for 

pleasure”), and reading materials (e.g. “I read tabloid newspapers or popular 

magazines”, “I read literary fiction”). Participants rated how often during a typical week 

they read these materials on a 4-point-scale, from “never” (0), “on 1-3 days per week” 

(1), “on 4-6 days per week” (2), to “every day” (3). Responses were assigned points, 

which were added to generate an overall score. Raw scores were transformed into a 

 
3 Points were still awarded for obvious typographic errors, plural forms of nouns, and where 

participants had typed whole sentences accurately. No points were given for word forms that were 
morpho-syntactically or semantically different from the word-to-recall (e.g. “driv-er” instead of “driv-ing”, 
or “more” instead of “most”). 
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percentage of a maximum score of 30 to obtain a measure of participants’ Print 

exposure. 

 

2.5 Data analysis 

 

In total, 170 eligible participants completed the study online. Participants were 

excluded from all analyses list-wise if data was missing or duplicated for a task, or if 

performance was indicative of technical issues, lack of attention, or misunderstanding 

of task instructions (n = 24). A further 6 participants were excluded because their 

accuracy rate on Unambiguous trials in the Explicit Disambiguation task was below 

90%. One additional participant was also excluded because they admitted to having 

completed the Mill Hill vocabulary task with help from a dictionary. Data from 139 

participants were included in the analyses reported below. 

 

The aim of this study was to relate participants’ accuracy and response times 

on Meaning Coherence judgements to their performance on the individual difference 

tasks. Only data from the experimental conditions of interest (the meaningful 

Ambiguous and Unambiguous conditions) were entered into the analyses. RTs were 

analysed only for correct trials. A minimum cut-off for RTs was set to 250 ms to 

exclude accidental button press responses. As data variability is intrinsic to the study 

of individual differences, RTs were not excluded for being too long (Ulrich & Miller, 

1994). There were no trials with RTs below the minimum threshold in the Meaning 

Coherence Judgement task, or the Explicit Disambiguation task. When calculating 

average scores on the individual differences tasks, 0.32% of the data on the Mill Hill 

task, and 0.36% of the data on the Semantic Go/No-Go task were excluded based on 

the minimum RT cut-off.  
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The data were analysed using linear and logit mixed effects models with 

crossed subject and item random effects (Baayen, Davidson, & Bates, 2008; Barr, 

Levy, Scheepers, & Tily, 2013). These analyses allow for simultaneous modelling of 

by-subject and by-item variance at the individual trial level – a clear advantage over 

the traditional approach of using separate by-subject and by-item ANOVAs. Logistic 

regression models for accuracy data, and linear mixed effects models for RT data on 

correct trials were fitted using the glmer() function (with bobyqa optimiser) and lmer() 

function within the lme4 package (v1.1.17; Bates, Maechler, Bolker, & Walker, 2015) 

in RStudio (v3.4.2; RStudio Team, 2015).  

 

RTs were log-transformed, and discrete factors were deviation-coded for 

analysis: Ambiguity (Ambiguous -0.5; Unambiguous 0.5), and Education level 

(university-level education -0.5; below university-level education 0.5). To allow for 

comparisons between regression coefficients, all continuous individual differences 

measures were centred and scaled (i.e. standardised) prior to inclusion in the models. 

As much as possible, all individual differences variables, the Ambiguity factor, and 

interactions of the Ambiguity factor with each individual difference variable were 

simultaneously included in the models. As potential interactions between individual 

differences measures were not of interest, these were not included in the analyses. 

The random effects structure was kept as maximal as possible, with by-item and by-

subject random intercepts, Ambiguity as a by-subject random slope, and each of the 

individual difference variables as a by-item random slope. Following procedures for 

confirmatory hypothesis tests outlined in Barr and colleagues (2013), model 

complexity was reduced only when there were convergence issues. Model 

comparisons were conducted between the maximal model and individual models with 

a single variable-of-interest or interaction removed. Chi-squared values and p-values 

(α set to .05) are reported for likelihood ratio tests. Detailed results from statistical 
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models, including parameter estimates, can be found in section A. Statistical models 

at the end of this chapter.  

 

3. Results 

 

3.1 Group-level effects of reinterpretation demands 

 

The first aim of the analyses was to confirm the presence of previously observed 

group-level effects of reinterpretation demands on comprehension accuracy and RTs. 

For this purpose, baseline models that included only a fixed effect of Ambiguity, but 

none of the individual differences predictors, were fitted to the accuracy and RT data 

in the Meaning Coherence Judgement task.  

 

The presence of ambiguity in a sentence was associated with detrimental 

effects on the accuracy of participants’ Meaning Coherence judgements (χ2(1) = 

182.17, p < .001; see Table 2.5 in section A.1 at the end of the chapter). On average, 

participants experienced a 16% reduction of accuracy for Ambiguous (M = 0.79; SD 

= 0.41) compared to Unambiguous sentences (M = 0.95, SD = 0.23; see Figure 2.2).  

 

Ambiguity costs were also observed in RTs for trials that had been answered 

correctly. There was significant main effect of Ambiguity on RTs, with participants 

responding more slowly to the Ambiguous (M = 2040.29, SD = 1142.21) compared to 

the Unambiguous condition (M = 1728.76, SD = 1020.03) by 312 ms on average (χ2(1) 

= 117.18, p < .001; see Table 2.5 in section A.1 at the end of the chapter, and Figure 

2.2).  

 

To be able to draw meaningful conclusions from a correlational investigation 

of individual differences, the dependent variables should show inter-individual 
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variability in the effect-of-interest (Spearman, 1904). As shown in Figure 2.3, the 

reinterpretation-related costs to accuracy and RTs, i.e. the observed “garden-path” 

effects, were variable across participants. This variability was further explored in the 

individual differences analyses. 

 

 

Figure 2.2 Accuracy rates and response times in the Meaning Coherence Judgement task. 
Raincloud plots (Allen, Poggiali, Whitaker, Marshall, & Kievit, 2019) show median and 
interquartile range in the boxplot element, probability density in the split violin element, and 
distribution of accuracy scores (top panel) and RTs (bottom panel) for the Ambiguous and 
Unambiguous condition. 
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Figure 2.3 Individual differences in garden-path effects. Histograms show the distribution of 
processing costs associated with Ambiguous sentences for accuracy (left panel) and RTs 
(right panel) in the Meaning Coherence Judgement task. Average garden-path effects were 
calculated across trials for each participant by subtracting their mean accuracy for Ambiguous 
trials from their mean accuracy for Unambiguous trials, and by subtracting their mean RT for 
Unambiguous trials from their mean RT for Ambiguous trials. 

 

Similar to the more implicit measure of reinterpretation ability, responses in 

the Explicit Disambiguation task also showed effects of Ambiguity. Ambiguous trials 

(M = 0.75; SD = 0.43) were associated with significantly lower accuracy rates (by 

about 24% on average) than Unambiguous trials (M = 0.99; SD = 0.1; χ2(1) = 1112.8, 

p < .001; see Table 2.6 in section A.1 at the end of the chapter). Accuracy rates in the 

Meaning Coherence Judgements had a significant effect on the accuracy of 

responses in the Explicit Disambiguation task (β = 1.25, SE = 0.21, z = 5.95; χ2(1) = 

28.55, p < .001), suggesting that when a correct response for a trial was made in the 

Meaning Coherence Judgement task, participants were then also likely to correctly 

identify the relevant ambiguous word meaning in the Explicit Disambiguation Task. 

For RTs on correct trials, a different pattern emerged: there was a significant effect of 

Ambiguity (χ2(1) = 58.16, p < .001; see Table 2.6 in section A.1 at the end of the 

chapter), but participants were faster selecting the correct meaning in Ambiguous 

trials (M = 2084.23; SD = 1149.43) compared to Unambiguous trials (M = 2269.95; 

SD = 1071.33).  
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3.2 Individual differences 

 

A summary of the individual differences measures can be found in Table 2.4. 

Descriptive statistics for demographic data that were used in the statistical models 

(Age and Education level) are shown in Table 2.1. Unsurprisingly, the individual 

difference variables were correlated to some extent (see Tables 2.7 and 2.8 in section 

A.2.1 at the end of the chapter). When there was no evidence of concerning levels of 

collinearity between the variables (as indicated by reasonably low (<4) Variance 

Inflation Factors (VIF), Table 2.9 in section A.2.2 at the end of the chapter, see 

O’Brien, 2007), individual difference measures and their interactions with Ambiguity 

were included in statistical models. However, more serious collinearity was evident 

for the Ambiguity x Education Level interaction (VIF = 33.22 for the accuracy model, 

and VIF = 36.07 for the RT model), suggesting that the variance explained by this 

interaction was shared with other variables in the model. As indicated in Table 2.8 in 

section A.2.1 at the end of the chapter, the Vocabulary variable explained a significant 

amount of variance in the Education variable; the Ambiguity x Education interaction 

was therefore removed from all models on the theoretical grounds that the Vocabulary 

and Education variables likely measured closely related concepts (O’Brien, 2007).  

 

Table 2.4 Summary statistics of the individual differences measures. 

Measure Mean (SD) Range 

Print exposure (proportion) 0.36 (0.15) 0.03 – 0.77 

Vocabulary knowledge (proportion) 0.58 (0.12) 0.24 – 0.82 

Sentence Memory Span  (proportion) 0.47 (0.14) 0.12 – 0.86 

Inhibitory control (proportion) 
(No-go-trial accuracy rate) 0.8 (0.14) 0.22 – 1 

Meaning access speed (ms) 
(Go-trial response time) 618.81 (88.79) 430.44 – 890.89 
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When accounting for individual differences in language experience, 

knowledge, and cognitive skills in the statistical models, the main effects of Ambiguity 

on accuracy (χ2(1) = 197.15, p < .001) and on RT (χ2(1) = 126.54, p < .001) that were 

observed in the analysis without individual difference factors remained significant. 

Importantly, these main effects were qualified by a number of interactions with 

individual difference measures (see Tables 2.10 and 2.11 in section A.2.2 at the end 

of the chapter).  

 

3.2.1 Age 

 

Participants’ age had a significant positive effect on the accuracy of Meaning 

Coherence decisions (χ2(1) = 5.91, p = .015; see Table 2.10 in section A.2.2 at the 

end of the chapter, and Figure 2.4), with older participants demonstrating greater 

accuracy than younger participants. This main effect was qualified by a significant 

Ambiguity x Age interaction (χ2(1) = 12.42, p < .001), which was further explored in 

two separate models predicting accuracy on the Ambiguous trials and the 

Unambiguous trials, respectively, from participants’ age. Older age only had a positive 

effect on accuracy in the Ambiguous (χ2(1) = 20.74, p < .001), but not the 

Unambiguous trials (χ2(1) = 0.004, p = . 947; see Figure 2.4 in section A.2.3 at the 

end of the chapter). 

 

There was also significant main effect of age on RTs in correct trials (χ2(1) = 

6.87, p = .009; see Table 2.11 in section A.2.2 at the end of the chapter); older 

participants were slower than younger participants at making accurate Meaning 

Coherence Judgements (see Figure 2.4 in section A.2.3 at the end of the chapter).  
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3.2.2 Education 

 

There were no significant effects of education level on the accuracy or on RTs of 

Meaning Coherence judgements (see Tables 2.10 and 2.11 in section A.2.2 at the 

end of the chapter). 

 

3.2.3 Print exposure 

 

There were no significant effects of readers’ Print exposure scores on the accuracy 

or on RTs of Meaning Coherence judgements (see Tables 2.10 and 2.11 in section 

A.2.2 at the end of the chapter). 

 

3.2.4 Vocabulary 

 

Participants’ Vocabulary knowledge had a significant effect on the accuracy of 

Meaning Coherence decisions (χ2(1) = 7.89, p = .005; see Table 2.10 in section A.2.2 

at the end of the chapter). Higher scores on the vocabulary test were associated with 

better performance on the Meaning Coherence Judgement task (see Figure 2.5 in 

section A.2.3 at the end of the chapter). However, there was also a marginally 

significant Vocabulary knowledge x Ambiguity interaction (χ2(1) = 3.74, p = .053), 

which was further explored in two separate models for Ambiguous trials, and for 

Unambiguous trials. Greater Vocabulary knowledge was associated with greater 

accuracy in Unambiguous trials (χ2(1) = 10.41, p = .001), but did not have a significant 

effect on accuracy in Ambiguous trials (χ2(1) = 2.81, p = .09).  

 

Although the main effect of Vocabulary on RTs in correct trials was not 

significant, there was a significant Ambiguity x Vocabulary interaction (χ2(1) = 4.6, p 
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= .032; see Table 2.11 in section A.2.2 at the end of the chapter). The interaction was 

further explored in two separate models predicting RTs in the Ambiguous trials and 

the Unambiguous trials, respectively, from Vocabulary scores. There was a trend 

towards an effect of Vocabulary on RTs in the Unambiguous trials, which did not 

survive correction for multiple comparisons (χ2(1) = 3.87, p = .049). In the Ambiguous 

trials, the effect of Vocabulary was not statistically significant (χ2(1) = 0.34, p = .562; 

see Table 2.11 in section A.2.2 at the end of the chapter).   

 

3.2.5 Sentence Memory Span 

 

There were no significant effects of Sentence Memory Span scores on the accuracy 

or on RTs of Meaning Coherence judgements (see Tables 2.10 and 2.11 in section 

A.2.2 at the end of the chapter). 

 

3.2.6 Inhibition 

 

Analyses revealed a significant effect of Inhibitory control on Meaning Coherence 

Judgement accuracy (χ2(1) = 12.41, p < .001; see Table 2.10 in section A.2.2 at the 

end of the chapter). Greater inhibition ability was associated with greater accuracy on 

the Meaning Coherence Judgement task, for both Ambiguous and Unambiguous 

sentences (χ2(1) = 8.7, p = .003, and χ2(1) = 8.82, p = .003; see Figure 2.6 in section 

A.2.3 at the end of the chapter). 

 

There was also significant effect of the Inhibitory control measure on RTs in 

correct trials (χ2(1) = 10.34, p = .001; see Table 2.11 in section A.2.2 at the end of the 

chapter); greater ability to inhibit prepotent responses was associated with faster 

responses in both conditions of the Meaning Coherence Judgement task (χ2(1) = 5.58, 
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p = .018, and χ2(1) = 13.34, p < .001; see Figure 2.6 in section A.2.3 at the end of the 

chapter).   

 

3.2.7 Meaning access speed 

 

The speed with which participants were able to access the meanings of single words 

had a significant effect on the accuracy of Meaning Coherence judgements, 

irrespective of the presence of ambiguity in the sentence (χ2(1) = 4.49, p = .034; see 

Table 2.10 in section A.2.2 at the end of the chapter). Greater meaning access speed 

was associated with higher accuracy rates (see Figure 2.7 in section A.2.3 at the end 

of the chapter).   

 

Analyses of RTs in correct trials also revealed a significant main effect of 

Meaning access speed (χ2(1) = 13.78, p < .001; see Table 2.11 in section A.2.2 at the 

end of the chapter), with greater meaning access speed associated with faster 

Meaning Coherence decisions (see Figure 2.7 in section A.2.3 at the end of the 

chapter).   

 

 

4. Discussion 

 

The present study investigated readers’ ability to recover from misinterpretations, and 

explored the effects of individual differences in experience- and knowledge-related 

variables, and cognitive skills on this ability. Results suggest robust group-level 

effects of reinterpretation demands, with lower comprehension accuracy and longer 

response times for Ambiguous semantic garden-path sentences compared to 

Unambiguous control sentences. In the following, group-level effects of Ambiguity will 
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be discussed first before considering the role of the individual difference variables in 

reading comprehension, and the recovery from misinterpretations more specifically. 

 

Processing costs associated with recovery from misinterpretations 

 

In the Meaning Coherence Judgement task, accuracy rates for the critical Ambiguous 

sentences were on average 16% below those for Unambiguous control sentences, 

and correct judgements in the Ambiguous condition were associated with an increase 

in response time of around 300 ms compared to the Unambiguous condition. These 

findings are consistent with previous research suggesting that the resolution of 

ambiguity comes with processing costs to reading time (e.g. Duffy et al., 1988; 

Ferreira & Clifton, 1986). Additionally, the detriments to accuracy in the Ambiguous 

sentences suggest that participants did not always successfully resolve lexical-

semantic ambiguities. It has been argued that readers do not always engage in costly 

reinterpretation processes. The “good enough” approach to language comprehension 

assumes that readers tend to engage in shallow, or good-enough, processing unless 

actively constrained to do so (e.g. Christianson, 2016; Christianson et al., 2001; 

Ferreira, 2003). Although the Meaning Coherence Judgement task in the present 

study required the processing of sentence meanings, the response options (“sense” 

and “nonsense”) allowed readers to leave ambiguities unresolved. Participants also 

encountered semantically anomalous sentences in the task where reinterpretation 

attempts were futile. Overall, the stimulus list composition and nature of the present 

task may therefore have particularly encouraged a good-enough processing strategy.  

 

An alternative explanation for the comparatively low accuracy rates for the 

semantic garden-path sentences is that readers were unable to resolve the 

ambiguities in some sentences because they may not have been familiar with the 



BLOTT (2019): DOWN THE GARDEN-PATH AND BACK AGAIN 

161 
 

subordinate meaning of the word. However, there is evidence to suggest that this 

explanation is unlikely. While infrequent in comparison to the dominant meanings, the 

subordinate meanings used in the stimuli were still common (e.g. the “factory” 

meaning of “plant” is not obscure). Pilot testing of the stimuli also indicated that 

individuals from the same participant pool as those tested in the main experiment 

were familiar with both meanings of the ambiguous words. The present data are 

therefore better interpreted as a case of task-related good-enough processing. The 

results of the study therefore add to the evidence for processing costs related to 

reinterpretation demands, and for the “good enough” approach to language 

processing. 

 

Similar to the results from the Meaning Coherence Judgement task, which 

offered a more implicit measure of disambiguation ability, the Explicit Disambiguation 

task also revealed significant Ambiguity effects. Intriguingly, the results from the 

Explicit Disambiguation task showed that even when participants were explicitly made 

aware that sentences could have more than one interpretation, and were given the 

subordinate (correct) meaning as a response option, they still misinterpreted semantic 

garden-path sentences in a substantial proportion of trials (24%). This finding may be 

surprising at first, considering that the Explicit Disambiguation task was assumed to 

reduce the processing demands of the garden-path sentences; readers encountered 

the sentences for the second time, and should have been able to resolve the 

ambiguity without having to search for the subordinate (and thus less familiar) 

meaning of the ambiguous word. The low accuracy for semantic garden-paths in the 

Explicit Disambiguation task may be explained by the lingering of initial 

misinterpretations committed in the Meaning Coherence Judgement task. The close 

relationship between accuracy of Meaning Coherence judgements and meaning 

selections in the Explicit Disambiguation Task suggests that when readers were able 

to recover from their misinterpretation during the first encounter with the sentence 
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(Meaning Coherence Judgement task), they also tended to be able to explicitly select 

the correct meaning of the ambiguous word upon a second encounter (Explicit 

Disambiguation task). In contrast, when readers were unable to recover from the 

misinterpretation and gave an incorrect response in the Meaning Coherence 

Judgement task, making them explicitly aware of the different potential meanings of 

the main noun in the Explicit Disambiguation task did not help them. Instead, they 

seemed to persist with their initial (incorrect) sentence interpretation (see discussions 

of semantic persistence in e.g. Christianson et al., 2001; Christianson & Luke, 2011; 

Patson et al., 2009; van Gompel et al., 2006). One reason for this persistence may 

be that throughout performance of the Meaning Coherence Judgement task, 

participants came to expect to encounter sentences that contained an ambiguous 

noun but that were semantically anomalous. Although instructions for the Explicit 

Disambiguation task did not mention anomalies, readers may not have been 

motivated to update any initial sentence-level meaning representations they had 

established during performance of the Meaning Coherence Judgement task. Instead, 

the presence of the easier-to-access dominant meaning as a response option in the 

Explicit Disambiguation task may have encouraged this loyalty to an initial 

interpretation, even when the resulting sentence-level representation was anomalous.  

An alternative explanation for the persistence of Ambiguity effects on accuracy in the 

Explicit Disambiguation task may be the demands of the task itself. Having to 

consciously choose between two meaning alternatives where both fit to a single word 

within the sentence, but one conflicts with the meaning of the sentence, may have 

posed additional cognitive load on inhibition processes, thus making a decision for an 

Ambiguous sentence more difficult than that for an Unambiguous sentence.  

 

In addition to the Ambiguity effects on accuracy rates in the Explicit 

Disambiguation task, there was also a significant effect of Ambiguity on response 

times in this task. Contrary to the results from the Meaning Coherence Judgement 
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task, when readers successfully selected the appropriate meaning for a word, their 

response times were faster for semantic garden-path compared to Unambiguous 

sentences. Although perhaps counterintuitive at first, this results may be explained by 

readers having encountered the sentences for the second time. Participants were 

faster to reject a foil option (i.e. an incorrect dominant meaning) when they had 

already activated and inhibited it during a first encounter of the sentence in the 

Meaning Coherence Judgement task. Instead, the rejection of an entirely unrelated 

foil option for the Unambiguous sentences may have required additional search and 

integration attempts.  

 

Individual differences  

 

The results from the Meaning Coherence Judgement task not only revealed group-

level effects of Ambiguity on accuracy and response times, but also significant effects 

of individual differences in reader characteristics on task performance. Older age, 

greater Vocabulary knowledge, better Inhibitory control, and faster Meaning access 

speed were beneficial for performance on the Meaning Coherence Judgement task. 

In contrast, readers’ Education level, Print exposure, and Sentence Memory Span did 

not have a statistically significant effect on task performance over and above the other 

individual differences variables.  

 

Readers’ age had a significant effect on performance of the Meaning 

Coherence Judgement task. As expected, older participants tended to respond more 

slowly than younger participants (see e.g. Just & Carpenter, 1992; Salthouse, 1992). 

Perhaps more surprisingly, accuracy in the Meaning Coherence Judgement task 

improved with increasing age. More specifically, older age was associated with 

particular benefits for the recovery from misinterpretations in the Ambiguous 
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condition, while no such age effect was apparent for comprehension accuracy of 

Unambiguous sentences. Although it is likely that the lack of age effect in the 

Unambiguous condition was driven by a ceiling effect (the condition was generally 

associated with high accuracy of about 95%), it is intriguing that older age was 

beneficial and not detrimental to the recovery from semantic garden-paths. Previous 

studies on cognitive ageing have instead suggested that older adults may not be able 

to use context to resolve lexical ambiguity as efficiently as younger adults (Dagerman 

et al., 2006; Lee & Federmeier, 2011; Meyer & Federmeier, 2010). In contrast, the 

present results suggest that older age allowed for greater success of reinterpretation 

processes. However, it is possible that the age-related advantage in comprehension 

in the present study may have been driven by a speed-accuracy trade-off. As 

indicated by the detrimental effect of age on RTs, older readers tended to spend more 

time on task than did younger readers. Older participants may therefore have been 

more likely to be able to complete reinterpretation processes. Tentative support for 

this explanation comes from a study by Kemper and colleagues (2004), which 

suggested that when reinterpretation was required, older adults were more likely to 

rely on physically re-reading sentences. In the present study, older readers may 

therefore have relied on a processing strategy that allowed them to perform well on 

the task by trading off response speed in favour of response accuracy. The present 

data thus provide a first step for further investigations into the effects of age on the 

recovery from semantic garden-path sentences specifically. In particular, measures 

of on-line processing are needed to determine the type of reading strategies that 

different participants may have used in this task.  

 

Performance in the Meaning Coherence Judgement task was also significantly 

affected by readers’ Vocabulary knowledge. Readers with greater lexical knowledge 

tended to achieve greater accuracy in sentence judgements, suggesting that higher 

quality lexical representations were associated with superior word-to-text integration 
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ability (Adlof et al., 2006; Braze et al., 2007; Cromley & Azevedo, 2007; Landi, 2010). 

A trend towards an Ambiguity x Vocabulary interaction further suggested that greater 

Vocabulary knowledge was particularly beneficial for comprehension outcomes on 

Unambiguous trials. In contrast, the recovery from semantic garden-paths in the 

Ambiguous trials was not significantly affected by readers’ Vocabulary knowledge. 

Complementing the results for comprehension outcomes, greater Vocabulary 

knowledge was also associated with faster RTs in the Unambiguous, but not the 

Ambiguous trials. These results may be counterintuitive at first, as it may have been 

expected that the recovery from misinterpretations, rather than comparatively 

straightforward sentence processing, may be particularly reliant on readers’ lexical 

representations. One explanation for the present results is that sentences that did not 

require resource-intensive revision processes (i.e. Unambiguous sentences) allowed 

readers to benefit from greater Vocabulary knowledge, and associated lexical access 

and word-to-text integration procedures. In contrast, the additional processing 

demands for semantic garden-paths may counteract these benefits to comprehension 

speed and accuracy. Put differently, for readers with less elaborated, lower quality 

lexical representations, the establishment of even simple sentence-level meaning 

representations may have required additional processing resources. For example, 

low-vocabulary readers may have needed to spend extra time on their decisions, or 

engage in physical re-reading even for comparatively simple sentences (see 

Christianson et al., 2017). On the other hand, more stable and precise lexical 

representations may allow high-vocabulary readers to exert processing effort in a 

more targeted manner, for example by spending additional time (for decisions or re-

reading) only for sentences in which they encountered a processing difficulty and 

needed to revise an initial interpretation. Readers with greater Vocabulary knowledge 

therefore experienced exaggerated garden-path effects compared to readers with 

comparatively lower levels of Vocabulary knowledge.  
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An alternative explanation for the Vocabulary results is that the rolling 

presentation used in the present study worked to disrupt the reading process to 

different degrees, depending on participants’ level of Vocabulary knowledge. The 

rolling presentation revealed sentences word-by-word without requiring substantial 

working memory resources. As such, the presentation was similar to the moving-

window paradigm, where sentence parts are revealed sequentially. Veldre and 

Andrews (2014) found that reducing the size of the “windows” in the moving-window 

paradigm disproportionately disrupted the reading behaviour of readers with more 

efficient lexical access processes compared to less-efficient readers. Allowing 

readers only a glimpse of the upcoming material at a time, and at a presentation rate 

that may be slower than their usual reading speed may force skilled readers to slow 

down. Similarly, parafoveal preview (i.e. the ability to process information on which 

the eye is not directly fixated) has been found to be particularly beneficial for skilled 

readers (Chace, Rayner, & Well, 2005),  suggesting that rapid lexical access at word 

n allows skilled readers to allocate their attention to the following word n+1 earlier. 

The rolling presentation paradigm may therefore have affected the reading behaviour 

of high-vocabulary readers disproportionately. As words are revealed incrementally 

in the rolling presentation format, readers with high-quality lexical representations and 

associated word-to-text integration ability may be able to develop comparatively 

stable sentence-level meaning representations. This ability may be an advantage for 

the comprehension of Unambiguous sentences that do not require revision 

processes. However, when processing the semantic garden-paths, readers with high 

quality lexical representations may be at a disadvantage in this presentation format. 

Establishing a stable sentence-level meaning representation where the dominant 

meaning of the ambiguous word is already firmly integrated into the sentence-level 

interpretation may lead to digging-in effects, whereby it becomes harder to revise an 

initial meaning selection (Christianson et al., 2001; Ferreira & Henderson, 1991; 

Tabor & Hutchins, 2004). This interpretation of the present results therefore assumes 
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that the exaggerated garden-path effects observed for high-vocabulary readers are a 

consequence of the particular demands of the presentation format.  

 

With the present data it is unfortunately not possible to distinguish between an 

explanation that assumes format-specific processing, or a more general explanation 

in terms of decision or (re-)reading behaviour. Chapter 5 specifically addresses the 

question whether different presentation formats modulate the processing costs 

associated with reinterpretation, while Chapters 3 and 4 use on-line measures of 

reading (eye-tracking and self-paced reading) to investigate the role of vocabulary 

knowledge on reading behaviour, both with and without a Meaning Coherence 

Judgement task. A conclusion that can be drawn from the present results, however, 

is that high-quality lexical representations and associated advantages for word-to-text 

integration procedures result in exaggerated garden-path effects, suggesting that 

high-vocabulary readers’ sensitivity to sentence processing demands may be 

enhanced.  

 

Accuracy and RTs in the Meaning Coherence Judgement task were also more 

generally affected by readers’ Meaning access speed and Inhibitory control. Faster 

Meaning access speed, and greater ability to inhibit prepotent responses were both 

associated with greater accuracy and faster responses in the Meaning Coherence 

Judgement task, for Ambiguous and Unambiguous sentences alike. The present 

results suggest that adult readers’ single-word lexical processing speed is not only 

related to the speed with which they can establish sentence-level meaning 

representations, but that it can also affect their comprehension ability. Similarly, 

previous research with children has found comprehension ability to be related to 

lexical processing speed (Borella et al., 2010; Borella & de Ribaupierre, 2014; Lee 

Swanson et al., 2006; Joshi & Aaron, 2000). Measures of on-line processing that allow 
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the tracking of word-by-word processing (e.g. eye-tracking) may be able to further 

elucidate the link between single-word lexical access and sentence-level processing. 

 

The results for the Inhibitory control measure may be surprising considering 

that some models of ambiguity resolution predict that the revision of an initially 

selected interpretation requires the suppression of that interpretation, while no such 

need for suppression is postulated for unambiguous sentences (Gernsbacher & 

Faust, 1991). One explanation for this apparent discrepancy is that the present 

measure of inhibition did not capture the type of suppression ability required during 

sentence processing. Inhibitory control was measured using responses on No-Go 

trials in a semantic Go/No-Go task. The task may have captured motor inhibition as it 

required the inhibition of a manual button press. It is not clear whether inhibition 

processes during motor tasks are related to cognitive inhibition processes. 

Alternatively, the Inhibitory control measure may have captured a more general “task 

performance” skill, which would explain its general relationship with performance in 

the Meaning Coherence Judgement task.  

 

Contrary to the idea that readers’ experience with language and practice with 

difficult linguistic material may be advantageous for the recovery from 

misinterpretations (e.g. Kuperman & Van Dyke, 2011; MacDonald & Christiansen, 

2002), neither the measure of Education level nor the measure of Print exposure used 

in the present study influenced performance on the Meaning Coherence Judgement 

task when other individual difference factors were taken into account. One 

explanation for the lack of effects of these experience-based individual difference 

variables is that the measures chosen for the present study may not have been 

successful in capturing readers’ language experience. The binarisation of the 

Education variable into readers with and without university-level education, for 

example, was highly artificial. It is plausible that a reader’s experience and practice 
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with complex language is not directly related to them having experienced university-

level education or not. Even the more direct measure of experience with written 

materials, the reading habits questionnaire, failed to show a significant effect on 

Meaning Coherence Judgement task performance. Although this result is in contrast 

to previous studies that have reported reading comprehension benefits with 

increasing print exposure (Cipielewski & Stanovich, 1992; Guthrie et al., 1999; 

McBride-Chang et al., 1993), one explanation for the lack of effects of this factor in 

the present study may be that in the present study, Print exposure was not considered 

in isolation but instead its influence was investigated whilst also taking into account a 

set of other individual difference variables. A conclusion that may be drawn from the 

present results is therefore that Print exposure does not have a unique influence on 

reading comprehension, or, specifically, the recovery from misinterpretations. 

Alternatively, however, it is possible that the reading habits questionnaire used in the 

present study was subject to social desirability effects as the measure relied on 

participants’ self-assessment. A more suitable measure may be a more implicit task 

such as the Author Recognition Test (Keith E. Stanovich & West, 1989a), where 

participants are asked to identify authors from a list of names. Although the lack of 

effects of the two language experience variables in the present study is intriguing, it 

would be premature to conclude that Print exposure, or language experience more 

generally, does not factor into the ability to recover from semantic garden-paths. 

Future research is needed to probe language experience more reliably, for example, 

by using standardised measures such as the Author Recognition Test.  

 

Similar to the Education and Print exposure measures, the Sentence Memory 

Span task was not found to affect accuracy or RTs in the Meaning Coherence 

Judgement task. This result was surprising, considering the large amount of studies 

that have reported effects of verbal working memory measures on reading 

comprehension (e.g. Baddeley, Logie, Nimmo-Smith, & Brereton, 1985; Carretti, 
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Borella, Cornoldi, & De Beni, 2009; Daneman & Carpenter, 1980; Daneman & Merikle, 

1996; Just & Carpenter, 1992; Miyake et al., 1994). In particular, off-line measures 

such as the accuracy of sentence judgements have previously been associated with 

working memory effects (Caplan & Waters, 1999; Waters & Caplan, 1996a). Again, 

one explanation for the lack of effect of Sentence Memory Span in the present study 

may be that sentence-level working memory did not have a unique effect on task 

performance over and above the other individual differences factors. Although there 

were no serious issues with collinearity between measures, Sentence Memory Span 

scores were moderately correlated with readers’ age (r = .22, p < .001), Vocabulary 

knowledge (r = .32, p < .001), and Meaning access speed (r = .24, p < .001). It may 

therefore be the case that the Sentence Memory Span measure captured an 

underlying “language processing skill”, which was also captured by the other 

variables. This explanation is in line with interpretations of other reading span tasks, 

which have been proposed previously, for example by MacDonald and Christiansen 

(2002). Similarly, Twilley and Dixon (2000) have suggested that readers who perform 

well on traditional span tasks may be able to maintain more detailed and elaborated 

representations of sentence context. This interpretation links verbal working memory 

span directly to word-to-text integration ability, which in turn is influenced by the quality 

of lexical representations and the speed with which they can be accessed and 

integrated on-line. Following this logic, it is no longer surprising that the Sentence 

Memory Span measure did not explain any variance in the ability to recover from 

misinterpretations over and above the measures that more directly captured 

Vocabulary knowledge and Meaning Access speed. An alternative explanation for the 

lack of sentence-level working memory effects on language processing, however, is 

that the Sentence Memory Span task was not a standardised task, and may therefore 

not have been able to reliably capture verbal working memory.  
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As the difficulty in interpreting the lack of effects of language experience 

variables and the Sentence Memory Span measure demonstrate, a weakness of the 

present study was that for most of the individual difference variables, non-

standardised measures were used. It was unfortunately not possible to use 

standardised tests for all variables, as participants completed the study online. For 

this purpose, it was necessary to develop tasks that were possible to complete without 

the presence of an experimenter. Web-based research allows the recruitment of 

larger sample sizes, hard-to-reach populations, and the relatively cost-effective study 

of human behaviour. As this type of research grows in popularity, it will therefore be 

necessary for psychologists to develop and standardise online-friendly tasks to 

capture common variables of interest. Encouragingly, however, many results found in 

the present study were consistent with previous literature, or at least able to be 

reconciled with prior results.  

 

The present study confirmed the results from a wealth of previous studies 

suggesting that there are robust group-level processing costs associated with the 

recovery from misinterpretations, and that readers will engage in good-enough 

processing if licensed to do so (e.g. Christianson et al., 2001; Duffy et al., 1988). 

Additionally, the results from this study extend the previous literature by showing that 

these “garden-path” effects are variable across individuals. In particular, it was found 

that readers were more likely to ultimately arrive at the correct interpretation of a 

semantic garden-path sentence, and were quicker to do so, when they could rely on 

rapid access to high-quality lexical representations. Arguably the most interesting 

results were those for the measure of Vocabulary knowledge. Greater lexical 

knowledge was advantageous for the rapid and successful establishment of a 

coherent sentence-level meaning representation when sentences were 

straightforward to interpret (Unambiguous condition). However, readers with greater 

Vocabulary knowledge experience exaggerated garden-path effects for sentences 
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that required reinterpretation (Ambiguous condition). This finding suggests that higher 

quality lexical representations and associated advantages in word-to-text integration 

may allow readers to react more flexibly to different sentence processing demands. 

The role of “lexical expertise”, readers’ lexical knowledge and experience, during on-

line processing of semantic garden-path sentences is explored further in Chapter 3. 
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A. Statistical models 

A.1 Group-level effects of reinterpretation demands 

Table 2.5 Effect of Ambiguity on accuracy and response times in the Meaning Coherence 
Judgement task. Models were fitted to data from the Ambiguous and the Unambiguous 
conditions only; for RTs, only correct trials were included. Fixed effect parameter estimates, 
standard error (SE), z- and t-values, and Chi-squared and p-values from likelihood ratio tests 
are reported. Maximal models were structured as follows: Dependent variable ~ 1 + Ambiguity 
+ (1 | Items) + (1 + Ambiguity | Subjects) 

Model Predictor  β SE z χ2 p   

Accuracy Intercept 2.69 0.18 14.62       

  Ambiguity 1.91 0.13 14.59 182.17 < .001 * 

        

   β SE t χ2 p  

RT Intercept 3.22 0.01 246.1       

  Ambiguity -0.08 0.01 -13.8 117.18 < .001 * 

                
*Statistically significant at α = .05   

 

 

Table 2.6 Effect of Ambiguity on accuracy and response times in the Explicit Disambiguation 
task. For RTs, only correct trials were included. Fixed effect parameter estimates, standard 
error (SE), z- and t-values, and Chi-squared and p-values from likelihood ratio tests are 
reported. Maximal models were structured as follows: Dependent variable ~ 1 + Ambiguity + 
(1 | Items) + (1 + Ambiguity | Subjects). A by-subject random slope for Ambiguity was not 
included in the Accuracy model due to convergence issues.  

Model Predictor β SE z χ2 p   

Accuracy Intercept 6.02 0.63 9.51       

  Ambiguity 7.84 0.45 17.46 1112.8 < .001 * 

        

   β SE t χ2 p   

RT Intercept 3.28 0.01 317.13       

  Ambiguity 0.05 0.01 8.23 58.16 < .001 * 

                
*Statistically significant at α = .05   
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A.2 Individual differences 

A.2.1 Relationships between individual differences measures 

Table 2.7 Pearson correlations between continuous individual differences measures. 

      Age 
Print 

exposure 

Vocabulary 

knowledge 

Sentence 

Memory 

Span 

Inhibitory 

control 

Meaning 

access 

speed 

Age  
Pearson’s r —      

p-value —      

Print exposure  
Pearson’s r -0.03 —     

p-value 0.663 —     

Vocabulary 

knowledge 

Pearson’s r 0.27 0.27 —    

p-value < .001 < .001 —    

Sentence 

Memory Span   

Pearson’s r -0.22 0.12 0.32 —   

p-value < .001 .054 < .001 —   

Inhibitory 

control  

Pearson’s r 0.25 0.21 0.32 0.09 —  

p-value < .001 < .001 < .001 0.152 —  

Meaning 

access speed  

Pearson’s r 0.43 -0.16 -0.15 -0.24 0.2 — 

p-value < .001 .006 .011 < .001 < .001 — 

 

 

Table 2.8 Relationships between education level and other individual difference measures. 

 Predictor  β SE z p   

Education Intercept -3.81 1.41 -2.71 0.007 * 

  Age -0.03 0.01 -2.37 0.018 * 

  Print exposure 0.21 0.95 0.22 0.823   

  Vocabulary 6.72 1.45 4.64 < .001 * 

  Sentence Memory Span 2.01 1.08 1.86 0.063   

  Inhibitory control 2 1.12 1.79 0.074  
  Meaning access speed -0.002 0.002 -1.34 0.18  
       

*Statistically significant at α = .05 
   

Model summary  χ2(1) = 63.26, p < .001; Nagelke R2 = 0.27   
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A.2.2 Individual differences in the Meaning Coherence Judgement Task 

Table 2.9 Variance inflation factors (VIFs) for the accuracy and RT models. 

Model Predictor VIF 

Accuracy   

 Age 1.61 

 Education 1.18 

 Print exposure 1.24 

 Vocabulary 1.68 

 Sentence Memory Span 1.41 

 Inhibitory control 1.32 

 Meaning access speed 1.51 

 Ambiguity x Age 1.82 

 Ambiguity x Education 33.22 

 Ambiguity x Print exposure 1.3 

 Ambiguity x Vocabulary 2.09 

 Ambiguity x Sentence Memory Span 1.57 

 Ambiguity x Inhibitory control 1.46 

 Ambiguity x Meaning access speed 1.67 

   

RT Age 1.54 
 Education 1.01 
 Print exposure 1.13 

 Vocabulary 1.54 

 Sentence Memory Span 1.26 

 Inhibitory control 1.24 

 Meaning access speed 1.43 

 Ambiguity x Age 1.52 
 Ambiguity x Education 36.07 
 Ambiguity x Print exposure 1.14 
 Ambiguity x Vocabulary 1.49 
 Ambiguity x Sentence Memory Span 1.25 
 Ambiguity x Inhibitory control 1.24 
 Ambiguity x Meaning access speed 1.42 
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Table 2.10 Effect of Ambiguity, individual differences and their interactions on accuracy in the 
Meaning Coherence Judgement task. Models were fitted to data from the Ambiguous and the 
Unambiguous conditions only. Fixed effect parameter estimates, standard error (SE), z-
values, and Chi-squared and p-values from likelihood ratio tests are reported. Maximal models 
were structured as follows: Accuracy ~ 1 + Ambiguity + Individual difference measures + 
Ambiguity : Individual difference measures + (1 | Items) + (0 + Individual difference measures 
| Items) + (1 | Subjects) + (0 + Ambiguity | Subjects). Models included fixed effects of 
Ambiguity, all individual difference measures, and their interactions. An interaction of 
Ambiguity x Education was excluded due to high collinearity. Correlations between random 
effects were removed due to convergence issues. Separate post-hoc models were run for 
Ambiguous trials only, and for Unambiguous trials only to investigate the nature of interactions. 

Model Predictor  β SE z χ2 p   

Accuracy (all 
trials) Intercept 2.68 0.43 6.22       

  Ambiguity 1.84 0.11 16.72 197.15 < .001 * 

  Age 0.25 0.1 2.49 5.91 0.015 * 

  Education 0.06 0.81 0.08 0.01 0.94   

  Print exposure 0.08 0.08 0.96 0.9 0.344   

  Vocabulary 0.29 0.1 2.88 7.89 0.005 * 

  Sentence Memory Span 0.15 0.09 1.75 2.93 0.087   

  Inhibitory control 0.29 0.08 3.62 12.41 < .001 * 

  Meaning access speed -0.21 0.09 -2.18 4.49 0.034 * 

  Ambiguity x Age -0.45 0.13 -3.6 12.42 < .001 * 

  Ambiguity x Print exposure -0.05 0.1 -0.47 0.21 0.651   

  Ambiguity x Vocabulary 0.25 0.13 1.98 3.74 0.053 (*) 

  
Ambiguity x Sentence 
Memory Span -0.09 0.11 -0.81 0.62 0.432   

  Ambiguity x Inhibitory control 0.11 0.1 1.16 1.3 0.255   

  
Ambiguity x Meaning access 
speed 0.12 0.12 1.06 1.08 0.299   

        

*Statistically significant at α = .05  

        

   β SE z χ2 p  

Ambiguous 
trials Intercept 1.76 0.44 3.97       

  Age 0.48 0.1 4.87 20.74 < .001 * 

  Education 0.25 0.81 0.3 0.09 0.763   

  Print exposure 0.1 0.08 1.24 1.51 0.22   

  Vocabulary 0.17 0.1 1.71 2.81 0.09  

  Sentence Memory Span 0.22 0.08 2.65 6.63 0.01 * 

  Inhibitory control 0.24 0.08 3.02 8.7 0.003 * 

  Meaning access speed -0.29 0.09 -3.08 8.72 0.003 * 

        

Unambiguous 
trials Intercept 5.11 0.84 6.11       

  Age -0.01 0.17 -0.07 0.004 0.947   

  Education -0.27 1.67 -0.16 0.03 0.871   

  Print exposure 0.11 0.15 0.74 0.55 0.459   

  Vocabulary 0.56 0.17 3.26 10.41 0.001 * 
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  Sentence Memory Span 0.12 0.16 0.74 0.55 0.459   

  Inhibitory control 0.43 0.14 3.06 8.82 0.003 * 

  Meaning access speed -0.28 0.18 -1.56 2.34 0.126   

  
*Statistically significant at α = .025  

 

Table 2.11 Effect of Ambiguity, individual differences and their interactions on RTs in the 
Meaning Coherence Judgement task. Models were fitted to data from the Ambiguous and the 
Unambiguous conditions only; for RTs, only correct trials were included. Fixed effect 
parameter estimates, standard error (SE), t-values, and Chi-squared and p-values from 
likelihood ratio tests are reported. Maximal models were structured as follows: Dependent 
variable ~ 1 + Ambiguity + Individual difference measures + Ambiguity : Individual difference 
measures + (1 | Items) + (0 + Individual difference measures | Items) + (1 | Subjects) + (0 + 
Ambiguity | Subjects). Models included fixed effects of Ambiguity, all individual difference 
measures, and their interactions. An interaction of Ambiguity x Education was excluded due 
to high collinearity. Correlations between random effects were removed due to convergence 
issues. Separate post-hoc models were run for Ambiguous trials only, and for Unambiguous 
trials only to investigate the nature of interactions. In the Unambiguous trials model, the 
random slope that explained the least variance was removed (Meaning access speed) due to 
convergence issues.  

Model Predictor  β SE t χ2 p   

RTs (all trials) Intercept 3.18 0.06 56.64       

  Ambiguity -0.08 0.01 -14.16 126.54 < .001 * 

  Age 0.03 0.01 2.58 6.87 0.009 * 

  Education 0.08 0.11 0.72 0.54 0.462   

  Print exposure -0.004 0.01 -0.36 0.14 0.713   

  Vocabulary -0.01 0.01 -1.22 1.57 0.21   

  
Sentence Memory 
Span -0.01 0.01 -0.93 0.92 0.338   

  Inhibitory control -0.03 0.01 -3.18 10.34 0.001 * 

  Meaning access speed 0.04 0.01 3.7 13.78 < .001 * 

  Ambiguity x Age 0.01 0.01 0.77 0.62 0.431   

  
Ambiguity x Print 
exposure 0.001 0.01 0.18 0.03 0.859   

  
Ambiguity x 
Vocabulary -0.01 0.01 -2.11 4.6 0.032 * 

  
Ambiguity x Sentence 
Memory Span 0.01 0.01 1.57 2.57 0.109   

  
Ambiguity x Inhibitory 
control -0.01 0.01 -1.5 2.3 0.13   

  
Ambiguity x Meaning 
access speed 0.01 0.01 1.36 1.9 0.168   

        

*Statistically significant at α = .05  

        

   β SE t χ2 p  

Ambiguous 
trials 

Intercept 
3.19 0.06 52.79      

  Age 0.03 0.01 2.09 4.55 0.033 ˥ 

  Education 0.14 0.12 1.14 1.33 0.248   

  Print exposure -0.01 0.01 -0.48 0.24 0.624   
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  Vocabulary -0.01 0.01 -0.56 0.34 0.562  

  
Sentence Memory 
Span -0.01 0.01 -1.27 1.69 0.194   

  Inhibitory control -0.03 0.01 -2.33 5.58 0.018 * 

  Meaning access speed 0.04 0.01 3.19 10.3 0.001 * 

        

Unambiguous 
trials 

Intercept 
3.17 0.06 55.01       

  Age 0.03 0.01 2.77 7.85 0.005 * 

  Education 0.04 0.11 0.33 0.11 0.737   

  Print exposure -0.003 0.01 -0.32 0.11 0.742   

  Vocabulary -0.02 0.01 -1.93 3.87 0.049 ˥ 

  
Sentence Memory 
Span -0.01 0.01 -0.43 0.2 0.658   

  Inhibitory control -0.04 0.01 -3.64 13.34 < .001 * 

  Meaning access speed 0.05 0.01 4.1 16.69 < .001 * 

                
˥Statistically significant at α = .05   

*Statistically significant at α = .025  

 

 

A.2.3 Scatterplots of individual differences in the Meaning Coherence 

Judgement Task 

 

The following scatterplots illustrate the effects of each individual difference variable 

on accuracy and RTs in the Meaning Coherence Judgement task, without taking into 

account the effects of the other individual differences. As such, the plots may 

sometimes provide a different picture from the statistical models, which sought to 

estimate the unique effect of each individual difference variable. Plots are included 

here to visually supplement the results reported in section A.2.2, but need to be 

considered in light of the statistical results.  
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Figure 2.4 Age effects on accuracy and response times in the Meaning Coherence Judgement 
task. Scatterplots show each participant’s mean accuracy score (top panel) and mean RT 
(bottom panel) for Ambiguous and Unambiguous trials, and their Age; regression line shows 
95% confidence interval. 
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Figure 2.5 Vocabulary effects on accuracy and response times in the Meaning Coherence 
Judgement task. Scatterplots show each participant’s mean accuracy score (top panel) and 
mean RT (bottom panel) for Ambiguous and Unambiguous trials, and their Vocabulary score; 
regression line shows 95% confidence interval. 
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Figure 2.6 Inhibitory control effects on accuracy and response times in the Meaning 
Coherence Judgement task. Scatterplots show each participant’s mean accuracy score (top 
panel) and mean RT (bottom panel) for Ambiguous and Unambiguous trial, and their Inhibitory 
control score; regression line shows 95% confidence interval. 
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Figure 2.7 Meaning access speed effects on accuracy and response times in the Meaning 
Coherence Judgement task. Scatterplots show each participant’s mean accuracy score (top 
panel) and mean RT (bottom panel) for Ambiguous and Unambiguous trials, and their Meaning 
access speed; regression line shows 95% confidence interval. 
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1. Introduction 

 

Resolving the ambiguity in sentences like “The plant had been difficult to build” relies 

on access to lexical information. As discussed in Chapter 1, how this information is 

represented may determine the success of recovery from an initial mis-selection of 

ambiguous word meanings (see e.g. Perfetti & Hart, 2002; Perfetti & Stafura, 2014). 

The quality of lexical representations is thought to affect word-to-text integration 

processes, with weaker representations likely to cause disruption to comprehension 

processes (Perfetti & Stafura, 2014). Similarly, exposure to linguistic material has 

been argued to be advantageous for reading comprehension (e.g. Farmer, Misyak, & 

Christiansen, 2012; MacDonald & Christiansen, 2002; Stanovich & West, 1989). 

Extensive experience with language structures, and encountering words in diverse 

contexts may support the development of efficient reading procedures, and, in 

particular, processing strategies to resolve interpretation difficulties (e.g. Farmer et 

al., 2012; MacDonald & Christiansen, 2002; MacDonald et al., 1994). Readers’ 

“lexical expertise” – their accumulated lexical knowledge and language experience – 

may therefore affect the processing of semantic garden-path sentences like the 

example above. In the experiment presented in Chapter 2, readers with greater 

vocabulary knowledge tended to experience exaggerated garden-path effects, 

suggesting that greater lexical expertise may allow for greater sensitivity to the 

processing demands of different types of linguistic stimuli. Importantly, however, the 

experiment did not investigate sentence processing on-line, and the data therefore 

did not allow for inferences about the effects of lexical expertise on reading behaviour. 

To better understand how readers’ lexical expertise affects reinterpretation 

processes, it is vital to also investigate reading behaviour on-line.    
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Although lexical access and word-to-sentence integration processes are 

subject to individual differences even among literate adults, very few studies have 

investigated the role of lexical knowledge during on-line sentence processing in adult 

readers (but see e.g. Federmeier, McLennan, De Ochoa, & Kutas, 2002). Previous 

research investigating eye movement behaviour during reading suggests that greater 

lexical expertise is associated with facilitated word recognition and lexical access 

(Ashby et al., 2005), and more efficient incremental sentence-level processing (Luke 

et al., 2015; Payne et al., 2012; Taylor & Perfetti, 2016; Wells et al., 2009). However, 

there is currently a gap in the literature concerning the role of lexical expertise in on-

line reading behaviour, and its relationship with the ability to recover from 

misinterpretations.  

 

The main aim of the present study was to investigate how readers’ lexical 

expertise affects the recovery from misinterpretations during on-line processing. 

Similar to the experiment in Chapter 2, participants completed a Meaning Coherence 

Judgement task on semantic garden-path sentences, in which an unbalanced 

ambiguous noun (e.g. “plant”) was disambiguated towards an unexpected, 

subordinate meaning later on in the sentence (see Example (12)). During sentence 

reading, eye movements were recorded to provide measures of on-line processing 

without interrupting natural reading processes. As eye-tracking measures have 

previously been shown to be sensitive to individual differences, they offer an ideal 

opportunity to investigate the role of lexical expertise during on-line processing (e.g. 

Hyönä, Lorch, & Kaakinen, 2002; Kemper & Liu, 2007; Kuperman & Van Dyke, 2011). 

 

(12) The newspaper reported that the plant had been very difficult to build from 

the start. 
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To investigate reading behaviour related to the recovery from misinterpretations, eye-

tracking data for these semantic garden-path sentences (Ambiguous condition) was 

compared to matched sentences in which the ambiguous main noun was replaced 

with an unambiguous word (Unambiguous condition). The critical point of comparison 

was the sentence region that contained the disambiguating information for the main 

noun (the Disambiguating region, e.g. “build”). As discussed in Chapter 1, it was 

assumed that in the Ambiguous sentences, readers would initially select the dominant 

“botanical organism” meaning of “plant” (Twilley & Dixon, 2000). It was therefore 

expected that encountering the disambiguating information would lead to processing 

difficulty (a garden-path effect) as the “botanical organism” meaning turns out to be 

incorrect. The task required participants to decide whether each sentence made 

sense or was nonsense. Accurate responses therefore indicated whether readers had 

been successful in establishing a coherent sentence-level meaning representation by 

engaging in reinterpretation, and activating and integrating the subordinate meaning 

of the ambiguous word into the sentence context.  

 

Reading behaviour was measured in three regions-of-interest: the Main Noun 

region (e.g. “plant”), the Disambiguation region (e.g. “build”), and the immediately 

adjacent region (e.g. “from the”) to account for effects of the processing difficulty 

“spilling over” into the next two function words (Spill-over region). Eye movement 

measures allowed for the investigation of reading times during a first-pass through 

the sentence (first-fixation duration, gaze duration, go-past time), the initiation of 

leftward eye movements back to previous sentence regions (probability of making a 

saccadic regression out of a region), and re-reading times (second-pass reading 

time). Measures of readers’ Vocabulary knowledge and Print exposure were related 

to on-line reading behaviour in the regions-of-interest, total sentence reading time, 

and accuracy in the Meaning Coherence Judgement task. These two individual 
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differences measures aimed to capture two potentially separate aspects of lexical 

expertise: the depth of word knowledge, and experience with written material.  

 

Consistent with the results from Chapter 2, and the “good enough” approach 

to language processing, it was expected that readers would not always engage in 

costly reinterpretation processes, and therefore show lower accuracy rates for the 

Ambiguous compared to the Unambiguous condition (Ferreira, 2003; Ferreira & 

Patson, 2007). Similarly, reading times for Ambiguous sentences were expected to 

be associated with reinterpretation-related processing costs (e.g. Duffy et al., 1988; 

Ferreira & Henderson, 1991; Rayner & Duffy, 1986). Such costs were expected for 

total sentence reading time, with longer reading times for Ambiguous than 

Unambiguous sentences. For the on-line processing measures, it was predicted that 

eye movements would reflect the detection of a processing difficulty at the 

Disambiguating region (indicated by longer first-pass reading times), and attempts at 

sentence reinterpretation (indicated by a greater probability of making a saccadic 

regression out of the Disambiguating region, and longer re-reading times) for the 

Ambiguous sentences. In addition to these group-level garden-path effects, it was 

expected that effects of the lexical expertise variables would complement those 

reported in Chapter 2. In particular, it was hypothesised that readers with greater 

lexical expertise would show evidence of greater sensitivity to the processing 

demands of the sentence stimuli, with exaggerated garden-path effects on reading 

times. However, there were no specific hypotheses about the location of these effects; 

greater lexical expertise may increase sensitivity to the presence of an ambiguous 

word (indexed by first-pass measures at the Main Noun region), to a violation to 

sentence-meaning coherence (indexed by first-pass measures at the Disambiguating 

region), or to demands of reinterpretation (indexed by saccadic regressions or 

second-pass measures).  
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2. Method 

 

2.1 Participants 

 

Participants were recruited from the University of California, Davis subject pool. The 

recruitment target was 96 to maximise statistical power for an individual differences 

investigation, and to be able to allocate the same number of participants to each list 

of stimuli. Data from 96 native speakers of American English (75 female, MAge = 20 

years, range: 18-34 years), who did not self-identify as bilingual and had normal or 

corrected-to-normal vision, were included in the analyses. An additional 5 participants 

were excluded from the study because they were non-native speakers of English or 

had an uncorrected visual impairment, or due to procedural or technical difficulties 

with eye-tracking data collection. Written informed consent was obtained from all 

participants, and they were rewarded with university credits for participation. Ethical 

approval for this study was obtained from University of California, Davis, IRB 747381-

11. 

 

2.2 Materials and design 

 

To investigate the recovery from misinterpretations, the critical sentence stimuli were 

designed to reliably lead readers down a garden-path in interpretation. Sentences in 

the Ambiguous condition were constructed around an unbalanced ambiguous Main 

Noun (e.g. “plant”, see Chapter 1, section 5.1.1. Stimulus Design for details about the 

creation of these stimuli). In the second half of the sentence, a single word 

disambiguated the Main Noun towards its subordinate meaning (e.g. “factory”). The 

Disambiguating region was therefore expected to coincide with the detection of a 

processing difficulty, and the initiation of reinterpretation processes in the critical 
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Ambiguous condition (see Example in Table 3.1). To compare comprehension and 

reading behaviour in these critical sentences to sentences that did not require 

reinterpretation, matched Unambiguous sentence stimuli were created. The Main 

Noun was replaced with an unambiguous word whose meaning was compatible with 

the word in the Disambiguating region. Importantly, the remainder of the sentence 

content, including the Disambiguating region, was unaltered in the Unambiguous 

condition. A neutral phrase was added to the end of each sentence to avoid 

contaminating the effects of the manipulated variables with processes associated with 

wrap-up effects (Warren, White, & Reichle, 2009), and programming of a return-

sweep saccade (see Table 3.1).
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Table 3.1 Example stimuli, sentence regions-of-interest, and stimulus characteristics. Meaningful sentences either contained an ambiguous Main Noun (e.g. 

“plant”) that was disambiguated towards its subordinate meaning (“factory”) by the Disambiguating region (Disamb.), or a matched unambiguous Main Noun 
(e.g. “church”), whose meaning was compatible with the content of the Disambiguating region. Semantically anomalous sentences contained either an 
ambiguous or unambiguous Main Noun which was not compatible with the meaning of the content in the Disambiguating region. The columns illustrate the 
sentence regions as defined for the eye-tracking analysis. Means (SD) of lemma frequency per million (CELEX lexical database, Baayen et al., 1995), number 
of syllables, and number of letters of Main Nouns in each of the conditions in the Meaning Coherence Judgement task.  

 

 

 

Condition  

     

 Main Noun  

  Main 
Noun  Disamb. 

Spill-
over 

Wrap-
up 

 Lemma 
frequency 

Syllables 
(N) 

Letters 
(N) 

Ambiguous  The newspaper reported that the plant had been very difficult to build from the start.  74.42 
(75.88) 

1.56 
(1.62) 

4.96 
(1.38) 

Unambiguous The newspaper reported that the church had been very difficult to build from the start.  60.04 
(59.37) 

1.52 
(0.68) 

5.47 
(1.62) 

Anomalous 
Ambiguous 

The newspaper reported that the count had been very difficult to build from the start.  68.31 
(85.82) 

1.31 
(0.51) 

5.06 
(1.26) 

Anomalous 
Unambiguous 

The newspaper reported that the cook had been very difficult to build from the start.  56.65 
(48.68) 

1.33 
(0.48) 

5.02 
(1.51) 
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In order to avoid response bias in the Meaning Coherence Judgement task, 

additional nonsensical sentences were created. In these anomalous sentences, the 

Main Noun was either ambiguous or unambiguous but always semantically 

incompatible with the remainder of the sentence (see Table 3.1). In summary, a 

quartet of matched sentence stimuli, which differed only in their Main Nouns, was 

created from each basic sentence to generate the four conditions (see Appendix 8.2 

for a full stimulus list). Main Nouns were not duplicated across conditions.  

 

The meaningful Ambiguous sentences used in this experiment were selected 

from a stimulus pool based on extensive piloting (see Chapter 1, 5.1.1 Stimulus 

Design for details). To confirm the suitability of stimuli for American English speakers, 

a two-stage pilot on single words and sentence contexts was conducted. In the first 

pilot stage, 33 participants from the University of California, Davis, subject pool (who 

did not take part in the main eye-tracking experiment), were presented with an original 

set of 54 ambiguous words in isolation, and asked to list all the meanings of each 

word that they could think of. Responses were coded by the author of this thesis to 

indicate to which meaning they referred; coding was double-checked by research 

assistants who were naïve to the purpose of this experiment. This procedure 

confirmed that American English speakers from the same subject pool as the target 

participants for the main experiment were familiar with both relevant meanings of the 

ambiguous Main Nouns. In the second pilot stage, 5 research assistants who were 

native speakers of American English and naïve to the purpose of this experiment 

validated comprehensibility and naturalness of the sentence frames.  

 

On the basis of this two-stage piloting, 48 sentence quartets were selected, 

resulting in a total of 48 sentences per condition. The Main Nouns in the four 

conditions did not differ significantly in terms of their lemma frequency (based on the 

CELEX lexical database, Baayen et al., 1995; F(3, 188) = 0.65, p = .582), their number 
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of syllables (F(3, 188) = 0.87, p = .457), or number of letters (F(3, 188) = 1.28, p = 

.284; see Table 3.1 for stimulus characteristics). The main purpose of this study was 

a comparison between sentences that required recovery from a misinterpretation (the 

Ambiguous condition), and those that did not require reinterpretation (the 

Unambiguous condition). Descriptive statistics for the Anomalous conditions are 

reported for completeness in the Results section, but were not analysed.  

 

Stimuli were divided into four lists, each containing 12 stimuli per condition; 

list presentation was counterbalanced across participants. Sentences from the same 

sentence frame quartet were not assigned to the same list, meaning that participants 

encountered each sentence frame in only one condition. Stimuli were presented in 

the same pseudorandomised order for each participant, following recommendations 

for individual differences designs (Swets, Desmet, Hambrick, & Ferreira, 2007). 

Independent variables were the Ambiguity (Ambiguous/Unambiguous) of the 

sentence, and the lexical expertise variables (Vocabulary knowledge, and Print 

exposure). Dependent variables were accuracy in the Meaning Coherence 

Judgement task, total sentence reading time, and eye-tracking measures in the Main 

Noun, Disambiguating, Spill-over, and sentence-final Wrap-up region. Eye-tracking 

measures of interest were the following:   

 

• First-fixation duration: The duration of the first fixation event that occurred 

within the area of interest (ms). 

• Gaze duration: The summation of the duration of all fixations on the area of 

interest during first-pass reading (ms). 

• Go-past time: The sum of the duration of all fixations on the area of interest 

from when it was fixated for the first time, and until it was exited to the right for 

the first time (ms). 
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• Regressions out: A regression is a leftward eye movement leaving the area of 

interest to the left, before the area was first exited to the right. For logistic 

mixed effects models, each trial was coded for the presence (1) or absence 

(0) of a regression. Summary measures across participants capture the total 

proportion of trials in a given condition in which one or multiple regressive eye 

movements occurred. 

• Second-pass reading time: The sum of the duration of all fixations on the area 

of interest during second-pass reading of the sentence only (ms). 

 

2.3 Apparatus 

 

Eye movements were recorded with an SR Research EyeLink 1000 (SR Research 

Ltd, Ontario, Canada) desktop-mounted eye-tracking system with a sampling 

frequency of 1000 Hz.  Sentences were presented on a 21 inch monitor (ViewSonic 

graphic series G225f) with 1024 x 768 pixels and a refresh rate of 75 Hz. Sentences 

were presented in black on a light grey background using 13 point Consolas font. 

Participants were seated 86 cm from the screen, with a chin rest to stabilise the head. 

Viewing was binocular but only one eye was tracked. For most participants, this was 

the right eye; due to instability in the data, one participant’s left eye was tracked 

instead. The experiment was conducted using Experiment Builder software by SR 

Research. 

 

2.4 Procedure 

 

Participants were informed of the general purpose of the study (reading 

comprehension), and the nature of the Meaning Coherence Judgement task but were 

not informed of the ambiguity manipulation. The eye tracker was calibrated with a 9-
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point calibration procedure prior to the main experiment. Calibration was repeated 

during the experiment if necessary.   

 

Participants completed the Meaning Coherence Judgement task on written 

sentences while their eye movements were recorded. At the beginning of each trial, 

a fixation point was displayed on the left-hand side of the screen, in approximately the 

location where the first word of the sentence would appear. Once the participant 

fixated on this point, the experimenter initiated the trial manually, and a sentence 

appeared on the screen. Participants were instructed to read silently at a normal pace 

for comprehension, and to decide as quickly and as accurately as possible whether 

each sentence made sense or did not make sense. These Meaning Coherence 

decisions were indicated using a button box. Most participants chose to respond using 

their right hand. One participant was left-handed and used the button box with their 

left hand; five further participants were left-handed but preferred to use their right hand 

for the task. Once the button was pressed, the sentence disappeared, and the next 

trial began. Before the experimental trials, participants practised the task on three 

unambiguous and coherent, and two unambiguous but anomalous sentences that 

were not repeated in the main task. Overall the duration of the Meaning Coherence 

Judgement task was approximately 10 minutes. 

 

The main task was followed immediately by the Nelson-Denny vocabulary 

test, a multiple-choice measure of vocabulary knowledge (Brown, 1960). A digitised 

version of the task was presented on a computer screen, and participants marked 

their responses manually on a pre-printed response sheet. This task had a 15-minute 

time limit. Immediately after the vocabulary test, participants completed the Author 

Recognition task to probe print exposure (Acheson, Wells, & MacDonald, 2008; 

Stanovich & West, 1989). In this pen-and-paper task, participants were required to 

identify book authors among a list of names. Participants were instructed to avoid 
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guessing, and to mark only those names they could confidently identify as book 

authors. This test has previously been shown to correlate with orthographic 

processing, vocabulary size, reading comprehension, and general knowledge 

(Stanovich & Cunningham, 1992; Stanovich & West, 1989), and is a measure that 

reduces social desirability effects as it asks participants to mark authors they 

recognise rather than asking for their reading behaviours more directly. There was no 

time limit for this task.  

 

2.5 Data analysis 

 

Within SR Research’s DataViewer software, consecutive fixations that were shorter 

than 80 ms were merged, and single fixations shorter than 80 ms were removed prior 

to analysis. Such short fixations are unlikely to meaningfully contribute to cognitive 

processing (Rayner, 1998). As inter-individual variability of reading behaviour was the 

main interest of this study, reading times were not excluded for being too long to avoid 

biasing the data (Ulrich & Miller, 1994). Eye-tracking data were manually checked for 

tracking quality by a research assistant who was naïve to the purpose and hypotheses 

of the study. No individual trials were excluded from the analyses. For all analyses, 

one item was removed (“bridge”). Despite the favourable piloting results for this item, 

its ambiguous sentence version (which relied on the relatively infrequent “game” 

meaning) was only judged to be meaningful by a single participant in the main 

experiment. Due to an error in the coding of Disambiguating and Spill-over regions-

of-interest for the item "log", this item was also excluded from analyses of these 

regions.  

 

Only data from the meaningful Ambiguous and Unambiguous conditions were 

entered into the analyses, except where indicated otherwise. In the analyses of 
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reading time measures, only correct trials were included to ensure that statistical 

inferences about reading behaviour were made based only on sentences for which 

participants were able to construct a coherent meaning representation.  

 

Analyses were conducted in RStudio (v. 3.4.2; RStudio Team, 2015), using 

linear and logit mixed effects models with cross subject and item random effects 

(Baayen et al., 2008; Barr et al., 2013), using the lmer() and the glmer() function (with 

bobyqa optimiser) function within the lme4 package (v1.1.17; Bates et al., 2015). 

Continuous reading measures were log-transformed for all analyses. Performance on 

the Nelson-Denny vocabulary test was scored as the total number of correct 

responses for each participant. For the Author Recognition Test, scores were 

calculated by subtracting false alarms (names incorrectly identified as authors) from 

hits (names correctly identified as authors) for each participant. Both the Vocabulary 

knowledge and the Print exposure measures were centred and scaled (i.e. 

standardised) prior to analysis. The discrete factor of Ambiguity was deviation-coded 

(Ambiguous -0.5; Unambiguous 0.5). The main models included fixed effects of 

Ambiguity, Vocabulary knowledge, Print exposure, and interactions of Ambiguity x 

Vocabulary knowledge and Ambiguity x Print exposure. The random effects structure 

included by-item and by-subject random intercept, Ambiguity as a by-subject random 

slope, and Vocabulary knowledge and Print exposure as by-item random slopes. 

Following Barr and colleagues (2013), maximal models were fitted where possible, 

and model complexity was reduced only where necessary due to convergence issues. 

As the analyses of eye tracking measures involved multiple comparisons, a 

Bonferroni correction was applied to these analyses with the α-level set to .01 (von 

der Malsburg & Angele, 2017). Chi-squared and p-values from model comparisons 

with likelihood ratio tests are reported. Detailed results from statistical models, 

including parameter estimates, can be found in section A. Statistical models at the 

end of this chapter.  
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3. Results 

 

3.1 Group-level effects of reinterpretation demands  

 

3.1.1 Comprehension outcomes  

 

Accuracy rates of Meaning Coherence judgements were significantly lower for 

Ambiguous (M = 0.64, SD = 0.48) compared to Unambiguous sentences (M = 0.92, 

SD = 0.27; χ2(1) = 110.62, p < .001; see Table 3.3 in section A.1 at the end of the 

chapter). On average, participants made 28% more errors in the Ambiguous condition 

than in the Unambiguous condition, indicating that readers did not always successfully 

recover from their initial misinterpretation in the semantic garden-paths (see Figure 

3.1).  

 

3.1.2 Total sentence reading time  

 

Even when readers successfully comprehended the sentences, there was a 

significant difference in total reading times between Ambiguous (M = 3859.4 ms, SD 

= 1459.38) and Unambiguous sentences (M = 3418.11 ms, SD = 1253.31; χ2(1) = 

85.04, p < .001; see Table 3.3 in section A.1 at the end of the chapter). Compared to 

processing of sentences that immediately made sense, successful recovery from an 

initial misinterpretation required additional processing time of about 440 ms on 

average (see Figure 3.1).  
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Figure 3.1 Accuracy rates and total sentence reading times in the Meaning Coherence 
Judgement task. Raincloud plots (Allen et al., 2019) show median and interquartile range in 
the boxplot element, probability density in the split violin element, and distribution of accuracy 
scores (top panel) and total sentence reading times (bottom panel) for the Ambiguous and 
Unambiguous condition. 
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Table 3.2 Descriptive statistics for eye tracking measures. Means (SD) for correct trials are 
reported for the combined ambiguous conditions and combined unambiguous conditions for 
first-pass measures in the Main Noun region, and for only the experimental Ambiguous and 
Unambiguous conditions in other sentence regions. One item was removed to calculate 
descriptive statistics for the Disambiguating, and Spill-over regions. 

 

 

  

  Main noun Disambiguating Spill-over Wrap-up 

First-fixation duration (ms) 

All  
Ambiguous 

241.37 (87.54)    

All 
Unambiguous 

235.41 (85.7)    

     

Ambiguous  241.36 (79.01) 266.84 (108.89) 259.67 (129.38) 

Unambiguous  240.02 (78.52) 271.36 (121.94) 256.86 (125.55) 

      

Gaze duration (ms) 

All  
Ambiguous 

260.71 (107.75)    

All 
Unambiguous 

257.41 (114.98)    

     

Ambiguous  271.69 (124.42) 370.73 (206.89) 338.67 (228.55) 

Unambiguous  268.24 (113.4) 362.6 (224.87) 322.05 (208.22)  

      

Regressions out (probability) 

All  
Ambiguous 

0.14 (0.35)    

All 
Unambiguous 

0.16 (0.36)    

     

Ambiguous  0.15 (0.36) 0.39 (0.49) 0.77 (0.42) 

Unambiguous  0.12 (0.32) 0.31 (0.46) 0.66 (0.47) 

      

Go-past time (ms) 

All  
Ambiguous 

332.94 (235.41)    

All 
Unambiguous 

328.59 (250.03)    

     

Ambiguous  344.93 (238.55) 791.81 (823.36) 1194.56 (900.01) 

Unambiguous  317.38 (212.28) 628.83 (642.87) 822.97 (696.76)  
      

Second-pass reading time (ms) 

Ambiguous 280.59 (150.18) 271.19 (153.3) 297.25 (187.09) 315.93 (211.24) 

Unambiguous 246.76 (128.25) 253.31 (176.28) 311.21 (185.8) 325.96  (249.8)  
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3.1.3 On-line processing 

 

3.1.3.1 First encounter of an ambiguous vs unambiguous word 

 

Because Ambiguous and Unambiguous sentences were not differentiated in terms of 

meaning coherence until the Disambiguating region, first-pass measures in the Main 

Noun region were combined across both Ambiguous conditions (meaningful 

Ambiguous and Anomalous Ambiguous) and both Unambiguous conditions 

(meaningful Unambiguous and Anomalous Unambiguous) for comparison, which 

maximised statistical power.4 Effects of Ambiguity on first-fixation duration, gaze 

duration, the probability of making a regression out of the Main Noun region into 

earlier parts of the sentence, or on go-past time either did not survive correction for 

multiple comparisons, or were not statistically significant (see Table 3.2 for descriptive 

statistics, and Table 3.4 in section A.2.1 at the end of the chapter). These results thus 

suggest that upon first encounter of the Main Noun region, reading behaviour was not 

significantly affected by whether or not the word had a single or multiple meanings.   

 

3.1.3.2 Reaction to a processing difficulty  

 

Reading behaviour indicative of processing difficulty was expected to occur in the 

Disambiguating region, which disambiguated the ambiguous Main Noun towards an 

unexpected meaning. The Spill-over region was analysed to detect any effects 

triggered by the disambiguating information that carried over to the immediately 

adjacent sentence region. There were no significant effects of Ambiguity during first-

pass reading of the Disambiguating region (see Table 3.7 in section A.2.2 at the end 

 
4 Main Noun region analyses conducted on only the meaningful Ambiguous and Unambiguous 

trials demonstrated overall similar patterns of results (see Table 3.6 in section A.2.1 at the end of the 
chapter).  
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of the chapter). However, in the Spill-over region, there was a significant effect of 

Ambiguity on the probability of making a regressive eye movement out of the region 

towards earlier parts of the sentence (χ2(1) = 10.63, p < .001; see Table 3.8 in section 

A.2.2 at the end of the chapter). Readers tended to make more regressive eye 

movements out of the Spill-over region in the Ambiguous compared to the 

Unambiguous condition (see Table 3.2). Ambiguity also had a significant effect on go-

past time in the Spill-over region, with readers taking longer to move out of the Spill-

over to subsequent sentence regions when the sentence was ambiguous (χ2(1) = 

23.04, p < .001; see Table 3.8 in section A.2.2 at the end of the chapter). Evidence 

for processing difficulty in the semantic garden-path sentences was therefore found 

not immediately upon encounter of the disambiguating information, but in the adjacent 

sentence region. Specifically, the processing difficulty was reflected in the eyes 

lingering on the Spill-over region, and the initiation of saccades towards earlier parts 

of the sentence.  

 

To further explore the effects of Ambiguity on reading behaviour after 

encountering a processing difficulty, secondary analyses were conducted on 

Ambiguous and Unambiguous conditions in the Wrap-up region. There was a 

significant effect of Ambiguity on go-past time in the Wrap-up region (χ2(1) = 62.88, p 

< .001), suggesting that readers spent longer on the final portion of the sentence when 

the sentence required reinterpretation. Similarly, the probability of making a 

regression out of the Wrap-up region was significantly higher in the Ambiguous than 

in Unambiguous sentences, echoing the results from the Spill-over region (χ2(1) = 

17.81, p < .001, see Table 3.11 in section A 2.2 at the end of the chapter). 
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3.1.3.3 Re-reading behaviour 

 

In addition to the first-pass through the sentence, second-pass reading times were 

analysed. Results indicated that readers revisited the Main Noun region for longer in 

the Ambiguous than in the Unambiguous condition by on average around 34 ms (χ2(1) 

= 7.22, p = .007; see Table 3.4 in section A.2.1 at the end of the chapter, and Table 

3.2 for descriptive statistics). A similar effect of Ambiguity on second-pass reading 

time in the Disambiguating region did not survive correction for multiple comparisons 

(χ2(1) = 4.79, p = .029; see Table 3.7 in section A.2.2 at the end of the chapter), and 

the effect of Ambiguity on second-pass reading time in the Spill-over region was not 

statistically significant (see Table 3.8 in section A.2.2 at the end of the chapter). 

 

3.2 Individual differences in lexical expertise 

 

Participants’ scores on the Nelson-Denny test (Vocabulary knowledge) ranged 

between 41 and 78, out of a maximum score of 80 (MVocab = 64.4, SDVocab = 7.7). 

Although the mean score on the Author Recognition test was quite low (MPrint = 13.0, 

SDPrint = 7.4, range = 0 – 41, out of a maximum score of 64), scores showed an 

approximately normal distribution across the lower third of the range of possible 

scores (see Figure 3.2). Two participants seemed to score unusually high on this task 

compared to the rest of the sample; however, since these scores were at ceiling but 

were not based on consistent selection of the same response option, it is plausible to 

assume that they are a genuine reflection of participants’ Print exposure. These 

participants were therefore not removed from analyses. Performance on the 

Vocabulary and Print Exposure measures was moderately correlated, r = .53, p < 

.001. However, as there was no indication of concerning levels of collinearity between 
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the two variables (Variance Inflation Factors <4, see O’Brien, 2007; see Table 3.12 in 

section A.2.3 at the end of the chapter), both were included in statistical models.  

 

 

As can be seen in Figure 3.3, participants varied considerably in the extent to 

which Ambiguity influenced their eye movements. The main goal of this experiment 

was to investigate the role of lexical expertise specifically for the recovery from 

misinterpretations; effects of the lexical expertise variables and their interactions with 

Ambiguity will therefore be discussed only for dependent variables that revealed an 

effect of Ambiguity at the group level.  

Figure 3.2 Distribution of and relationship between Vocabulary and Print exposure scores. 
Histograms show the distribution of Vocabulary (top left panel) and Print exposure scores (top 
right panel) in the sample. The bottom panel shows the correlation (r = 0.53, p < .001) between 
the two measures. 
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Figure 3.3 Individual differences in garden-path effects. Histograms show the distribution of 
processing costs associated with Ambiguous sentences for accuracy, total sentence reading 
time, and the eye-tracking measures that showed significant Ambiguity effects in the Meaning 
Coherence Judgement task (go-past time and regressions out of the Spill-over and Wrap-up 
regions, and second-pass reading times of the Main Noun and Coherence Cue regions). 
Average garden-path effects were calculated across trials for each participant by subtracting 
their mean accuracy for Ambiguous trials from their mean accuracy for Unambiguous trials, 
and by subtracting their mean reading times for Unambiguous trials from their mean reading 
times for Ambiguous trials. 
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3.2.1 Comprehension outcomes  

 

Main effects of Vocabulary, Print Exposure, and their interactions with Ambiguity on 

accuracy rates on the Meaning Coherence Judgement task were not statistically 

significant (see Table 3.3 in section A.1 at the end of the chapter). The outcome of 

comprehension processes was therefore not significantly affected by readers’ lexical 

expertise, suggesting that the detriment to comprehension due to the reinterpretation 

demands in the Ambiguous sentences was relatively consistent across the sample.  

 

3.2.2 Total sentence reading time 

 

Although higher Print Exposure scores were associated with faster total sentence 

reading time (χ2(1) = 5.27, p = .022), interactions of Ambiguity x Vocabulary and 

Ambiguity x Print Exposure were not statistically significant (see Table 3.3 in section 

A.1 at the end of the chapter). The magnitude of reinterpretation-related costs to total 

sentence reading time did therefore not depend on readers’ lexical expertise. 

 

3.2.3 On-line processing 

 

3.2.3.1 Reaction to a processing difficulty 

  

Analyses of the Spill-over region showed some indication that the observed main 

effect of Ambiguity on reading behaviour was in fact modulated by readers’ lexical 

expertise (see Figure 3.4, and Table 3.8 in section A.2.2 at the end of the chapter). 

Although the Ambiguity x Vocabulary interaction on the probability of making a 

regression out of the Spill-over region did not reach a corrected significance level 
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(χ2(1) = 4.15, p = .042), the results from pairwise comparisons are suggestive of a 

greater divergence between the likelihood of making a regression out of the Spill-over 

region of an Ambiguous compared to an Unambiguous sentence with greater 

Vocabulary scores (see Figure 3.4, and Table 3.10 in section A.2.2 at the end of the 

chapter).  

 

To further explore the effects of lexical expertise and Ambiguity on reading 

behaviour after encountering a processing difficulty, secondary analyses were 

conducted on the Wrap-up region. There was a significant effect of Print Exposure on 

gaze durations (χ2(1) = 7.28, p = .007), suggesting that readers with higher Print 

Exposure scores tended to have shorter gaze durations in this region. However, the 

effects of reinterpretation demands on reading behaviour in the Wrap-up region were 

not significantly modulated by readers’ lexical expertise (see Table 3.11 in section 

A.2.2 at the end of the chapter). 

 

Figure 3.4 Relationship between Regressions out of the Spill-over region and Vocabulary 
knowledge. Scatterplots show each participant’s mean probability of making a regression out 
of the Spill-over region for Ambiguous and Unambiguous trials; regression line shows 95% 
confidence interval. 
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3.2.3.2 Re-reading behaviour 

 

Effects of Ambiguity on second-pass reading time in all regions were relatively stable 

across the sample, and were not significantly affected by readers’ lexical expertise 

(see Tables 3.4, 3.7, 3.8 and 3.11 in section A.2.2 at the end of the chapter). 

 

3.2.4 Relating regression behaviour in the Spill-over to comprehension 

accuracy 

 

To better understand the patterns of re-reading behaviour that was found in the Spill-

over region, an exploratory analysis was conducted to investigate whether the 

probability of making a regression out of the Spill-over region was predictive of 

accuracy on the Meaning Coherence Judgement task. In this approach, I follow 

Wonnacott and colleagues (2016), who directly related eye movement behaviour 

during reading to comprehension in beginning readers.    

 

Logit mixed effects models predicted accuracy from the probability of making 

a regression out of the Spill-over region, the Ambiguity of the sentence, readers’ 

Vocabulary and Print exposure scores, as well as two-way and three-way interactions 

between these fixed effects. As random effects, regressions, sentence Ambiguity, and 

their interaction were included as by-subject slopes, and regressions and lexical 

expertise measures and their interactions as by-item slopes. Correlations between 

random effects, and the random slope that explained the least variance (Regression 

x Print exposure) were removed from the model due to convergence issues. 

 

Results suggested that there was a significant main effect of Regressions out 

of the Spill-over region on comprehension accuracy (β = -0.44, SE = 0.16, t = -2.67; 
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χ2(1) = 6.6, p = .01), with fewer regressions associated with greater accuracy. There 

was also a significant main effect of Ambiguity (β = 2.53, SE = 0.21, t = 12.23; χ2(1) = 

140.68, p < .001), and a significant Regressions x Ambiguity interaction (β = -0.9, SE 

= 0.3, t = -2.95; χ2(1) = 8.19, p = .004). The interaction was explored further in separate 

models for Ambiguous and Unambiguous trials. Models with maximal random effects 

structure were fitted where possible, but due to convergence issues, correlations 

between random effects were removed for the Ambiguous trial model.  

 

Making fewer regressions out of the Spill-over region was associated with 

greater accuracy in the Unambiguous trials (β = -2.12, SE = 0.9, t = -2.36; χ2(1) = 

7.77, p = .005); however, the main effect of Regressions on accuracy was not 

statistically significant in the Ambiguous trials (β = -0.06, SE = 0.19, t = -0.34; χ2(1) = 

0.11, p = .741), indicating that the probability of making a regression out of the Spill-

over region did not affect the outcomes of reinterpretation processes. Main effects of 

Vocabulary and Print exposure scores, and two-way and three-way interactions with 

Ambiguity and Regressions were not statistically significant in any of the above 

models.  

 

 

4. Discussion 

 

The present study investigated how readers recover from misinterpretations during 

on-line sentence processing, and explored the effects of individual differences in 

lexical expertise on both the outcome of comprehension procedures, and on-line 

reading behaviour. Robust group-level effects of reinterpretation demands were 

observed, with lower comprehension accuracy and longer total sentence reading 

times for Ambiguous semantic garden-path sentences compared to Unambiguous 
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control sentences. Additionally, the present results complement the findings from 

Chapter 2, indicating that readers with greater Vocabulary knowledge may be more 

sensitive to reinterpretation demands during on-line processing.  

 

Processing costs associated with recovery from misinterpretations 

 

Analyses of responses to the Meaning Coherence Judgement task revealed that 

readers’ accuracy rates for the critical Ambiguous sentences were on average 28% 

lower than accuracy rates for the Unambiguous control sentences. When correct 

decisions about these sentences were made, readers still took about 440 ms longer 

to read the Ambiguous compared to the Unambiguous sentences. These findings are 

consistent with previous studies of reading time costs associated with reinterpretation 

(e.g. Duffy et al., 1988; Rayner & Duffy, 1986). Additionally, the present results also 

provide further evidence for the idea that comprehenders engage in processing 

strategies that are just “good enough” to fulfil the task at hand (e.g. Christianson et 

al., 2001; Ferreira et al., 2001).  

 

The recording of eye-tracking data in the present study allowed for a detailed 

investigation of reading behaviour during the recovery from misinterpretations. 

Results from the Main Noun region were consistent with theories that assume a role 

for the relative frequency of the meanings of an ambiguous word in lexical access 

(e.g. Duffy et al., 1988; Seidenberg et al., 1982; Twilley & Dixon, 2000). First-pass 

reading measures for the Main Noun region did not differ significantly between the 

Ambiguous and Unambiguous conditions, suggesting that the processing system 

quickly settled on the (incorrect) dominant meaning of the ambiguous word and 

therefore did not require additional processing time for these words compared to the 

matched unambiguous nouns in the control sentences.  
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The critical point of comparison between the Ambiguous and Unambiguous 

conditions was the Disambiguating region. It was predicted that encountering the 

disambiguating information would lead to a garden-path effect, as the processing 

system, after having selected the dominant meaning of the ambiguous word, detects 

a violation to sentence-meaning coherence. However, differences between the 

Ambiguous and Unambiguous conditions indicative of processing difficulties in the 

semantic garden-paths were only evident at the subsequent Spill-over region. The 

coherence violation may not have been detected in the Disambiguating region itself 

because the region consisted only of a single, short word (usually between one and 

two syllables); the cue for a coherence violation may therefore have been relatively 

weak at this stage of processing. Alternatively, planning a saccade out of the 

Disambiguating region may have taken less time than integration of the region’s 

contents into the preceding context (or rather, the failure of such integration processes 

in the Ambiguous condition). In fact, the average gaze duration in the Disambiguating 

region (about 275 ms) was shorter than average gaze durations in the Spill-over 

region (about 366 ms), suggesting that full processing of the content of the 

Disambiguating region happened after the programming of a saccade into the 

subsequent region.   

 

The total time spent in the Spill-over region before it was exited for the first 

time to the right (go-past time) was significantly longer for Ambiguous compared to 

Unambiguous sentences, suggesting that readers’ gaze lingered in this region when 

a coherence violation had been detected. Readers also initiated a saccadic 

regression (a leftward eye movement) out of the Spill-over region into previous parts 

of the sentence in a greater proportion of trials (by about 7%) when the sentence was 

a semantic garden-path than when it was Unambiguous. Similarly, go-past times and 

regressions out of the sentence-final Wrap-up region indicated that readers spent 
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longer in this region, and were more likely to move their eyes back to earlier sentence 

content when they had been led down a garden-path. These results suggest that 

recovery from an initial misinterpretation was achieved by overtly returning to previous 

parts of the sentence. Reinterpretation processes were thus associated with physical 

re-reading.  

 

Readers were particularly likely to re-visit the Main noun region, consistent 

with the idea that they may have selectively focused their rereading efforts on the 

ambiguous word. However, the eye-tracking data collected for this study did not 

include the regions surrounding the ambiguous word (i.e. the initial sentence region, 

or the region between the Main Noun and the disambiguating information). Whether 

the semantic garden-paths encouraged selective re-reading (e.g. Frazier & Rayner, 

1982), or re-reading of the whole sentence therefore remains an open question (see 

Lewis, 1998, for a discussion of different re-reading strategies).  

 

Individual differences in lexical expertise 

 

In addition to the group-level effects of Ambiguity on comprehension and 

reading behaviour, the present study also found evidence that the magnitude of 

reinterpretation-related processing costs may depend on a reader’s lexical expertise. 

The off-line comprehension measure, i.e. the accuracy of Meaning Coherence 

judgements, however, was not significantly affected by Vocabulary knowledge or Print 

exposure. This finding suggests that readers with limited lexical expertise were 

generally able to detect a coherence violation, and successfully resolve it. In contrast 

to the present results, previous research on young readers has found significant 

effects of vocabulary size on sentence comprehension (Engelhardt et al., 2017). Due 

to greater reading experience compared to beginning readers, adult readers (who 
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were the target population in the present study) may have developed compensation 

strategies for their limitations in lexical expertise, for example, by modulating reading 

or response speed. Consistent with this explanation, there was a significant 

association between lower lexical expertise and longer total sentence reading times 

in the present experiment. Furthermore, the comprehension measure used by 

Engelhardt and colleagues (2017) was the accuracy of responses to comprehension 

questions, which required readers to re-construct sentence meaning, and may 

therefore have introduced additional skill requirements that were not measured in the 

present study. Irrespective of their lexical expertise, readers in the present study 

tended to use a good-enough processing strategy, and did not always engage in 

costly reinterpretation procedures to resolve the ambiguity in semantic garden-path 

sentences.  

 

When readers made accurate judgements about the sentences, total sentence 

reading times for individuals with greater Print exposure scores tended be faster. In 

general, main effects of lexical expertise variables on eye-movement measures 

suggested a trend for an association of greater lexical expertise with more efficient 

lexical access and word-to-text integration processes (see Ashby et al., 2005, and 

Kuperman & Van Dyke, 2011, for similar results). However, lexical expertise seemed 

to have beneficial effects on reading time for both Ambiguous and Unambiguous 

sentences, suggesting that the processing costs of the detection of a coherence 

violation, and its resolution were relatively stable across the sample for most of the 

measures. 

 

Of key interest for the present study were interactions between Ambiguity and 

the lexical expertise measures. It is, however, important to note that a relatively 

stringent significance threshold was applied to the eye-tracking analyses, with a 

Bonferroni-correction to guard against inflated Type I errors due to multiple 
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comparisons (von der Malsburg & Angele, 2017). Results that only met an 

uncorrected significance threshold are interesting but should be interpreted with 

caution. Although there was no evidence to suggest that readers with comparatively 

lower lexical expertise were unable to detect or resolve coherence violations in 

semantic garden-paths, greater lexical expertise may have been beneficial for the 

efficiency of detection and reinterpretation processes. In the Spill-over region, a trend 

towards an Ambiguity x Vocabulary knowledge interaction suggested that readers 

with greater lexical expertise engaged more selectively in overt re-reading of previous 

sentence content. The probability of making a regression out of the Spill-over region 

was greater for Ambiguous than Unambiguous sentences in these readers, while the 

difference in regression probability between conditions was comparatively smaller for 

readers with lower levels of lexical expertise. Neither reading behaviour in the final 

sentence region nor re-reading of the Main Noun region were affected by lexical 

expertise. Overall, the present findings suggest that readers with lower levels of 

vocabulary knowledge or print exposure can complete reinterpretation processes with 

as much success as “lexical experts”, and that they engage in similar reading 

strategies to recover from an initial misinterpretation. Crucially, however, at the Spill-

over region, readers with greater lexical expertise experienced an exaggerated 

garden-path effect. 

 

The finding of exaggerated garden-path effects for readers with greater lexical 

expertise may be counterintuitive at first, but they are consistent with the results from 

the experiment reported in Chapter 2. Results from Chapter 2 suggested that readers 

with greater vocabulary knowledge may be at a particular advantage for processing 

Unambiguous sentences. Similarly, one explanation for results of the present 

experiment is that their rapid word-to-text integration ability is advantageous during 

regular sentence processing, but that their ability to build elaborated sentence-

meaning representations is actually a disadvantage for the recovery from a 
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misinterpretation. Since their initial interpretation is highly elaborated and well-

integrated, a processing difficulty such as that introduced in the semantic garden-

paths may be harder to recover from for them compared to readers who do not 

generate similarly detailed sentence-level representations during processing (see 

discussion of “digging-in” effects in e.g. Tabor & Hutchins, 2004). Coming from a 

different perspective, exaggerated garden-path effects for readers with high working 

memory capacities have also been proposed to be a consequence of their ability to 

maintain multiple interpretations (MacDonald et al., 1992). The present results, 

however, indicate that it was only the probability of making regressions out of the Spill-

over region that distinguished the on-line reading behaviour of individuals of varying 

levels of lexical expertise. In fact, regressions out of the sentence-final Wrap-up region 

were comparable across the sample. These findings thus suggest that readers with 

greater lexical expertise initiated reinterpretation processes at an earlier point in the 

sentence compared to readers with lower levels of lexical expertise. In summary, the 

processes related to the detection of a coherence violation and re-reading for 

reinterpretation purposes per se were not affected by lexical expertise. The crucial 

difference between readers was their sensitivity to the disambiguating information. 

 

Similar to the present study, Pearlmutter and MacDonald (1995) compared 

self-paced reading times for disambiguating regions in syntactically ambiguous 

sentences to matched regions in unambiguous control sentences, and found that 

individuals with high reading span scores showed a greater effect of ambiguity on 

their reading times compared to low-span readers. The authors argued that 

differences between working memory span groups were not due to differences in the 

ability to maintain multiple interpretations, but due to differences in sensitivity to the 

probabilistic constraints that were offered by the sentence contexts. In particular, they 

proposed that high-span readers may have more computational capacity available to 

detect subtle contextual constraints during on-line processing. In line with the present 
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results, Long and Prat (2008) found that high-span readers tended to be sensitive to 

disambiguating information for syntactic garden-paths at an earlier point in the 

sentence compared to low-span readers. Similar results were also reported by 

Farmer, Fine, Misyak, and Christiansen (2017), who found greater syntactic garden-

path effects for individuals with greater scores on a reading span task. Importantly, 

they also found that reading span scores were not correlated with scores on another 

purported measure of working memory, backward digit span, and that reading span 

explained additional variance in on-line reading time over and above the amount of 

variance accounted for by the digit span measure. Reading span was in fact 

correlated with measures of vocabulary and print exposure, suggesting that the 

measure captured language processing skill, and therefore also aspects of language 

experience (see also MacDonald & Christiansen, 2002). The authors therefore argued 

that greater language experience is beneficial for predictive processing, thus leading 

to greater surprisal at unexpected constituents.  

 

Consistent with the present results, Pearlmutter and MacDonald (1995) and 

Long and Prat (2008) found differences between span groups only for on-line 

processing measures, and not for measures of comprehension. These findings thus 

suggest that readers with lower levels of language experience can eventually arrive 

at a correct interpretation of a garden-path. However, they may be less sensitive to 

constraints offered by the sentence context during online sentence processing.  An 

important direction for future research is to explore the relative contribution of 

vocabulary knowledge versus print exposure to the recovery from misinterpretations, 

and potential shared factors underlying the effects of lexical expertise and working 

memory on on-line sentence processing.   

 

The present results thus suggest that readers with greater lexical expertise 

may be more sensitive to violations of coherence during processing, and therefore 
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able to flexibly adapt their on-line reading behaviour to recover from 

misinterpretations. Intriguingly, an exploratory analysis revealed that additional 

regressive eye movements out of the Spill-over region back to previous parts of the 

sentence were not predictive of greater comprehension accuracy in the Ambiguous 

sentences. The nature of the task (Meaning Coherence judgement), and the presence 

of semantically anomalous sentences, may have particularly encouraged re-reading 

as a strategy to resolve semantic inconsistencies, and to “double-check” decisions. 

Re-reading behaviour was observed even in the Unambiguous sentences, suggesting 

that a checking of sentence meanings may have been a general, possibly task-

related, processing strategy. Although the Meaning Coherence Judgement task may 

have artificially encouraged physical re-reading across different conditions, the focus 

on sentence meaningfulness ensured that participants had an incentive to resolve the 

ambiguity in a majority of trials, and therefore allowed for the investigation of on-line 

reading behaviour associated with successful recovery from a misinterpretation (cf. 

Ferreira & Patson, 2007). An important question for future research is whether the 

present findings can be replicated under more “natural” reading conditions, i.e. without 

the presence of an explicit task. This question will be addressed in Chapter 4. Another 

particularly intriguing research question – and one that will also be explored in 

Chapters 4 and 5 – is how the recovery from misinterpretations is affected by the 

availability of previous sentence content for re-reading.  
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A. Statistical models 

A.1 Comprehension outcomes and total sentence reading time 

Table 3.3 Results from linear and logit mixed effect model comparisons for accuracy and total 
sentence reading time. Models were fitted to data from the meaningful Ambiguous and the 
Unambiguous conditions only; for total sentence reading time, only correct trials were included. 
Fixed effect parameter estimates, standard error (SE), z- and t-values, and Chi-squared and 
p-values from likelihood ratio tests are reported. Maximal models were structured as follows: 
Dependent variable ~ 1 + Ambiguity + Vocabulary + Print Exposure + Ambiguity : Vocabulary 
+ Ambiguity : Print Exposure + (1 + Vocabulary + Print Exposure | Items) + (1 + Ambiguity | 
Subjects) 

Model Predictor β SE z χ2 p   

Accuracy        

 Intercept 2.68 0.27 10.11     

  Ambiguity 3.5 0.26 13.26 110.62 <.001 * 

  Vocabulary 0.03 0.21 0.15 0.02 .876   

  Print Exposure 0.03 0.2 0.16 0.02 .887   

  Ambiguity x Vocabulary 0.16 0.29 0.54 0.3 .587   

  
Ambiguity x Print 
Exposure 0.03 0.29 0.12 0.01 .927   

        
  β SE t χ2 p  

Total 
sentence 
reading time  

     
 

 Intercept 3.54 0.01 263.37    

 Ambiguity -0.05 0.004 -11.6 85.04 <.001 * 

  Vocabulary -0.02 0.01 -1.67 2.82 .093   

  Print Exposure -0.03 0.01 -2.3 5.27 .022 * 

  Ambiguity x Vocabulary -0.01 0.01 -1.17 1.4 .236   

  
Ambiguity x Print 
Exposure 0.003 0.01 0.56 0.32 .56   

        
  

*Statistically significant at α = .05  

A.2 On-line processing 

A.2.1 First encounter of an ambiguous vs unambiguous word 

Table 3.4 Results from linear and logit mixed effect model comparisons for eye tracking 
measures in the Main Noun region. Models for first-pass measures (first-fixation duration, gaze 
duration, go-past time and regressions out) were fitted to data from the combined ambiguous 
(meaningful Ambiguous and Anomalous Ambiguous) and the combined unambiguous 
conditions (meaningful Unambiguous and Anomalous Unambiguous). Models for second-pass 
reading time were fitted to data from the meaningful Ambiguous and the Unambiguous 
conditions only. Separate models were fitted for each dependent variable. Fixed effect 
parameter estimates, standard error (SE), z- and t-values, and Chi-squared and p-values from 
likelihood ratio tests are reported. Maximal models were structured as follows: Dependent 
variable ~ 1 + Ambiguity + Vocabulary + Print Exposure + Ambiguity : Vocabulary + Ambiguity 
: Print Exposure + (1 + Vocabulary + Print Exposure | Items) + (1 + Ambiguity | Subjects). For 
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first-fixation durations and second-pass reading times, correlations between random effects 
were removed from the model due to convergence issues. 

Model Predictor  β SE t χ2 p   

First-fixation duration       

 Intercept 2.35 0.01 420.44       

 Ambiguity -0.01 0.01 -2.04 4.16 .042 ˥ 

  Vocabulary -0.004 0.01 -0.56 0.33 .568   

  Print Exposure -0.01 0.01 -1.19 1.45 .229   

  Ambiguity x Vocabulary -0.01 0.01 -1.11 1.22 .269   

  
Ambiguity x Print 
Exposure 0.003 0.01 0.5 0.24 .623   

Gaze duration        

 Intercept 2.38 0.01 357.92       

  Ambiguity -0.01 0.01 -1.69 2.85 .091   

  Vocabulary -0.01 0.01 -0.76 0.59 .443   

  Print Exposure -0.02 0.01 -2.44 5.91 .015 ˥ 

  Ambiguity x Vocabulary -0.001 0.01 -0.16 0.03 .873   

  
Ambiguity x Print 
Exposure -0.003 0.01 -0.4 0.16 .691   

Go-past time           

 Intercept 2.45 0.01 269.98    

  Ambiguity -0.01 0.01 -1.08 1.17 .28   

  Vocabulary -0.01 0.01 -1.18 1.41 .236   

  Print Exposure -0.03 0.01 -3.0 8.84 .003 * 

  Ambiguity x Vocabulary -0.01 0.01 -1.3 1.68 .195   

  
Ambiguity x Print 
Exposure 0.002 0.01 0.22 0.05 .831   

Second-pass reading time             

 Intercept 2.38 0.01 250.59      

 Ambiguity -0.05 0.02 -2.72 7.22 .007 * 

 Vocabulary 
-

0.0004 0.01 -0.04 0.002 .961  

 Print Exposure 0.002 0.01 0.13 0.02 .89  

 Ambiguity x Vocabulary -0.01 0.02 -0.63 0.42 .519  

 
Ambiguity x Print 
Exposure -0.02 0.02 -0.69 0.5 .478  

        
   β SE z χ2 p   

Regressions out          

 Intercept -1.91 0.1 -19.9    

  Ambiguity -0.17 0.12 1.46 2.09 .148  

  Vocabulary -0.05 0.1 -0.55 0.3 .585  

  Print Exposure -0.17 0.1 -1.65 2.69 .101  

  Ambiguity x Vocabulary -0.24 0.12 -2.0 3.9 .048 ˥ 

  
Ambiguity x Print 
Exposure 0.27 0.14 2.0 3.96 .047 ˥ 

        

*Statistically significant at Bonferroni-corrected α = .01 

˥Statistically significant at uncorrected  α = .05  
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Table 3.5 Pairwise comparisons of regressions out of the Main Noun region. Models were 
fitted to data from the combined ambiguous (meaningful Ambiguous and Anomalous 
Ambiguous) and the combined unambiguous conditions (meaningful Unambiguous and 
Anomalous Unambiguous). Fixed effect parameter estimates, standard error (SE), z- and t-
values, and Chi-squared and p-values from likelihood ratio tests are reported. Maximal models 
were structured as follows: Regressions out ~ 1 + Vocabulary + Print Exposure + (1 + 
Vocabulary + Print Exposure | Items) + (1 | Subjects) 

Model  Predictor  β SE z χ2 p   

Ambiguous 
trials Regressions out           

  Intercept -2.16 0.23 -9.32    

    Vocabulary -0.04 0.18 -0.2 0.04 .844   

    
Print 
Exposure -0.47 0.24 -2.0 4.6 .032 ˥  

Unambiguous 
trials Regressions out               

  Intercept -2.25 0.21 -10.7       

    Vocabulary -0.29 0.19 -1.56 2.5 .114   

    
Print 
Exposure 0.05 0.2 0.27 0.07 .787   

    

  

*Statistically significant at Bonferroni-corrected α = .025 
˥Statistically significant at uncorrected  α = .05  

 

Table 3.6 Results from linear and logit mixed effect model comparisons for eye tracking 
measures in the Main Noun region for the Ambiguous and Unambiguous conditions only. 
Models were fitted to data from the meaningful Ambiguous and the Unambiguous conditions 
only. Separate models were fitted for each dependent variable. Fixed effect parameter 
estimates, standard error (SE), z- and t-values, and Chi-squared and p-values from likelihood 
ratio tests are reported. Maximal models were structured as follows: Dependent variable ~ 1 
+ Ambiguity + Vocabulary + Print Exposure + Ambiguity : Vocabulary + Ambiguity : Print 
Exposure + (1 + Vocabulary + Print Exposure | Items) + (1 + Ambiguity | Subjects). For first-
fixation duration and go-past time, correlations between random effects were removed from 
the model due to convergence issues. 

Model Predictor  β SE t χ2 p   

First-fixation 
duration        

 Intercept 2.43 0.01 341.98       

 Ambiguity -0.01 0.01 -1.76 3.08 .079  

  Vocabulary -0.01 0.01 -1.26 1.62 .203   

  Print Exposure -0.01 0.01 -1.16 1.37 .242   

  Ambiguity x Vocabulary 0.003 0.01 0.31 0.1 .751   

  
Ambiguity x Print 
Exposure 0.001 0.01 0.14 0.02 .901   

Gaze duration        

 Intercept 2.37 0.01 292.51       

  Ambiguity -0.01 0.01 -0.9 0.79 .374   

  Vocabulary -0.01 0.01 -1 1.02 .313   

  Print Exposure -0.02 0.01 -2.42 5.81 .016 ˥ 
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  Ambiguity x Vocabulary 0.003 0.01 -0.37 0.14 .712   

  
Ambiguity x Print 
Exposure -0.004 0.01 -0.43 0.19 .668   

Go-past time           

 Intercept 2.43 0.01 234.28    

  Ambiguity -0.01 0.01 -0.92 0.84 .359   

  Vocabulary -0.02 0.01 -1.51 2.32 .127   

  Print Exposure -0.03 0.01 -3.1 9.39 .002 * 

  Ambiguity x Vocabulary 0.01 0.01 0.47 0.22 .641   

  
Ambiguity x Print 
Exposure 0.002 0.01 0.17 0.03 .865   

        
   β SE z χ2 p   

Regressions out          

 Intercept -2.17 0.16 -13.38    

  Ambiguity 0.1 0.21 0.46 0.21 .646  

  Vocabulary -0.14 0.15 -0.9 0.81 .368  

  Print Exposure -0.22 0.16 -1.38 1.99 .158  

  Ambiguity x Vocabulary -0.11 0.19 -0.59 0.35 .55  

  
Ambiguity x Print 
Exposure 0.35 0.23 1.51 2.38 .123  

        

*Statistically significant at Bonferroni-corrected α = .01 

˥Statistically significant at uncorrected  α = .05  

 

A.2.2 Reaction to a processing difficulty 

Table 3.7 Results from linear and logit mixed effect model comparisons for eye tracking 
measures in the Disambiguating region. Models were fitted to data from the meaningful 
Ambiguous and Unambiguous conditions only. One item was removed from analyses due to 
issues with sentence region assignment. Separate models were fitted for each dependent 
variable. Fixed effect parameter estimates, standard error (SE), z- and t-values, and Chi-
squared and p-values from likelihood ratio tests are reported. Maximal models were structured 
as follows: Dependent variable ~ 1 + Ambiguity + Vocabulary + Print Exposure + Ambiguity : 
Vocabulary + Ambiguity : Print Exposure + (1 + Vocabulary + Print Exposure | Items) + (1 + 
Ambiguity | Subjects). For first-fixation durations, correlations between random effects were 
removed from the model due to convergence issues. 

Model Predictor  β SE t χ2 p   

First-fixation 
duration        

 Intercept 2.36 0.01 327.33       

 Ambiguity -0.002 0.01 -0.33 0.12 .734   

  Vocabulary -0.004 0.01 -0.64 0.43 .515   

  Print Exposure -0.003 0.01 -0.54 0.3 .582   

  Ambiguity x Vocabulary 0.02 0.01 1.9 3.67 .055   

  
Ambiguity x Print 
Exposure -0.01 0.01 -0.74 0.56 .454   

Gaze duration        

 Intercept 2.4 0.01 234.41       

  Ambiguity -0.002 0.01 -0.22 0.05 .828   
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  Vocabulary -0.01 0.01 -1.37 1.9 .168   

  Print Exposure -0.01 0.01 -1.7 2.89 .089   

  Ambiguity x Vocabulary -0.01 0.01 -0.77 0.63 .428   

  
Ambiguity x Print 
Exposure 0.01 0.01 0.6 0.36 .55   

Go-past time        

 Intercept 2.46 0.01 202.82       

  Ambiguity -0.02 0.01 -1.64 2.74 .098   

  Vocabulary -0.02 0.01 -2.06 4.24 .04 ˥ 

  Print Exposure -0.02 0.01 -1.78 3.16 .076  

  Ambiguity x Vocabulary -0.01 0.01 -1.0 1.03 .31   

  
Ambiguity x Print 
Exposure 0.01 0.01 0.58 0.36 .552   

Second-pass 
reading time        

 Intercept 2.35 0.02 152.94       

 Ambiguity -0.05 0.02 -2.2 4.79 .029 ˥ 

 Vocabulary -0.01 0.01 -0.91 0.81 .367   

 Print Exposure -0.002 0.02 -0.15 0.02 .885   

 Ambiguity x Vocabulary -0.002 0.03 -0.09 0.005 .944   

 
Ambiguity x Print 
Exposure 0.01 0.03 0.29 0.07 .792   

         
   β SE z χ2 p  

Regressions 
out        

 Intercept -2.21 0.15 -14.47       

  Ambiguity -0.21 0.21 -1.01 1.21 .271   

  Vocabulary -0.01 0.14 -0.06 0.004 .95   

  Print Exposure -0.29 0.17 -1.75 3.19 .074   

  Ambiguity x Vocabulary -0.15 0.2 -0.77 0.59 .442   

  
Ambiguity x Print 
Exposure 0.18 0.22 0.83 0.68 .409   

   

  
  

˥Statistically significant at uncorrected  α = .05  
 

Table 3.8 Results from linear and logit mixed effect model comparisons for eye tracking 
measures in the Spill-over region. Models were fitted to data from the meaningful Ambiguous 
and the Unambiguous conditions only. One item was removed from analyses due to issues 
with sentence region assignment. Separate models were fitted for each dependent variable. 
Fixed effect parameter estimates, standard error (SE), z- and t-values, and Chi-squared and 
p-values from likelihood ratio tests are reported. Maximal models were structured as follows: 
Dependent variable ~ 1 + Ambiguity + Vocabulary + Print Exposure + Ambiguity : Vocabulary 
+ Ambiguity : Print Exposure + (1 + Vocabulary + Print Exposure | Items) + (1 + Ambiguity | 
Subjects) 

Model Predictor  β SE t χ2 p   

First-fixation 
duration        

 Intercept 2.4 0.01 292.45       

  Ambiguity 0.001 0.01 0.14 0.02 .879   
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  Vocabulary 0.0001 0.01 0.01 0 .996   

  Print Exposure -0.004 0.01 -0.52 0.28 .598   

  Ambiguity x Vocabulary -0.02 0.01 -1.65 2.77 .096   

  
Ambiguity x Print 
Exposure -0.01 0.01 1.22 1.51 .219   

Gaze duration        

 Intercept 2.5 0.02 168.71       

  Ambiguity -0.01 0.01 -1.26 1.59 .207   

  Vocabulary -0.003 0.01 -0.25 0.06 .803   

  Print Exposure -0.02 0.01 -1.33 1.79 .181   

  Ambiguity x Vocabulary -0.02 0.01 -1.93 3.7 .054   

  
Ambiguity x Print 
Exposure 0.02 0.01 2.02 4.08 .043 ˥ 

Go-past time        

 Intercept 2.7 0.03 92.52       

  Ambiguity -0.07 0.01 -4.86 23.04 <.001 * 

  Vocabulary 0.003 0.02 0.16 0.03 .868   

  Print Exposure -0.03 0.02 -1.5 2.27 .132   

  Ambiguity x Vocabulary -0.03 0.02 -1.91 3.63 .057   

  
Ambiguity x Print 
Exposure 0.03 0.02 1.66 2.75 .098   

Second-pass 
reading time        

 Ambiguity 0.01 0.02 0.59 0.36 .55   

 Vocabulary 0.01 0.02 0.61 0.4 .528   

 Print Exposure -0.04 0.02 -2.54 6.37 .012 ˥ 

 Ambiguity x Vocabulary -0.01 0.02 -0.59 0.35 .557   

 
Ambiguity x Print 
Exposure 0.03 0.02 1.23 1.49 .223   

        
   β SE z χ2 p  

Regressions out        

 Intercept -0.81 0.19 -4.32       

  Ambiguity -0.42 0.13 -3.32 10.63 .001 * 

  Vocabulary 0.07 0.13 0.49 0.24 .624   

  Print Exposure -0.09 0.13 -0.7 0.48 .488   

  Ambiguity x Vocabulary -0.3 0.15 -2.06 4.15 .042 ˥ 

  
Ambiguity x Print 
Exposure 0.19 0.15 1.29 1.63 .202   

   

  *Statistically significant at Bonferroni-corrected α = .01   

  ˥Statistically significant at uncorrected  α = .05   

 

Table 3.9 Pairwise comparisons of gaze duration in the Spill-over region. Models were fitted 
to data from the meaningful Ambiguous and Unambiguous conditions only. One item was 
removed from analyses due to issues with sentence region assignment. Separate models 
were fitted for the Ambiguous and Unambiguous conditions. Fixed effect parameter estimates, 
standard error (SE), z- and t-values, and Chi-squared and p-values from likelihood ratio tests 
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are reported. Maximal models were structured as follows: Gaze duration ~ 1 + Vocabulary + 
Print Exposure + (1 + Vocabulary + Print Exposure | Items) + (1 | Subjects) 

Model  Predictor  β SE t χ2 p   

Coherent 
Ambiguous 
trials Gaze duration          

  Intercept 2.51 0.02 165.31    

    Vocabulary 0.01 0.02 0.42 0.18 .669  

    Print Exposure 
-

0.03 0.02 -1.89 3.58 .058  
Coherent 
Unambiguous 
trials Gaze duration              

  Intercept 2.50 0.02 152.69      

    Vocabulary 
-

0.02 0.01 -1.11 1.26 .261  

    Print Exposure 
-

0.01 0.01 -0.35 0.13 .724  

                  

  *Statistically significant at Bonferroni-corrected α = .025   

  ˥Statistically significant at uncorrected  α = .05   

 

Table 3.10 Pairwise comparisons of regressions out of the Spill-over region. Models were fitted 
to data from the meaningful Ambiguous and Unambiguous conditions only. One item was 
removed from analyses due to issues with sentence region assignment. Separate models 
were fitted for the Ambiguous and Unambiguous conditions. Fixed effect parameter estimates, 
standard error (SE), z- and t-values, and Chi-squared and p-values from likelihood ratio tests 
are reported. Maximal models were structured as follows: Regressions out ~ 1 + Vocabulary 
+ Print Exposure + (1 + Vocabulary + Print Exposure | Items) + (1 | Subjects) 

Model  Predictor β SE z χ2 p   

Coherent 
Ambiguous 
trials 

Regression 
out        

  Intercept -0.57 0.2 -2.83       

    Vocabulary 0.23 0.15 1.46 2.12 .145   

    
Print 
Exposure -0.17 0.15 -1.09 1.17 .279   

Coherent 
Unambiguous 
trials 

Regression 
out               

  Intercept -0.99 0.18 -5.53       

    Vocabulary -0.07 0.14 -0.52 0.26 .608   

    
Print 
Exposure -0.003 0.14 -0.02 0 .983   

       

  *Statistically significant at Bonferroni-corrected α = .01  

    ˥Statistically significant at uncorrected  α = .05   

 

Table 3.11 Results from linear and logit mixed effect model comparisons for eye tracking 
measures in the Wrap-up region. Models were fitted to data from the meaningful Ambiguous 
and Unambiguous conditions only. Separate models were fitted for each dependent variable. 
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Fixed effect parameter estimates, standard error (SE), z- and t-values, and Chi-squared and 
p-values from likelihood ratio tests are reported. Maximal models were structured as follows: 
Dependent variable ~ 1 + Ambiguity + Vocabulary + Print Exposure + Ambiguity : Vocabulary 
+ Ambiguity : Print Exposure + (1 + Vocabulary + Print Exposure | Items) + (1 + Ambiguity | 
Subjects) 

Model Predictor  β SE t χ2 p   

First-fixation 
duration        

 Intercept 2.37 0.01 248.11       

  Ambiguity -0.01 0.01 -0.48 0.23 .634   

  Vocabulary 0.01 0.01 0.71 0.51 .476   

  Print Exposure -0.02 0.01 -1.85 3.34 .068   

  Ambiguity x Vocabulary -0.01 0.01 -0.47 0.22 .637   

  Ambiguity x Print Exposure 0.0004 0.01 0.04 0.001 .976   

Gaze duration        

 Intercept 2.42 0.02 145.79       

  Ambiguity -0.02 0.01 -1.67 2.74 .098   

  Vocabulary 0.01 0.02 0.75 0.56 .453   

  Print Exposure -0.04 0.02 -2.81 7.28 .007 * 

  Ambiguity x Vocabulary -0.002 0.02 -0.14 0.02 .894   

  Ambiguity x Print Exposure 0.01 0.02 0.56 0.3 .582   

Go-past time        

 Intercept 2.86 0.03 112.54       

  Ambiguity -0.18 0.02 -9.89 62.88 <.001 * 

  Vocabulary -0.004 0.02 -0.15 0.02 .88   

  Print Exposure -0.03 0.02 -1.4 2 .158  

  Ambiguity x Vocabulary -0.01 0.02 -0.29 0.09 .763   

  Ambiguity x Print Exposure -0.004 0.02 -0.21 0.04 .837   
Second-pass 
reading time        

 Intercept 2.42 0.02 116.92       

  Ambiguity -0.01 0.04 -0.22 0.03 .871  

  Vocabulary 0.03 0.02 1.67 2.79 .095   

  Print Exposure -0.05 0.03 -1.84 2.66 .103   

  Ambiguity x Vocabulary 0.01 0.04 0.15 0.03 .863   

  Ambiguity x Print Exposure -0.02 0.05 -0.43 0.18 .674   

        
   β SE z χ2 p   

Regressions out           

 Intercept 1.21 0.18 6.82    

  Ambiguity -0.77 0.18 -4.21 17.81 <.001 * 

  Vocabulary 0.03 0.17 0.14 0.02 0.888   

  Print Exposure 0.06 0.17 0.32 0.1 0.75   

  Ambiguity x Vocabulary -0.16 0.19 -0.86 0.72 0.397   

  Ambiguity x Print Exposure -0.01 0.19 -0.06 0.004 0.95   
  

*Statistically significant at Bonferroni-corrected α = .01   
˥Statistically significant at uncorrected α = .05   
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A.2.3 Individual differences measures 

Table 3.12 Variance inflation factors (VIFs) for the accuracy, total sentence reading time, and 
eye-tracking measure models. 

Model  Predictor VIF 

Accuracy   

  Vocabulary 1.99 

  Print exposure 2.03 

  Ambiguity x Vocabulary 2.15 

  Ambiguity x Print exposure 2.18 

    

Total sentence reading time 

  Vocabulary 1.46 

  Print exposure 1.46 

  Ambiguity x Vocabulary 1.44 

  Ambiguity x Print exposure 1.44 

    

Main Noun region   

 First-fixation duration  

  Vocabulary 1.4 

  Print exposure 1.4 

  Ambiguity x Vocabulary 1.41 

  Ambiguity x Print exposure 1.41 

 Gaze duration  

  Vocabulary 1.42 

  Print exposure 1.41 

  Ambiguity x Vocabulary 1.42 

  Ambiguity x Print exposure 1.42 

 Go-past time  

  Vocabulary 1.36 
  Print exposure 1.36 
  Ambiguity x Vocabulary 1.4 
  Ambiguity x Print exposure 1.4 
 Second-pass reading time  

  Vocabulary 1.32 

  Print exposure 1.33 

  Ambiguity x Vocabulary 1.41 

  Ambiguity x Print exposure 1.42 

 Regressions out  

  Vocabulary 1.38 

  Print exposure 1.39 
  Ambiguity x Vocabulary 1.46 
  Ambiguity x Print exposure 1.5 
    
Disambiguating region  
 First-fixation duration  
  Vocabulary 1.4 
  Print exposure 1.41 
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  Ambiguity x Vocabulary 1.38 
  Ambiguity x Print exposure 1.39 
 Gaze duration  
  Vocabulary 1.35 
  Print exposure 1.35 
  Ambiguity x Vocabulary 1.42 
  Ambiguity x Print exposure 1.42 
 Go-past time  
  Vocabulary 1.38 
  Print exposure 1.38 
  Ambiguity x Vocabulary 1.44 
  Ambiguity x Print exposure 1.43 
 Second-pass reading time  
  Vocabulary 1.46 
  Print exposure 1.44 
  Ambiguity x Vocabulary 1.47 
  Ambiguity x Print exposure 1.45 
 Regressions out  
  Vocabulary 1.38 
  Print exposure 1.38 
  Ambiguity x Vocabulary 1.41 
  Ambiguity x Print exposure 1.45 
    
Spill-over region   
 First-fixation duration  
  Vocabulary 1.38 
  Print exposure 1.38 
  Ambiguity x Vocabulary 1.37 
  Ambiguity x Print exposure 1.37 
 Gaze duration  
  Vocabulary 1.4 
  Print exposure 1.4 
  Ambiguity x Vocabulary 1.39 
  Ambiguity x Print exposure 1.39 
 Go-past time  
  Vocabulary 1.49 
  Print exposure 1.49 
  Ambiguity x Vocabulary 1.48 
  Ambiguity x Print exposure 1.48 
 Second-pass reading time  
  Vocabulary 1.36 
  Print exposure 1.35 
  Ambiguity x Vocabulary 1.39 
  Ambiguity x Print exposure 1.38 
 Regressions out  
  Vocabulary 1.39 
  Print exposure 1.39 
  Ambiguity x Vocabulary 1.38 
  Ambiguity x Print exposure 1.38 
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Wrap-up region   
 First-fixation duration  
  Vocabulary 1.46 
  Print exposure 1.46 
  Ambiguity x Vocabulary 1.4 
  Ambiguity x Print exposure 1.4 
 Gaze duration  
  Vocabulary 1.43 
  Print exposure 1.43 
  Ambiguity x Vocabulary 1.39 
  Ambiguity x Print exposure 1.39 
 Go-past time  
  Vocabulary 1.42 
  Print exposure 1.41 
  Ambiguity x Vocabulary 1.39 
  Ambiguity x Print exposure 1.39 
 Second-pass reading time  
  Vocabulary 1.13 
  Print exposure 1.13 
  Ambiguity x Vocabulary 1.31 
  Ambiguity x Print exposure 1.37 
 Regressions out  
  Vocabulary 1.42 
  Print exposure 1.41 
  Ambiguity x Vocabulary 1.41 
  Ambiguity x Print exposure 1.39 
    
Predicting accuracy from regressions out of the Spill-over region 

  Vocabulary 2.47 
  Print exposure 2.24 
  Ambiguity x Vocabulary 3.01 
  Ambiguity x Print exposure 2.64 
  Regressions x Vocabulary 2.39 
  Regressions x Print exposure 2.24 
  Ambiguity x Regressions x Vocabulary 2.8 
  Ambiguity x Regressions x Print exposure 2.64 



BLOTT (2019): DOWN THE GARDEN-PATH AND BACK AGAIN 

229 
 

  



BLOTT (2019): DOWN THE GARDEN-PATH AND BACK AGAIN 

230 
 

 

 

 

 

 

 

 

 

Acknowledgements: I would like to thank undergraduate student Millie Anderson 

for help with the experiment set up and data collection. 

  

4. The role of task demands and lexical 

expertise in recovering from 

misinterpretations 

Im
a

g
e

 c
re

d
it
: 

D
T

R
a
v
e

 (
2
0

1
2

);
  
M

a
ic

o
n

fz
 (

n
.d

.)
 



BLOTT (2019): DOWN THE GARDEN-PATH AND BACK AGAIN 

231 
 

1. Introduction 

 

The recovery from misinterpretations in garden-path sentences is associated with 

processing costs to reading time (e.g. Duffy et al., 1988; Ferreira & Clifton, 1986; 

Rayner & Duffy, 1986; see also Chapters 2 and 3 of this thesis). In addition, the results 

from the experiments reported in Chapters 2 and 3 suggest that a reader’s knowledge 

and experience with words and their meanings affects the extent to which they 

experience “garden-path effects”, i.e. longer reading times for sentences that require 

reinterpretation compared to matched control sentences. However, the magnitude of 

these garden-path effects may be affected not only by an individual’s language 

processing capabilities but also by external factors such as reading goals and task 

demands.  

 

For example, Swets, Desmet, Clifton, and Ferreira (2008) argued that 

sentence-level meaning representations are only developed in depth if such 

elaboration is required to fulfil the task. They found processing costs related to 

reinterpretation only when answers to comprehension questions relied on having 

successfully disambiguated a sentence. Similarly, in a task akin to the Meaning 

Coherence judgement task used in Chapters 2 and 3, Mistler-Lachman (1975) 

reported greater processing costs to reading times of Ambiguous compared to 

Unambiguous sentences when the task required reinterpretation to make sense of 

the sentences. Greater ambiguity-related processing costs were found when the 

experimental sentences were presented amongst filler sentences that contained 

relatively subtle semantic anomalies (and participants were therefore licensed to give 

up on reinterpretation and instead settle on a “this sentence does not make sense” 

response), compared to a condition where filler sentences were more obviously 

anomalous. Further evidence that readers’ engagement in reinterpretation processes 
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in particular may depend on the task demands comes from eye-tracking and priming 

studies, which suggest that comprehenders flexibly allocate processing resources to 

the demands of sentence comprehension (Cooper, 2017; Gilbert et al., 2019; Weiss 

et al., 2018).  

 

Based on previous literature and the results from Chapters 2 and 3, the 

present study pursued three research questions. The first question was whether the 

group-level effects of reinterpretation demands that were observed in the eye-tracking 

study reported in Chapter 3 could be replicated with a different method of investigating 

on-line sentence processing. Participants were presented with semantic garden-path 

sentences and matched unambiguous controls with the same structure and from the 

same stimulus pool as those used in Chapter 3 (see Examples (13) and (14) below). 

Instead of eye-tracking technology, the present study used a self-paced moving-

window paradigm. Sentences were presented segment-by-segment, with readers 

pressing a key to make each segment appear at their own pace. In contrast to the 

reading paradigms in Chapters 2 and 3, only a single segment was visible to readers 

at a time. The self-paced moving-window paradigm requires readers to fixate on the 

word (or words) that are currently being displayed, moving through the sentence 

incrementally at their own reading pace. Readers are therefore unable to skip function 

words that they may have skipped under more natural reading conditions, to use 

parafoveal preview to anticipate upcoming words, or to make use of saccadic 

regressions to re-read previous parts of the sentence. Witzel, Witzel, and Forster 

(2012) argue that these constraints offer an advantage over typical eye-tracking 

experiments, as the paradigm forces readers to engage in strictly incremental 

processing and does not allow for e.g. fixations on particular parts of the sentence 

only in order to answer a comprehension question. A further advantage of the self-

paced reading paradigm is that it can be carried out remotely, and can therefore be 

used on larger, more diverse samples of participants compared to stationary eye-
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tracking technology. However, the moving-window paradigm also poses additional 

demands on readers’ short-term memory compared to whole-sentence reading, 

where previous parts of the sentence do not need to be stored in memory but can 

physically be revisited by regressive eye movements. The present study therefore 

included a memory task so that individual differences in short-term memory could be 

taken account of in the analyses.  

 

As in Chapter 3, the main regions-of-interest were the Disambiguating region 

(e.g. “build”), and a Spill-over region that immediately followed (e.g. “from the”) in 

order to capture effects that carried over from the Disambiguating region due to button 

presses that may have too quickly erased the critical word “build” from the screen.  

 

(13) The news reported that the plant had been very difficult to build from the 

start. 

 

(14) The news reported that the church had been very difficult to build from 

the start. 

 

The second research question addressed in this study concerns the role of 

individual differences in vocabulary knowledge for reinterpretation processes. As 

Chapter 3 has shown, readers with greater vocabulary knowledge may be more 

sensitive to disambiguating information, and trigger re-reading behaviour related to 

reinterpretation efforts earlier in the sentence compared to readers with comparatively 

lower vocabulary knowledge. In the moving-window paradigm, however, previous 

parts of the sentence are occluded from view, and re-reading is therefore not possible. 

The question was therefore whether the previously observed sensitivity benefits of 

greater vocabulary knowledge would also manifest as greater “garden-path” effects 

on reading times of the Disambiguating region in the present study.  
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A third research question was whether reinterpretation-related reading 

behaviour was affected by the comprehender’s reading goals. Participants 

encountered the critical sentences in a condition without an explicit task (No-Task 

condition), and in a Meaning Coherence Judgement task (Task condition), identical 

to the task used in Chapters 2 and 3. While the No-Task condition allowed participants 

to read with their own comprehension criteria, accurate performance in the Task 

condition explicitly required reinterpretation of the Ambiguous sentences. If readers 

engage in reinterpretation irrespective of whether a task explicitly requires them to do 

so, reinterpretation-related effects on reading time should be observed for both the 

No-Task and the Task conditions. If, however, reading strategies depend on the 

demands of the task, reinterpretation-related effects of reading times may be 

observed only when the task explicitly required readers to engage in ambiguity 

resolution. Of particular interest was also whether any effects of task demands on 

reading behaviour vary according to readers’ vocabulary knowledge, as the quality of 

readers’ lexical representations may affect their ability to construct veridical sentence-

level meaning representations on-line. For example, a reader with high-quality lexical 

representations may have processing resources available for deeper processing, 

irrespective of the task demands.  

 

2. Method 

 

2.1 Participants 

 

Participants were recruited via Prolific Academic (prolific.ac, Damer & Bradley, 2014), 

and completed the study remotely in their own time. This recruitment method allowed 

for the sampling of a non-university-based participant population. Eligibility criteria 

were: English as primary language; age 18 – 35; currently residing in the United 

Kingdom; resident in the United Kingdom for the past 5 years and for the majority of 
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time up to the age of 18; no history of significant neurological disorder, literacy 

difficulties or visual deficits. In total, 188 volunteers started the study; data from 21 

participants was discarded because they reported technical issues with stimulus 

presentation, or indicated that they had an uncorrected visual impairment. Written 

informed consent was obtained from all participants, and they were remunerated for 

participation. Ethical approval for this study was obtained from the UCL Department 

of Language and Cognition Ethics Chair as part of a larger research programme. 

 

2.2 Materials and design 

 

Stimuli for the Ambiguous condition contained an unbalanced ambiguous Main Noun 

in the first half of the sentence, which was disambiguated to its subordinate meaning 

by a single word in the second half of the sentence (see Chapter 1, 5.1.1 Stimulus 

Design for details about the creation of these stimuli). For the purposes of the present 

experiment, a neutral final phrase was added to each sentence to avoid the 

contamination of ambiguity-related effects on reading times with sentence wrap-up 

effects (see example in Table 4.1; Warren et al., 2009). Forty-eight ambiguous 

sentences to be included in this study were selected on the basis of extensive piloting 

conducted previously (see Chapter 1, 5.1.1 Stimulus Design for details, and Appendix 

8.3 for a full list of stimuli). Forty-eight matched sentences for the Unambiguous 

control condition were created by replacing the Main Nouns in the Ambiguous 

sentences with frequency- and length-matched unambiguous words. The remainder 

of the sentence content, including the disambiguating information, was not altered. 

The two conditions did not differ significantly in terms of the lemma frequency (based 

on the CELEX lexical database, Baayen et al., 1995; t(94) = 1.03, p = .304, Cohen’s 

d = 0.21), number of letters (t(94) = -1.69, p = .094, Cohen’s d = -0.35), or number of 

syllables t(94) = 0.16, p = .87, Cohen’s d = 0.03) of the Main Noun (see descriptive 

statistics in Table 4.2).
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Table 4.1 Illustration of sentence regions. Participants pressed a key to make sentence segments appear on their screen one after the other. 

   Main Noun    Disambiguating information Spill-over Wrap-up 

The news reported that the plant had been very difficult  to build from the start. 

 

 

 

Table 4.2 Stimulus characteristics. Means (SD) of lemma frequency per million (CELEX lexical database, Baayen et al., 1995), number of letters, and number 
of syllables of Main Noun in the critical conditions in the self-paced reading blocks. 

Condition Main Noun 

lemma frequency 

Main Noun 

letters (N) 

Main Noun 

syllables (N) 

Ambiguous 74.42 (75.88) 4.96 (1.38) 1.56 (1.62) 

Unambiguous 60.04 (59.37) 5.48 (1.62) 1.52 (0.68) 
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Participants completed two self-paced reading blocks with Ambiguous and 

Unambiguous sentences: One block involved an ecological reading condition without 

an explicit task (No-Task condition), and the other included instructions to make an 

explicit Meaning Coherence judgement about each sentence (Task condition). For 

the Task condition, additional filler sentences were created that were to be judged as 

“nonsense”. These semantically anomalous sentences were created by altering 

sentences that were similar in structure to the experimental sentences, and stemmed 

from the same sentence pool. The original Main Nouns in these meaningful sentences 

were replaced by new, either ambiguous or unambiguous, nouns that were 

semantically incompatible with the content of the disambiguating information (e.g. 

“Sarah wasn't convinced that the landing would really suit the hat she had bought.”). 

Main Nouns and disambiguating information were not duplicated across the four 

conditions. 

 

The 48 experimental Ambiguous and Unambiguous sentence pairs were 

divided into two lists, each containing 24 stimuli per condition. Each participant was 

randomly assigned to one of these two lists. The Ambiguous and Unambiguous 

versions of each sentence were not assigned to the same list, so that each participant 

encountered each sentence frame in only one condition. The 24 stimuli per list were 

further divided into two sentence groups, each containing 12 sentences per condition. 

Each sentence group was assigned to either the No-Task or the Task self-paced 

reading block; this assignment was counterbalanced across participants. Twenty-four 

anomalous filler sentences were presented in addition to the critical sentences in the 

Task condition, and were identical for all participants. Data from these sentences were 

not analysed. There were 12 anomalous Ambiguous and 12 anomalous 

Unambiguous sentences, so that the ratio of Meaningful: Anomalous sentences, and 

the ratio of Ambiguous : Unambiguous sentences were both 1:1 in the task. Each 
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participant read 24 sentences in the No-Task block (12 Ambiguous, and 12 

Unambiguous), and made decisions about 48 sentences in the Task block (12 

Ambiguous, 12 Unambiguous, 12 anomalous Ambiguous, 12 anomalous 

Unambiguous). Stimuli in the No-Task block and Task were presented in the same 

pseudorandomised order for each participant, following recommendations for 

individual differences designs (Swets et al., 2007).  

 

For the self-paced reading presentation, each sentence was divided into ten 

phrases of 1-3 words each (see Table 4.1). Regions in the sentence were divided 

such that the Main Noun and Disambiguating region occupied the same phrase-slots 

in each sentence. The Spill-over region consisted of the two function words directly 

following on from the disambiguating information. Sentences were presented in a 

mixture of phrases and single words per region rather than strictly word-by-word 

because sentences in the stimulus pool were of different lengths. By presenting a 

fixed number of regions for all sentences, it was possible to control the position of the 

critical words (Main Noun, Disambiguating, and Spill-over region).  

 

The present study had a mixed design, with the categorical within-subjects 

factors of Sentence Type (Ambiguous/Unambiguous) and Task Type (No-Task/Task), 

and the continuous between-subjects variable Vocabulary Knowledge. Dependent 

variables were the speed of button presses after presentation of the Main Noun, 

Disambiguating information, and Spill-over regions, as well as the sentence-final 

Wrap-up region, to capture reading times for these regions-of-interest. 
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2.3 Procedure 

 

The experiment was set up using the online experiment platform Gorilla 

(www.gorilla.sc/about; Cauldron Inc., Anwyl-Irvine et al., 2019). Participants 

completed the study online on their own computers within approximately 30-40 

minutes on average. Before the main tasks, participants completed a demographic 

questionnaire on their age, education, and language background. The main part of 

the study consisted of four separate tasks that were to be completed in a single 

setting: the No-Task self-paced reading block, the Task self-paced reading block, the 

Mill Hill vocabulary test, and a novel Short-term Memory task. The order of tasks was 

fixed across participants to ensure that participants’ reading behaviour in the No-Task 

block was not biased by having encountered semantically anomalous sentences in 

the Task condition. Participants were informed of the general purpose of the study 

(testing their reading comprehension, word knowledge and memory), the nature of 

the self-paced reading presentation, and the Task but were not informed of the 

ambiguity manipulation.   

 

In the No-Task block, participants were instructed to read each sentence 

silently for meaning, and move through the sentence phrase-by-phrase by pressing 

the spacebar on their keyboard once they had finished reading each phrase. At the 

beginning of each trial, a fixation cross was displayed for 600 ms in the centre of the 

screen, followed by automatic display of the first phrase of the sentence towards the 

left side of the screen. The rest of the sentence was self-paced; the following phrases 

appeared on the screen only once the participant had pressed the spacebar. Each 

spacebar press called the next phrase, which appeared in a position on the screen to 

the right of the previous phrase. Previously presented phrases did not remain visible 

on the screen but disappeared as soon as the spacebar was pressed, and the new 
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phrase was revealed. This presentation ensured that participants’ eyes moved from 

left to right like they would during normal reading, but did not allow for physical re-

reading of previous parts of the sentence. Reading time for each sentence region was 

measured from the time of the button press. Before the experimental trials, 

participants practised the self-paced reading paradigm on three unambiguous 

practice sentences that were not repeated in the experiment proper.  

 

In the Task block, participants were instructed to read each sentence silently 

for meaning. Additionally, after the final word of the sentence had disappeared, they 

had to decide as quickly and as accurately as possible whether the sentence made 

sense or did not make sense. Fixation cross and sentence presentation were the 

same as in the No-Task condition. After the last button press (i.e. after having read 

the word(s) in the Wrap-up region), images of the response options “sense” and 

“nonsense” appeared on the screen. These images prompted participants to press 

keys for “Yes, this sentence makes sense” or “No, this sentence does not make 

sense” (reminders of which key was associated with which response were included 

on the screen). The assignment of keys to the “sense” and “nonsense” responses was 

counterbalanced across participants. Once a response key was pressed, the next trial 

began. Before the experimental trials, participants practised the Task on three 

meaningful and three anomalous sentences (all unambiguous) which were not 

presented during the main task. For the practice trials only, participants received 

immediate feedback on the accuracy of their responses.  

 

After the self-paced reading Task, participants completed the short version (A) 

of the Mill Hill vocabulary scale (Raven, Court, & Raven, 1977). A single word 

highlighted in bold was displayed at the top of the screen, with six response options 

below. Participants were instructed to select the response option that best matched 

the meaning of the word at the top. A single item was used as practice; participants 
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received feedback on the accuracy of their response only for this item. Following 

practice, 33 further words were presented. Responses were timed out after 10 

seconds so that participants would not have time to look up words in a dictionary. For 

the last 5 seconds of each trial, a countdown was displayed on screen. After the task, 

participants received feedback on their overall accuracy. They were also asked 

whether they had sought help with their answers in any way, e.g. by looking words up 

in a dictionary or asking a friend, and were assured that their answer to this question 

would still allow them to proceed. None of the participants indicated that they had not 

answered the questions by themselves; thus, none were excluded from analyses on 

the basis of their response to this question. For each participant, a proportion of 

correct responses (out of 34 trials) was calculated as their Vocabulary Knowledge 

score. 

 

Finally, participants completed a Short-term Memory task. The paradigm was 

based on a forward digit span task but adjusted for remote use without the presence 

of an experimenter. Participants were told that they would be presented with 

sequences of digits that they would need to recall. Before each trial, a fixation cross 

was presented in the centre of the screen for 350 ms. Participants then saw a grid of 

9 boxes, one of which contained a digit and 8 of which were blank. The spatial position 

of digits on the number grid was random so that the grid did not correspond to a 

familiar layout such as a number grid on a phone or calculator. This randomisation 

ensured that short-term rather than spatial memory was taxed in this task. Participants 

were instructed to click on the digit as soon as they could see it in order to advance 

to the next screen. Although the screen actually advanced automatically after 1500 

ms, this instruction ensured that participants were using their hand to guide the mouse 

rather than writing down the digits they were supposed to hold in memory. The fixed 

time of 1500 ms was chosen to ensure the task captured short-term memory. Once 

the entire digit series had been presented, a number line was displayed on the screen, 
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and participants were instructed to select the digits in the order in which they had seen 

them presented in the previous trial. The number line was linear, and included digits 

from 1 to 9. There was a deadline for recall responses of 20 s. Participants were 

required to recall digit series of increasing lengths throughout the task, from 3-digit 

sequences to 9-digit sequences, with two trials per difficulty level. Short-term Memory 

Scores were calculated by assigning one point for each correctly recalled digit 

sequence, adding these up for each participant, and calculating a proportion of the 

total possible score. Data from this task were only included in analyses if participants 

followed the instruction to click on the number grid during digit series presentation.  

 

Originally, the aim was to explore the role of vocabulary knowledge on self-

paced reading behaviour while accounting for individual differences in short-term 

memory, which may affect on-line comprehension processes in the self-paced moving 

window paradigm (e.g. Daneman & Carpenter, 1983). However, 73 out of 167 

participants failed to follow the instructions for the Short-term Memory task to click on 

each number as soon as it appeared, and it was therefore unclear whether these 

participants had used any outside help to perform the task (e.g. by writing down the 

numbers). Due to this unexpectedly high level of data loss, two separate sets of 

analyses were conducted.  

 

In the first set of analyses, the data from participants who failed to follow 

instructions on the Short-term Memory task were not excluded in order to maximise 

statistical power for the crucial effect of vocabulary knowledge on reinterpretation. 

However, this meant that a covariate for participants’ Short-term Memory was not 

included. These analyses were based on data from 167 native speakers of British 

English (98 female, aged 18 – 35, MAge = 27.12 years, SDAge= 5.45). Although the 

majority of these participants had completed at least an undergraduate degree (n = 

93), a sizeable proportion of participants had not received university-level education 
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(n = 74). The sample was therefore more diverse in terms of educational background 

than the participant samples usually recruited in psychology studies. Most participants 

were native speakers of British English from birth (n = 165), while 2 participants had 

acquired British English between the ages of 5 and 11. These participants were not 

excluded because they self-identified as being native speakers of English. Thirteen 

participants considered themselves bilingual, i.e. able to speak an additional language 

other than British English fluently.  

 

A second set of analyses were conducted that included participants’ Short-

term Memory scores as a covariate in statistical models. These analyses were based 

on a smaller set of participants (N = 94; 53 female, aged 18-35, MAge = 26 years, 

SDAge= 5.46; university-level education n = 53, non-university education n = 36; native 

speakers from birth n = 93, learned English between ages 5-11 n = 1; bilingual n = 5). 

 

2.4 Data analysis 

 

Analyses were conducted on the critical Ambiguous and Unambiguous conditions 

only. For each region-of-interest, individual trials with button presses faster than 200 

ms were removed from analyses, as this was assumed to be too short for adequate 

word-level processing (Rayner, 1998). Additionally, trials where reading times for 

individual regions exceeded 1500 ms were removed under the assumption that these 

button presses reflected lapses in attention. Overall, 5.6% of reading time data were 

removed.  

 

Analyses were conducted in RStudio (v. 3.4.2; RStudio Team, 2015), using 

mixed effects modelling. Reading times for the sentence regions-of-interest were log-

transformed for all analyses. Discrete factors were deviation-coded: Ambiguity 



BLOTT (2019): DOWN THE GARDEN-PATH AND BACK AGAIN 

244 
 

(Ambiguous -0.5; Unambiguous 0.5), and Task (No-Task -0.5; Task 0.5). The 

continuous Vocabulary measure (and Short-term Memory, where applicable) was 

centred and scaled (i.e. standardised) prior to analysis. All main models included fixed 

effects for Ambiguity, Task, and the Vocabulary measure (as well as Short-term 

Memory, where applicable), and two-way and three-way interactions. The random 

effects structure was kept as maximal as possible, with random intercept and slope 

for Ambiguity, Task and their interaction by-subjects, and a random intercept and 

slope for Vocabulary (and Short-term Memory, where applicable) by-items (Barr et 

al., 2013). Model complexity was reduced only where necessary. The lmer() function 

of the lme4 package (v. 1.1.17; Bates et al., 2015)  was used to fit linear mixed effects 

models for reading times. Separate models were fitted for each dependent variable 

(i.e. for each sentence region). Additionally, the glmer() function (with bobyqa 

optimiser) from the same package was used to fit logit mixed effects models for 

accuracy in the Task condition. Model comparisons were conducted using likelihood 

ratio tests, and Chi-squared and p-values (α set at .05, or Bonferroni-corrected where 

indicated) from these tests are reported. Detailed results from statistical models, 

including parameter estimates, can be found in section A. Statistical models at the 

end of this chapter. 

 

3. Results 

 

3.1 Analyses of the complete dataset (N = 167) without Short-term 

Memory as a covariate 

 

Figure 4.1 shows the distribution of readers’ scores on the Vocabulary task, and 

suggests that the sample was reasonably diverse in terms of lexical knowledge. 
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Readers’ Vocabulary knowledge was related to accuracy in the Task condition, and 

reading times for both No-Task and Task conditions.   

 

Figure 4.1 Distribution of Vocabulary scores. Histogram shows the distribution of Vocabulary 
scores in the full sample (N = 167). 

 

The accuracy of participants’ decisions in the Task condition was significantly 

greater in the Unambiguous trials (M = 0.94, SD = 0.25) compared to the Ambiguous 

trials (M = 0.67, SD = 0.47; χ2(1) = 212.01, p < .001), but – as can be seen in Figure 

4.2 – the magnitude of the Ambiguity effect varied considerably across individuals. 

There was a significant main effect of Vocabulary on accuracy rates (χ2(1) = 9.52, p 

= .002); readers with greater vocabulary scores tended to achieve greater accuracy 

on the task (see Table 4.5 in section A.1.1 at the end of the chapter). The Ambiguity 

x Vocabulary interaction did not reach significance (p = 0.78).  
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Figure 4.2 Accuracy rates in the Task condition. Raincloud plot (top panel; Allen et al., 2019) 
shows median and interquartile range in the boxplot element, probability density in the split 
violin element, and distribution of accuracy scores for the Ambiguous and Unambiguous 
condition. Histogram (bottom panel) shows the distribution of processing costs associated with 
Ambiguous sentences for accuracy. Average garden-path effects were calculated across trials 
for each participant by subtracting their mean accuracy for Ambiguous trials from their mean 
accuracy for Unambiguous trials. 

Table 4.3 Summary of mean reading times (SD) per sentence region-of-interest. 

  Main Noun Disambiguating 
information 

Spill-over Wrap-up 

No-Task      

 Unambiguous 501.08 
(210.49) 

498.15  
(210.67) 

497.16 
(185.77) 

504.02 
(208.94) 

 Ambiguous 498.95 
(210.2) 

501.69  
(207.63) 

506.71 
(191.16) 

527.99 
(219.58) 

Task      

 Unambiguous 451.26 
(184.87) 

467.09  
(189.33) 

464.9 
(153.49) 

523.27 
(225.44) 

 Ambiguous 447.11 
(178.7) 

475.98  
(209.45) 

501.99 
(183.09) 

549.07 
(238.69) 
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3.1.1 Main Noun region 

 

In the Main Noun region, the difference between reading times for the Ambiguous (M 

= 472.96 ms, SD =196.74) and the Unambiguous sentences (M = 476.17 ms, SD = 

199.63) was not statistically significant. There was, however, a significant main effect 

of Task (χ2(1) = 45.9, p < .001), with shorter reading times in the Task (M = 449.18 

ms, SD = 181.79) compared to the No-Task condition by about 50 ms on average (M 

= 500.01 ms, SD = 210.32; see Table 4.6 in section A.1.2 at the end of the chapter). 

This effect can be seen in Figure 4.3. The main effect of Vocabulary on reading times 

in this region only approached significance (χ2(1) = 3.73, p = .054), suggesting a trend 

towards an association of greater Vocabulary knowledge with faster reading times 

(see Table 4.6 in section A.1.2 at the end of the chapter).  

 

Figure 4.3 Reading times in the Main Noun region. Raincloud plot (Allen et al., 2019) shows 
median and interquartile range in the boxplot element, probability density in the split violin 
element, and distribution of reading times for Ambiguous and Unambiguous trials, in the No-
Task and the Task condition. 

 

 

 

 



BLOTT (2019): DOWN THE GARDEN-PATH AND BACK AGAIN 

248 
 

3.1.2 Disambiguating region 

 

In the Disambiguating region, reading times for the Ambiguous sentences (M = 

488.82, SD = 208.91) were significantly longer than reading times for their 

Unambiguous counterparts (M = 482.66, SD = 200.89; χ2(1) = 4.47, p = .035), 

suggesting a slow-down of reading pace due to the encounter of information that was 

inconsistent with the initially selected meaning of the ambiguous Main Noun (see 

Table 4.6 in section A.1.2 at the end of the chapter). This “garden-path” effect can be 

seen in Figure 4.4. 

 

There was also a significant main effect of Task in the Disambiguating region, 

with significantly shorter reading times in the Task (M = 471.54, SD = 199.67) 

compared to the No-Task condition (M = 499.92, SD = 209.14; χ2(1) = 16.48, p < .001; 

see Figure 4.4). Neither the main effect of Vocabulary nor any Vocabulary interactions 

were statistically significant (see Table 4.6 in section A.1.2 at the end of the chapter).  

 

Figure 4.4 Reading times in the Disambiguating region. Raincloud plot (Allen et al., 2019) 
shows median and interquartile range in the boxplot element, probability density in the split 
violin element, and distribution of reading times for Ambiguous and Unambiguous trials, in the 
No-Task and the Task condition 
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3.1.3 Spill-over region 

 

In the Spill-over region, reading times in Ambiguous sentences (M = 504.33, SD = 

187.13) were significantly longer than reading times for Unambiguous sentences (M 

= 480.96, SD = 171.07; χ2(1) = 56.45, p < .001). There was also a significant main 

effect of Task (χ2(1) = 4.73, p = .03), with faster reading times in the Task (M = 483.45, 

SD = 169.93) compared to the No-Task condition (M = 501.92, SD = 188.51). 

However, these main effects were qualified by a significant Ambiguity x Task 

interaction (χ2(1) = 17.26, p < .001; see Table 4.6 in section A.1.2 at the end of the 

chapter, Table 4.3, and Figure 4.5). The interaction was explored further with separate 

post-hoc models for each Task type.  

 

Although the Ambiguity effect was significant in both Task conditions, 

coefficient estimates suggests a greater effect of Ambiguity on reading times in the 

Task (β  = -0.03; χ2(1) = 63.41, p < .001) compared to the No-Task condition (β  = -

0.01; χ2(1) = 6.68, p = .01; see Table 4.7 in section A.1.2 at the end of the chapter). 

Neither the main effect of Vocabulary nor any Vocabulary interactions were 

statistically significant. 
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Figure 4.5 Reading times in the Spill-over region. Raincloud plot (Allen et al., 2019) shows 
median and interquartile range in the boxplot element, probability density in the split violin 
element, and distribution of reading times for Ambiguous and Unambiguous trials, in the No-
Task and the Task condition. 

 

3.1.4 Wrap-up region 

 

Reading times for the final sentence region in Ambiguous sentences (M = 538.43, SD 

= 229.45) were significantly longer than reading times in Unambiguous sentences (M 

= 513.67, SD = 217.55; χ2(1) = 45.26, p < .001). There was also a significant main 

effect of Task (χ2(1) = 5.84, p = .016), suggesting that reading times were longer in 

the Task (M = 536.05, SD = 232.43) compared to the No-Task condition (M = 516.03, 

SD =214.64). These effects can be seen in Figure 4.6. The Task x Vocabulary 

interaction did not reach statistical significance (p = .07; see Table 4.6 in section A.1.2 

at the end of the chapter).  
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Figure 4.6 Reading times in the Wrap-up region. Raincloud plot (Allen et al., 2019) shows 
median and interquartile range in the boxplot element, probability density in the split violin 
element, and distribution of reading times for Ambiguous and Unambiguous trials, in the No-
Task and the Task condition. 

 

 

 

 

 

 

 

 

 

 

 

 

 



BLOTT (2019): DOWN THE GARDEN-PATH AND BACK AGAIN 

252 
 

3.2 Analyses of a subset of the sample (N = 94) with Short-term 

Memory as a covariate 

 

The distributions of readers’ scores on the Vocabulary and Short-term Memory tasks 

can be found in Figure 4.7. The two measures were moderately correlated (r = 0.25, 

p = .003).  

 

Figure 4.7 Distribution of Vocabulary and Short-term memory scores. Histograms show the 
distribution of Vocabulary (left panel) and Short-term memory scores (right panel) in the 
sample. The bottom panel shows the correlation (r = 0.25, p = .003) between the two 
measures. 

 

The accuracy of participants’ decisions on the Task was significantly greater 

in the Unambiguous trials (M = 0.95, SD = 0.22) compared to the Ambiguous trials (M 

= 0.68, SD = 0.47; χ2(1) = 121.55, p < .001). Figure 4.8 shows the distribution of mean 

“garden-path” effects across individuals. Neither the main effects of Vocabulary or 
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Short-term Memory, nor their interactions with Ambiguity were statistically significant 

(see Table 4.8 in section A.2.1 at the end of the chapter).  

 

 

Figure 4.8 Accuracy rates in the Task condition. Raincloud plot (top panel; Allen et al., 2019) 
shows median and interquartile range in the boxplot element, probability density in the split 
violin element, and distribution of accuracy scores for the Ambiguous and Unambiguous 
condition. Histogram (bottom panel) shows the distribution of processing costs associated with 
Ambiguous sentences for accuracy. Average garden-path effects were calculated across trials 
for each participant by subtracting their mean accuracy for Ambiguous trials from their mean 
accuracy for Unambiguous trials. 
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Table 4.4 Summary of mean reading times (SD) per sentence region-of-interest. 

  Main Noun Disambiguating 
information 

Spill-over Wrap-up 

No-Task      

 Unambiguous 483.86 
(190.72) 

488.87  
(196.89) 

492.08 
(178.22) 

500.43 
(203.39) 

 Ambiguous 481.38 
(191.16) 

491.87  
(198.37) 

499.71 
(177.96) 

520.77 
(214.44) 

Task      

 Unambiguous 447.81 
(182.32) 

460.6  
(181.32) 

460.1 
(145.89) 

513.63 
(219.09) 

 Ambiguous 437.8 
(170.73) 

470.55  
(194.81) 

500.65 
(180.14) 

549.77 
(241.76) 

 

 

3.2.1 Main Noun region 

 

In the Main Noun region, the difference between reading times for the Ambiguous (M 

= 459.59 ms, SD = 182.5) and the Unambiguous sentences (M = 465.73 ms, SD = 

187.37) was not statistically significant. There was, however, a significant main effect 

of Task (χ2 (1) = 22.29, p < .001), with significantly shorter reading times in the Task 

(M = 442.8 ms, SD =176.65) compared to the No-Task condition (M = 482.61 ms, SD 

= 190.9).  This effect can be seen in Figure 4.9. Additionally, there was a significant 

main effect of Vocabulary score (χ2 (1) = 5.67, p = .017), suggesting that generally, 

participants with greater vocabulary knowledge tended to show faster reading times 

than individuals with comparatively lower levels of lexical knowledge. Neither the main 

effect of Short-Term Memory nor any two- or three-way interactions were statistically 

significant (see Table 4.9 in section A.2.2 at the end of the chapter). 
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Figure 4.9 Reading times in the Main Noun region. Raincloud plot (Allen et al., 2019) shows 
median and interquartile range in the boxplot element, probability density in the split violin 
element, and distribution of reading times for Ambiguous and Unambiguous trials, in the No-
Task and the Task condition. 

 

3.2.2 Disambiguating region 

 

In the Disambiguating region, reading times for the Ambiguous sentences (M = 

481.24, SD = 196.85) were numerically longer than reading times for their 

Unambiguous counterparts (M = 474.82, SD = 189.79). However, the main effect of 

Ambiguity did not reach significance (p = .071; see Table 4.9 in section A.2.2 at the 

end of the chapter, and Figure 4.10).  

 

There was a significant main effect of Task in the Disambiguating region (χ2 

(1) = 8.02, p = .005), with significantly shorter reading times in the Task (M = 465.56, 

SD = 188.19) compared to the No-Task condition (M = 490.36, SD = 197.59; see 

Figure 4.10). In addition, the main effect of Vocabulary (χ2 (1) = 3.5, p = .061), and 

the Task x Vocabulary interaction were marginally significant (χ2 (1) = 3.7, p = .054; 

see Table 4.9 in section A.2.2 at the end of the chapter, and Figure 4.11). The 

interaction was further explored with two separate post-hoc analyses. 
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The main effect of Vocabulary was not statistically significant in the Task 

condition. However, in the No-Task condition, a significant main effect of Vocabulary 

(χ2 (1) = 5.32, p = .021) indicated that greater vocabulary scores were associated with 

faster reading times (see Table 4.10 in section A.2.2 at the end of the chapter, and 

Figure 4.11). These results suggest that participants’ Vocabulary knowledge only had 

a positive (i.e. accelerating) effect on reading times of this region when there was no 

explicit task. Neither the main effect of Short-Term Memory nor any other two-way 

and all three-way interactions were statistically significant (see Table 4.9 in section 

A.2.2 at the end of the chapter). 

 

Figure 4.10 Reading times in the Disambiguating region. Raincloud plot (Allen et al., 2019) 
shows median and interquartile range in the boxplot element, probability density in the split 
violin element, and distribution of reading times for Ambiguous and Unambiguous trials, in the 
No-Task and the Task condition. 
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Figure 4.11 Relationship between reading times in the Disambiguating region and 
Vocabulary knowledge. Scatterplots show each participant’s mean reading time for 
Ambiguous and Unambiguous trials; regression line shows 95% confidence interval. 

 

3.2.3 Spill-over region 

 

In the Spill-over region, reading times for Ambiguous sentences (M = 500.19, SD = 

179.02) were significantly longer than reading times for Unambiguous sentences (M 

= 476.02, SD = 163.53; χ2(1) = 32.87, p < .001; see Figure 4.12). There was also a 

significant Ambiguity x Task interaction (χ2(1) = 16.96, p < .001), which was explored 

further with separate post-hoc models for each Task type (see Table 4.4 and Figure 

4.12).  

 

There was a significant effect of Ambiguity in the Task condition (χ2(1) = 41.47, 

p < .001); however, this effect was not statistically significant in the No-Task condition 

(see Table 4.11 in section A.2.2 at the end of the chapter, and Figure 4.12). There 

was also a marginally significant Ambiguity x Short-term Memory interaction in the 
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Task (χ2(1) = 5.35, p = .021), but not the No-Task condition (see Table 4.11 in section 

A.2.2). However, further pairwise comparisons in the Task condition revealed that the 

effect of Short-term Memory was not statistically significant in either the Ambiguous 

(p = .255) or the Unambiguous trials (p = .995; see Table 4.12 in section A.2.2 at the 

end of the chapter). 

 

Additionally, the main model revealed a significant Ambiguity x Short-Term 

Memory interaction (χ2(1) = 7.15, p = .008; see Table 4.9 in section A.2.2 at the end 

of the chapter). In the Ambiguous trials, there were no statistically significant main 

effects or interactions of Task, Vocabulary, or Short-term Memory. Although main 

effects of Vocabulary and Short-term Memory as well as their interactions were also 

not statistically significant for Unambiguous trials, there was a significant main effect 

of Task (χ2(1) = 9.52, p = .002), suggesting faster reading times for Unambiguous 

sentences in the Task compared to the No-Task condition (see Table 4.13 in section 

A.2.2 at the end of the chapter, Table 4.4, and Figure 4.12).  

 

Figure 4.12 Reading times in the Spill-over region. Raincloud plot (Allen et al., 2019) shows 
median and interquartile range in the boxplot element, probability density in the split violin 
element, and distribution of reading times for Ambiguous and Unambiguous trials, in the No-
Task and the Task condition. 
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3.2.4 Wrap-up region 

 

Reading times for the final sentence region in Ambiguous sentences (M = 535.12, SD 

= 228.77) were significantly longer than reading times for Unambiguous sentences 

(M = 507.04, SD = 211.44; χ2(1) = 31.9, p < .001; see Figure 4.13). There was also a 

significant main effect of Task (χ2(1) = 4.95, p = .026), suggesting that reading times 

were longer in the Task (M = 531.51, SD = 231.23) compared to the No-Task condition 

(M = 510.61, SD = 209.19). These main effects were qualified by a significant Task x 

Vocabulary interaction (χ2(1) = 4.09, p = .043), which was explored further with post-

hoc analyses (see Figure 4.14).  

 

Both the Task and No-Task condition revealed significant main effects of 

Ambiguity (χ2(1) = 25.85, p < .001; χ2(1) = 13.06, p < .001; see Table 4.14 in section 

A.2.2 at the end of the chapter). Additionally, there was a significant Ambiguity x 

Vocabulary interaction in the No-Task model (χ2(1) = 5.7, p = .017), which was absent 

in the Task model (see Table 4.14 in section A.2.2 at the end of the chapter). For this 

reason, further post-hoc models were run for data from the No-Task condition only. 

Neither the model for the Ambiguous trials nor the model for the Unambiguous trials 

in the No-Task condition revealed a significant effect of Vocabulary on reading times, 

but – as can be seen in Figure 4.14 – the Vocabulary effect was comparatively 

stronger in the Unambiguous trials (β = -0.02, χ2(1) = 2.1, p = .147) than in the 

Ambiguous trials (β = -0.01, χ2(1) = 0.27, p = .605; see Table 4.14 in section A.2.2 at 

the end of the chapter).  
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Figure 4.13 Reading times in the Wrap-up region. Raincloud plot (Allen et al., 2019) shows 
median and interquartile range in the boxplot element, probability density in the split violin 
element, and distribution of reading times for Ambiguous and Unambiguous trials, in the No-
Task and the Task condition. 

 

 

Figure 4.14 Relationship between reading times in the Wrap-up region and Vocabulary 
knowledge. Scatterplots show each participant’s mean reading time for Ambiguous and 
Unambiguous trials; regression line shows 95% confidence interval. 
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4. Discussion 

 

The present study investigated the recovery from misinterpretations during on-line 

sentence processing, and the effects of vocabulary knowledge and task demands on 

reinterpretation-related processing costs. As in previous chapters, robust group-level 

effects of reinterpretation demands were observed. Additionally, the results of 

analyses of reading times suggest significant “garden-path” effects in the Ambiguous 

condition. The present results suggest that the magnitude of these “garden-path” 

effects in the self-paced reading paradigm was not significantly modulated by readers’ 

lexical knowledge, but by their reading goals. 

 

 

The first research question that the present study addressed concerned 

group-level effects of reinterpretation demands. When participants completed a 

Meaning Coherence Judgement task, accuracy rates on semantic garden-path 

sentences that required reinterpretation were significantly lower than accuracy rates 

on Unambiguous control sentences by about 27% on average. The present study 

therefore replicated the “garden-path” effects on comprehension outcomes that were 

observed in Chapters 2 and 3 with a smaller sample of stimuli. As discussed in 

Chapters 2 and 3, these results suggest that readers do not always engage in costly 

reinterpretation processes, and, in a Meaning Coherence Judgement task, are often 

satisfied with a shallow, or good-enough representation of sentence meaning (e.g. 

Christianson et al., 2001; Ferreira & Patson, 2007). In the analysis with the larger 

sample, there was also a significant positive effect of vocabulary knowledge on 

accuracy rates, similar to that observed in the experiment in Chapter 2, which also 

reported data from a more diverse sample of participants compared to Chapter 3. 

However, the Vocabulary effect on accuracy disappeared in the second analysis 
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when Short-term memory was included as a covariate. One explanation for this 

discrepancy between analyses is that the variance in comprehension accuracy that 

was accounted for by the Vocabulary measure in the first analysis was shared with 

Short-term Memory. However, the main effect of the Short-term Memory measure on 

comprehension accuracy was not statistically significant. Alternatively, the second 

analysis with a smaller subset of participants may not have had enough statistical 

power to detect the effect of Vocabulary on accuracy. With the present data, it is 

unfortunately impossible to distinguish between these possibilities.  

 

Group-level effects of reinterpretation were also observed for self-paced 

reading times. Consistent with the predictions of models of ambiguity resolution, 

reading times between Ambiguous and Unambiguous sentences did not differ at the 

Main Noun region, suggesting that an initial resource-saving meaning selection was 

made in favour of the easily accessible dominant meaning of the ambiguous word 

(e.g. Twilley & Dixon, 2000). Similar to the results from the eye-tracking data in 

Chapter 3, reinterpretation-related processing costs were only reliably observed at 

the Spill-over region, and not the Disambiguating region proper. At the Spill-over 

region, Ambiguous sentences were associated with longer reading times than 

Unambiguous sentences, suggesting that readers detected a coherence violation at 

this point (e.g. Ferreira & Henderson, 1991; Frazier & Rayner, 1982). This finding 

indicates that the effect of encountering the disambiguating information “spilled over” 

into the neighbouring sentence region, potentially due to button presses that were not 

in keeping with sentence processing speed. However, there was also a significant 

effect of Ambiguity in the sentence-final Wrap-up region, suggesting that readers 

generally spend longer reading the Ambiguous compared to the Unambiguous 

sentences. These findings are in keeping with the results from the experiments in 

Chapters 2 and 3; the recovery from misinterpretations was found to be a costly 

endeavour, and reinterpretation costs were evident during on-line processing.  
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The present study also addressed the question whether readers’ vocabulary 

knowledge affected their on-line processing of semantic garden-paths. Although at 

the Main Noun region, greater vocabulary knowledge tended to be associated with 

faster reading times for both Ambiguous and Unambiguous sentences, no such main 

effects of Vocabulary were observed for any of the other critical sentence regions. 

There were also no interactions of Vocabulary with either the Ambiguity or the Task 

type factor that were consistently significant across the two sets of analyses. The 

present experiment therefore did not replicate the finding of greater “garden-path” 

effects for readers with greater vocabulary knowledge that was found in the eye-

tracking data in Chapter 3. One explanation for this null result may be that readers’ 

sensitivity to disambiguating information that was observed in Chapter 3 was driven 

by the opportunity for physical re-reading that was offered by the stimulus 

presentation. The self-paced reading paradigm in the present experiment, however, 

did not allow re-reading.  

 

Similar to the present study, James, Fraundorf, Lee, and Watson (2018) found 

that the magnitude of garden-path effects was relatively robust across participants in 

a self-paced reading paradigm; it was not the case that individual participants showed 

consistently greater or consistently smaller ambiguity effects compared to others. It 

may thus tentatively be argued that self-paced reading might not be able to capture 

individual differences in the effects of text characteristics on reading times very well. 

Hedge, Powell, and Sumner (2018) discuss the difficulty of capturing individual 

differences with tasks that were originally designed to study group-level effects. It is 

plausible, for example, to assume that individual differences in reading behaviour 

mainly manifest in re-reading behaviour (which could only be captured using eye-

tracking). Future research is therefore needed to investigate the suitability of the self-

paced reading paradigm for the investigation of individual differences in reading. 
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The third research question concerned the influence of task demands on 

reading behaviour. Main effects of Task type on the Main Noun, Disambiguating, Spill-

over, and Wrap-up regions indicated that generally, participants tended to show faster 

reading times in the Task compared to the No-Task condition. The direction of this 

effect was unexpected, as the “good enough” processing account would predict faster 

reading times when task demands are minimal (e.g. Christianson, 2016; Ferreira & 

Patson, 2007). One explanation for this task effect on reading times is that the No-

Task block was always presented first to participants. This choice was made due to 

concerns about the Meaning Coherence Judgement task instructions and stimulus list 

composition influencing reading behaviour beyond the Task block. However, the fixed 

presentation order may have meant that reading times in the second block of self-

paced reading were generally faster due to a simple practice effect with the paradigm. 

Because of individual variability in reading times, the present study did not use a 

between-subjects design to answer its research questions. However, for future 

research into the effects of task demands on reading times more generally, such a 

design may be better suited than the current within-subject design. 

 

Importantly, the present results also revealed a significant interaction of 

Ambiguity and the Task factor at the Spill-over region, suggesting that the effects of 

reinterpretation demands on reading times in this region depended on task demands. 

Pairwise comparisons revealed that an Ambiguity effect, i.e. a reinterpretation-related 

processing cost or “garden-path” effect, was more pronounced in the Task compared 

to the No-Task condition. Importantly, although the effect was present in the No-Task 

condition but comparatively smaller in magnitude in the larger-sample analyses, the 

effect disappeared entirely in the No-Task condition when readers’ Short-term 

memory was taken into account by the statistical model. This result may suggest that 

a violation to sentence-meaning coherence was detected at this point in the sentence 
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only when the task required it. However, findings of robust Ambiguity effects in the 

Wrap-up region indicate that in both the Task and the No-Task condition, readers did 

eventually engage in reinterpretation.  

 

In summary, the present study replicated previous findings of group-level 

reinterpretation costs to on-line sentence processing. The self-paced reading 

paradigm, however, did not reveal any reliable effects of Vocabulary knowledge on 

reading times. Although readers engaged in reinterpretation of semantic garden-paths 

in the sentence-final region in both the Task and the No-Task condition, there was 

evidence that the presence of an explicit task led to readers detecting coherence 

violations at an earlier point in the sentence. This result thus suggests that readers 

may have adopted a slightly different reading strategy in the two task conditions, with 

a deeper processing strategy allowing for the detection of coherence violations during 

on-line processing being favoured when required by the task. The present results are 

therefore in line with the idea of task-dependent processing, and the “good enough” 

approach to language comprehension.  
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A. Statistical models 

A.1 Analyses of the complete dataset (N = 167) without Short-term 

Memory as a covariate  

A.1.1 Comprehension outcomes 

Table 4.5 Results from logit mixed effect model comparisons for accuracy in the Task 
condition. Fixed effect parameter estimates, standard error (SE), z-values, and Chi-squared 
and p-values from likelihood ratio tests are reported. The maximal model was structured as 
follows: Dependent variable ~ 1 + Ambiguity + Vocabulary + Ambiguity : Vocabulary + (1 + 
Vocabulary | Items) + (1 + Ambiguity | Subjects) 

Model Predictor  β SE z χ2 p   

Accuracy Intercept 2.1 0.18 11.96       

  Ambiguity 2.4 0.16 14.87 212.01 < .001 * 

  Vocabulary 0.26 0.09 3.06 9.52 0.002 * 

  Ambiguity x Vocabulary 0.24 0.13 1.77 3.1 0.078   

                
*Statistically significant at α = .05 

 

A.1.2 On-line processing 

Table 4.6 Results from linear mixed effect model comparisons for reading times in the 
sentence regions-of-interest. Separate models were fitted for each dependent variable. Fixed 
effect parameter estimates, standard error (SE), t-values, and Chi-squared and p-values from 
likelihood ratio tests are reported. The maximal models were structured as follows: Dependent 
variable ~ 1 + Ambiguity + Task + Vocabulary + Ambiguity : Task +  Ambiguity : Vocabulary + 
Task : Vocabulary + Ambiguity : Task : Vocabulary + (1 + Vocabulary | Items) + (1 + Ambiguity 
+ Task + Ambiguity : Task  | Subjects). For Main Noun, Disambiguating, and Spill-over region 
reading times, correlations between random effects were removed from the models due to 
convergence issues. 

Region Predictor  β SE t χ2 p   

Main Noun Intercept 2.64 0.01 267.35       

  Ambiguity 0.001 0.003 0.28 0.08 0.778   

  Task -0.05 0.01 -7.24 45.9 <.001 * 

  Vocabulary -0.02 0.01 -1.93 3.73 0.054 (*) 

  Ambiguity x Vocabulary 0.004 0.003 1.43 2.05 0.153   

  Task  x Vocabulary 0.01 0.01 1.39 1.95 0.163   

  Ambiguity x Task 0.001 0.01 0.24 0.06 0.807   

  Ambiguity x Task x 
Vocabulary 

0.004 0.01 0.72 0.52 0.47   

        

Disambiguating 
information 

Intercept 2.65 0.01 250.05       

 Ambiguity -0.01 0.002 -2.11 4.47 0.035 * 

 Task -0.03 0.01 -4.14 16.48 <.001 * 

 Vocabulary -0.01 0.01 -1.46 2.15 0.142   
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 Ambiguity x Vocabulary -0.001 0.002 -0.49 0.24 0.625   

 Task  x Vocabulary 0.01 0.01 1.44 2.08 0.15   

 Ambiguity x Task -0.0003 0.005 -0.06 0.003 0.954   

        

Spill-over  Intercept 2.67 0.01 270.17       

  Ambiguity -0.02 0.002 -8.17 56.45 <.001 * 

  Task -0.01 0.01 -2.18 4.73 0.03 * 

  Vocabulary -0.01 0.01 -1.04 1.09 0.296   

  Ambiguity x Vocabulary -0.002 0.002 -0.77 0.6 0.439   

  Task  x Vocabulary 0.01 0.01 0.85 0.74 0.391   

  Ambiguity x Task -0.02 0.01 -4.24 17.26 <.001 * 

  Ambiguity x Task x 
Vocabulary 

0.01 0.01 1.65 2.74 0.098   

        

Wrap-up Intercept 2.69 0.01 251.86       

  Ambiguity -0.02 0.003 -7.15 45.26 <.001 * 

  Task 0.02 0.01 2.42 5.84 0.016 * 

  Vocabulary 0.001 0.01 0.12 0.01 0.905   

  Ambiguity x Vocabulary -0.01 0.003 -1.71 2.92 0.087   

  Task  x Vocabulary 0.01 0.01 1.81 3.29 0.07 (*) 

  Ambiguity x Task -0.002 0.01 -0.28 0.08 0.781   

  Ambiguity x Task x 
Vocabulary 

-0.001 0.01 -0.16 0.03 0.875   

        

 *Statistically significant at α = .05 

 

Table 4.7 Pairwise comparisons in the Spill-over region. Separate models were fitted for each 
condition. Fixed effect parameter estimates, standard error (SE), t-values, and Chi-squared 
and p-values from likelihood ratio tests are reported. The maximal models were structured as 
follows: Dependent variable ~ 1 + Ambiguity + Vocabulary + Ambiguity : Vocabulary + (1 + 
Vocabulary | Items) + (1 + Ambiguity | Subjects) 

Condition Predictor  β SE t χ2 p   

No Task Intercept 2.68 0.01 266.36    

  Ambiguity -0.01 0.003 -2.6 6.68 0.01 * 

  Vocabulary -0.01 0.01 -1.16 1.36 0.243   

  Ambiguity x Vocabulary -0.01 0.003 -1.6 2.57 0.109   

        

Task Intercept 2.67 0.01 250.79       

  Ambiguity -0.03 0.003 -8.82 63.41 <.001 * 

  Vocabulary -0.01 0.01 -0.71 0.51 0.476   

  Ambiguity x Vocabulary 0.001 0.003 0.42 0.18 0.675   

        

*Statistically significant at Bonferroni-corrected α = .0025 
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A.2 Analyses of a subset of the sample (N = 94) with Short-term 

Memory as a covariate  

A.2.1 Comprehension outcomes 

Table 4.8 Results from logit mixed effect model comparisons for accuracy in the Task 
condition. Fixed effect parameter estimates, standard error (SE), z-values, and Chi-squared 
and p-values from likelihood ratio tests are reported. The maximal model was structured as 
follows: Dependent variable ~ 1 + Ambiguity + Vocabulary + Short-term Memory + Ambiguity 
: Vocabulary + Ambiguity : Short-term Memory + (1 | Items) + (0 + Vocabulary | Items) + (0 + 
Short-term Memory | Items) + (1 | Subjects) + (0 + Ambiguity | Subjects). Correlations between 
random effects were removed from the model due to convergence issues. 

Model Predictor  β SE z χ2 p   

Accuracy Intercept 2.27 0.2 11.25       

  Ambiguity 2.53 0.19 13.25 121.55 < .001 * 

  Vocabulary 0.19 0.11 1.74 3.06 0.08   

  Short-term Memory 0.04 0.11 0.34 0.11 0.737   

  Ambiguity x Vocabulary 0.17 0.18 0.95 0.91 0.339   

  Ambiguity x Short-term 
Memory 

-0.07 0.18 -0.37 0.14 0.709   

          
 

    
*Statistically significant at α = .05  

 

A.2.2 On-line processing 

Table 4.9 Results from linear mixed effect model comparisons for reading times in the 
sentence regions-of-interest. Separate models were fitted for each dependent variable. Fixed 
effect parameter estimates, standard error (SE), t-values, and Chi-squared and p-values from 
likelihood ratio tests are reported. The maximal models were structured as follows: Dependent 
variable ~ 1 + Ambiguity + Task + Vocabulary + Short-term Memory + Ambiguity : Task +  
Ambiguity : Vocabulary + Ambiguity : Short-term Memory + Task : Vocabulary + Task : Short-
term Memory + Ambiguity : Task : Vocabulary + Ambiguity : Task : Short-term Memory + (1 + 
Vocabulary + Short-term Memory | Items) + (1 + Ambiguity + Task + Ambiguity : Task  | 
Subjects). For Main Noun, Disambiguating, and Spill-over region reading times, correlations 
between random effects were removed from the models due to convergence issues. 

Region Predictor  β SE t χ2 p   

Main Noun Intercept 2.63 0.01 222.91     

  Ambiguity 0.004 0.003 1.37 1.87 0.171   

  Task -0.04 0.01 -4.95 22.29 <.001 * 

  Vocabulary -0.03 0.01 -2.38 5.67 0.017 * 

  Short-term Memory -0.002 0.01 -0.19 0.04 0.849   

  Ambiguity x Vocabulary 0.001 0.003 0.15 0.02 0.88   

  Ambiguity x Short-term 
Memory 

0.002 0.003 0.47 0.22 0.638   

  Task  x Vocabulary 0.01 0.01 1.03 1.1 0.295   

 Task x Short-term Memory 0.01 0.01 0.79 0.64 0.424   

 Ambiguity x Task 0.01 0.01 1 1 0.318   

 Ambiguity x Task x 
Vocabulary 

0.01 0.01 1.41 1.99 0.158   
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 Ambiguity x Task x Short-
term Memory 

-0.01 0.01 -0.98 0.96 0.328   

        

Disambiguating 
information 

Intercept -2.65 0.01 210.58     

 Ambiguity -0.01 0.003 -1.79 3.25 0.071 (*) 

 Task -0.02 0.01 -2.84 8.02 0.005 * 

 Vocabulary -0.02 0.01 -1.86 3.5 0.061 (*) 

 Short-term Memory -0.003 0.01 -0.27 0.08 0.781   

 Ambiguity x Vocabulary -0.002 0.003 -0.53 0.29 0.591   

 Ambiguity x Short-term 
Memory 

0.004 0.003 1.19 1.45 0.229   

 Task  x Vocabulary 0.01 0.01 1.91 3.7 0.054 (*) 

 Task x Short-term Memory -0.002 0.01 -0.29 0.09 0.765   

 Ambiguity x Task -0.01 0.01 -0.99 0.98 0.322   

 Ambiguity x Task x 
Vocabulary 

0.01 0.01 1.24 1.53 0.217   

 Ambiguity x Task x Short-
term Memory 

0.001 0.01 0.18 0.03 0.856   

        

Spill-over  Intercept 2.67 0.01 238.05     

  Ambiguity -0.019 0.003 -6.17 32.87 <.001 * 

  Task -0.011 0.01 -1.67 2.82 0.093   

  Vocabulary -0.014 0.01 -1.51 2.31 0.128   

  Short-term Memory -0.05 0.01 -0.53 0.29 0.592   

  Ambiguity x Vocabulary -0.001 0.003 -0.17 0.03 0.866   

  Ambiguity x Short-term 
Memory 

0.01 0.003 2.69 7.15 0.008 * 

  Task  x Vocabulary 0.01 0.01 1.11 1.27 0.26   

 Task x Short-term Memory -0.00004 0.01 -0.01 0 0.995   

 Ambiguity x Task -0.02 0.01 -4.25 16.96 <.001 * 

 Ambiguity x Task x 
Vocabulary 

0.01 0.01 1.34 1.83 0.175   

 Ambiguity x Task x Short-
term Memory 

0.004 0.01 0.63 0.404 0.525   

        

Wrap-up Intercept 2.69 0.01 206.99     

  Ambiguity -0.02 0.004 -6.06 31.9 <.001 * 

  Task 0.02 0.01 2.22 4.95 0.026 * 

  Vocabulary -0.004 0.01 -0.33 0.11 0.737   

  Short-term Memory -0.002 0.01 -0.19 0.04 0.851   

  Ambiguity x Vocabulary -0.01 0.004 -1.52 2.35 0.126   

  Ambiguity x Short-term 
Memory 

0.004 0.004 0.94 0.91 0.341   

  Task  x Vocabulary 0.02 0.01 2.01 4.09 0.043 * 

 Task x Short-term Memory 0.01 0.01 0.58 0.35 0.557   

 Ambiguity x Task -0.01 0.01 -1.56 2.44 0.118   

 Ambiguity x Task x 
Vocabulary 

0.01 0.01 1.39 1.96 0.162 
  

 Ambiguity x Task x Short-
term Memory 

-0.01 0.01 -0.8 0.64 0.424 
  

        

 *Statistically significant at α = .05 
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Table 4.10 Pairwise comparisons in the Disambiguating region. Separate models were fitted 
for each condition. Fixed effect parameter estimates, standard error (SE), t-values, and Chi-
squared and p-values from likelihood ratio tests are reported. The maximal models were 
structured as follows: Dependent variable ~ 1 + Ambiguity + Vocabulary + Short-term Memory 
+ Ambiguity : Vocabulary + Ambiguity : Short-term Memory  + (1 | Items) + (0 + Vocabulary | 
Items) + (0 + Short-term Memory | Items) + (1 | Subjects)  + (0 + Ambiguity | Subjects). 
Correlations between random effects were removed from the model due to convergence 
issues. 

Condition Predictor  β SE t χ2 p   

No Task Intercept 2.66 0.01 201.94    
 Ambiguity -0.003 0.004 -0.66 0.43 0.51   
 Vocabulary -0.03 0.01 -2.3 5.32 0.021 * 
 Short-term Memory -0.002 0.01 -0.17 0.03 0.863   
 Ambiguity x Vocabulary -0.01 0.004 -1.25 1.57 0.211   
 Ambiguity x Short-term 

Memory 0.003 0.004 0.73 0.53 0.465   
        
Task Intercept 2.64 0.01 199.37       
 Ambiguity -0.01 0.01 -1.78 3.21 0.073  
 Vocabulary -0.01 0.01 -1.19 1.44 0.231   
 Short-term Memory -0.004 0.01 -0.36 0.14 0.712   
 Ambiguity x Vocabulary 0.001 0.005 0.38 0.14 0.705   
 Ambiguity x Short-term 

Memory 0.004 0.005 0.88 0.8 0.371   
 

*Statistically significant at Bonferroni-corrected α = .0025 

 

Table 4.11 Pairwise comparisons in the Spill-over region. Separate models were fitted for each 
condition. Fixed effect parameter estimates, standard error (SE), t-values, and Chi-squared 
and p-values from likelihood ratio tests are reported. The maximal models were structured as 
follows: Dependent variable ~ 1 + Ambiguity + Vocabulary + Short-term Memory + Ambiguity 
: Vocabulary + Ambiguity : Short-term Memory  + (1 + Vocabulary + Short-term Memory | 
Items) + (1 + Ambiguity | Subjects) 

Condition Predictor  β SE t χ2 p   

No Task Intercept 2.67 0.01 224.63    
  Ambiguity -0.01 0.004 -1.65 2.72 0.099   
  Vocabulary -0.02 0.01 -1.66 2.79 0.095   
  Short-term Memory -0.01 0.01 -0.42 0.19 0.667   
 Ambiguity x Vocabulary -0.004 0.004 -0.95 0.9 0.344   

 Ambiguity x Short-term 
Memory 0.01 0.004 1.43 2.05 0.152   

 
       

Task Intercept 2.67 0.01 228.25       
  Ambiguity -0.03 0.004 -7.23 41.47 <.001 * 
  Vocabulary -0.01 0.01 -1.2 1.42 0.234   
  Short-term Memory -0.01 0.01 -0.61 0.38 0.539   
 Ambiguity x Vocabulary 0.003 0.004 -0.64 0.41 0.521   

 Ambiguity x Short-term 
Memory 0.01 0.004 2.36 5.35 0.021 * 

        

*Statistically significant at Bonferroni-corrected α = .0025 
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Table 4.12 Pairwise comparisons for the Task condition in the Spill-over region. Separate 
models were fitted for each condition. Fixed effect parameter estimates, standard error (SE), 
t-values, and Chi-squared and p-values from likelihood ratio tests are reported. The maximal 
models were structured as follows: Dependent variable ~ 1 + Vocabulary + Short-term Memory 
+ (1 + Vocabulary + Short-term Memory | Items) + (1 | Subjects) 

Condition Predictor  β SE t χ2 p  

Ambiguous 
trials 

Intercept 2.68 0.01 223.26     
  

 Vocabulary -0.01 0.01 -1.24 1.56 0.212   

 Short-term Memory -0.01 0.01 -1.13 1.3 0.255   

        

Unambiguous 
trials 

Intercept 2.65 0.01 229.68     
  

 Vocabulary -0.01 0.01 -0.93 0.89 0.347   

 Short-term Memory -0.0001 0.01 -0.01 0 0.995   

 

 

Table 4.13 Pairwise comparisons for Ambiguous and Unambiguous trials in the Spill-over 
region. Separate models were fitted for each condition. Fixed effect parameter estimates, 
standard error (SE), t-values, and Chi-squared and p-values from likelihood ratio tests are 
reported. The maximal models were structured as follows: Dependent variable ~ 1 + Task + 
Vocabulary + Short-term Memory + Task : Vocabulary + Task : Short-term Memory + (1 + 
Vocabulary + Short-term Memory | Items) + (1 + Task | Subjects) 

Condition Predictor  β SE t χ2 p  

Ambiguous 
trials 

Intercept 2.68 0.01 233.62 
   

 Task 0.001 0.01 0.07 0.01 0.945   

 Vocabulary -0.01 0.01 -1.43 2.09 0.149   

 Short-term Memory -0.01 0.01 -0.98 0.99 0.32   

 Task  x Vocabulary 0.003 0.01 0.45 0.21 0.646   

 Task x Short-term 
Memory 

-0.002 0.01 -0.3 0.09 0.763 
  

        

Unambiguous 
trials 

Intercept 2.66 0.01 244.6     
  

 Task -0.02 0.01 -3.12 9.52 0.002   

 Vocabulary -0.01 0.01 -1.54 2.42 0.12   

 Short-term Memory -0.001 0.01 -0.09 0.01 0.925   

 Task  x Vocabulary 0.01 0.01 1.61 2.63 0.105   

 Task x Short-term 
Memory 

0.002 0.01 0.25 0.06 0.803 
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Table 4.14 Pairwise comparisons in the Wrap-up region. Separate models were fitted for each 
condition. Fixed effect parameter estimates, standard error (SE), t-values, and Chi-squared 
and p-values from likelihood ratio tests are reported. The maximal models were structured as 
follows: Dependent variable ~ 1 + Ambiguity + Vocabulary + Short-term Memory + Ambiguity 
: Vocabulary + Ambiguity : Short-term Memory  + (1 + Vocabulary + Short-term Memory | 
Items) + (1 + Ambiguity | Subjects) 

Condition Predictor  β SE t χ2 p  

No Task Intercept 2.68 0.01 200.53    

  Ambiguity -0.02 0.01 -3.62 13.06 <.001 * 

  Vocabulary -0.01 0.01 0.99 1.01 0.316   

  Short-term Memory -0.01 0.01 0.38 0.15 0.699   

 Ambiguity x Vocabulary -0.01 0.01 -2.39 5.7 0.017 * 

 Ambiguity x Short-term 
Memory 

0.01 0.01 1.51 2.29 0.131 
  

        

Task Intercept 2.7 0.01 196.71       

  Ambiguity -0.03 0.01 -5.48 25.85 <.001 * 

  Vocabulary 0.004 0.01 0.35 0.12 0.729   

  Short-term Memory 0.0001 0.01 0.01 0.0001 0.991   

 Ambiguity x Vocabulary -0.0004 0.01 -0.07 0.005 0.945   

 Ambiguity x Short-term 
Memory 

0.002 0.01 0.33 0.11 0.739 
  

        

*Statistically significant at Bonferroni-corrected α = .0025 

 

Table 4.15 Pairwise comparisons in the No-Task condition in the Wrap-up region. Separate 
models were fitted for each condition. Fixed effect parameter estimates, standard error (SE), 
t-values, and Chi-squared and p-values from likelihood ratio tests are reported. The maximal 
models were structured as follows: Dependent variable ~ 1 + Vocabulary + Short-term Memory 
+ (1 + Vocabulary + Short-term Memory | Items) + (1 | Subjects) 

Condition Predictor  β SE t χ2 p  

Ambiguous trials Intercept 2.69 0.01 196.52    

 Vocabulary -0.01 0.01 -0.51 0.27 0.605   

 Short-term Memory -0.01 0.01 -0.75 0.58 0.447   

        

Unambiguous 
trials 

Intercept 2.67 0.01 202.54      

 Vocabulary -0.02 0.01 -1.44 2.1 0.147  

 Short-term Memory -0.001 0.01 -0.07 0.01 0.943  
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1. Introduction 

 

Sentences that require the resolution of linguistic ambiguity have previously been 

associated with processing costs at the behavioural level, reflecting cognitively 

effortful suppression of the dominant yet contextually inappropriate meaning, (re-) 

activation of the subordinate meaning, and reinterpretation processes (Duffy et al., 

1988; Rodd, Johnsrude, et al., 2010; Twilley & Dixon, 2000). Such processing costs 

have been reported for both spoken and written sentences. For example, Rodd, 

Johnsrude, and Davis (2010) found that the presence of multiple ambiguous words in 

a spoken sentence adversely affects performance on a concurrent but unrelated task. 

Functional magnetic resonance imaging (fMRI) studies revealed that compared to the 

comprehension of unambiguous sentences, processing sentences containing 

ambiguous words is associated with additional neural activation in the fronto-temporal 

language network, in particular a region within the left frontal lobe, the inferior frontal 

gyrus (IFG; Rodd, Johnsrude, & Davis, 2012; Rodd, Davis, & Johnsrude, 2005; Vitello 

& Rodd, 2015). Similar to the processing costs reported for the auditory modality, eye-

tracking evidence suggests that readers fixate longer on disambiguating information 

in ambiguous sentences compared to corresponding sections in unambiguous 

sentences (Duffy et al., 1988; Kambe et al., 2001). Neuroimaging studies have also 

found that ambiguity resolution during reading engages frontal brain regions – in 

particular left IFG – more than reading unambiguous control sentences (see 

illustration in Figure 5.1; Mason & Just, 2007; Zempleni, Renken, Hoeks, Hoogduin, 

& Stowe, 2007). 
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Figure 5.1 Illustration of relevant brain regions. The figure shows the left inferior frontal gyrus 
(IFG), including its sub-regions Brodmann Area 47 (anterior, covering an area including p. 
orbitalis) and Brodmann Area 45 (more posterior, covering an area including p.triangularis). 
Image credit: Gray (2010). 

 

A tacit assumption underlying much of the neuroimaging and behavioural 

literature on language comprehension is that higher-level language processing, such 

as the detection of interpretation errors and reinterpretation processes, operates in 

the same manner for listening to speech and for reading written language. Indeed, 

much of the psycho- and neurolinguistic literature assumes the existence of a 

processing hierarchy from low-level, unimodal sensory input systems up to a common 

amodal conceptual-semantic system, which is engaged in sentence processing 

irrespective of input modality (Binder, Desai, Graves, & Conant, 2009; Hickok & 

Poeppel, 2004; Mesulam, 1998). While on lower sensory levels, auditory and visual 

inputs are dealt with by functionally and anatomically distinct modality-specific brain 

regions, higher-level language processes are assumed to rely on a shared, modality-

independent language processing network (Hickok & Poeppel, 2004; Mesulam, 

1998).  

 

As discussed above, the brain regions involved in ambiguity resolution are 

similar across reading and listening. There is also evidence suggesting that the 
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comprehension of auditory and visual language is tightly linked even in adult readers 

(e.g. Gernsbacher et al., 1990). Based on the assumption that extracting meaning 

from a spoken and written utterance engages the same cognitive and neural 

processes, most neuroimaging studies investigating semantic aspects of sentence 

processing have presented stimuli either in the auditory modality only (e.g. Crinion, 

Lambon-Ralph, Warburton, Howard, & Wise, 2003; Rodd et al., 2012; Rodd et al., 

2005; Rodd, Johnsrude, et al., 2010; Rodd, Longe, Randall, & Tyler, 2010; Vitello et 

al., 2014), or in the visual modality only (e.g. Fedorenko et al., 2011; Zhu et al., 2012). 

Similarly, much behavioural work on higher-level language processing has been 

conducted either on auditory stimuli, or on written sentences, under the assumption 

that conclusions from either presentation modality apply to language processing more 

generally.  

 

Although the goal for listeners and readers alike is understanding the message 

they are receiving, there are fundamental differences between the spoken and written 

modality. Learning how to break down the speech signal into individual words, and to 

comprehend spoken sentences precedes the acquisition of reading comprehension 

skills in hearing children. Furthermore, learning to read requires intensive and explicit 

instruction. In fact, models of learning to read assume an explicit role for listening 

comprehension in bootstrapping reading skills (Hoover & Gough, 1990), and research 

on the neural correlates of reading comprehension seem to suggest that the ability to 

understand written language maps onto existing brain structures for understanding 

spoken language (e.g. Horowitz & Samuels, 1985; Michael, Keller, Carpenter, & Just, 

2001). However, the auditory and visual modality differ in terms of the processing 

demands that they pose for the language comprehension system.  

 

During speech comprehension, listeners need to be able to keep up with a 

transient signal without being able to control the rate of input themselves. In contrast, 
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written words remain visually available, and readers can control their processing rate 

themselves. The fact that the input remains available may be an important part of 

natural reading, as it can alleviate demands on working memory systems: the physical 

presentation of the sentence itself can be used as an “external buffer” (Lee & 

Newman, 2009, pp. 75). Natural reading allows readers to “backtrack” by making left-

ward saccades to earlier parts of a sentence, which can aid in resolving 

comprehension difficulties (Frazier & Rayner, 1982; Meseguer, Carreiras, & Clifton, 

2002; Rayner & McConkie, 1976). In addition, the visual word recognition system has 

access not only to words that are directly fixated but also to those in the area around 

the fovea (Balota, Pollatsek, & Rayner, 1985). Making this parafoveal information 

unavailable to readers by, for example, occluding the subsequent word, slows down 

reading speed, indicating that parafoveal preview is a facilitatory processing 

mechanism during natural reading (Rayner, Well, Pollatsek, & Bertera, 1982). 

Similarly, restricting the availability of previous sentence content can negatively affect 

sentence comprehension during reading (Schotter et al., 2014; White, Lantz, & 

Paterson, 2017).  

 

On the other hand, the transient nature of spoken language has advantages 

for researchers trying to investigate cognitive and neural processes related to specific 

parts of a sentence. Speech allows for relatively straight-forward time-locking of 

neural events to events in the input such as particular words or phrases, which is 

much more difficult to achieve with natural visual presentation where the written 

sentence is presented as a whole at once, and where reading speed is subject to 

inter-individual variability. Because of this disadvantage with naturalistic visual 

presentation, researchers have used visual presentation techniques that make it 

possible to control readers’ processing rate, e.g. phrase-by-phrase or word-by-word 

presentation (e.g. Fedorenko et al., 2011; Hoenig & Scheef, 2009; Zhu et al., 2012). 
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One popular presentation technique is rapid serial visual presentation (RSVP), 

where the words that make up a sentence are presented individually in quick 

succession, and reader eye movements are eliminated. Similar to speech processing, 

the input in RSVP is transient (each word is replaced by the following word), the rate 

of input is not under control by the comprehender, and neural events can be time-

locked to individual words within a sentence. RSVP has been used in neuroimaging 

studies of high-level language processing under the assumption that although visual 

properties, and thus low-level processing, may be different from natural reading, high-

level comprehension processes remain the same. However, processing sentences in 

RSVP format is highly artificial, and, to most participants in research studies, this 

presentation format will be unfamiliar.  

 

There is also some evidence that the RSVP format has negative effects on 

sentence comprehension compared to natural, whole-sentence reading. For example, 

Masson (1983) found that comprehension scores were better when readers skimmed 

a text presented as whole sentences compared to reading the same text in RSVP. 

Worse comprehension for RSVP compared to whole sentence presentation was also 

reported by Waters and Caplan (1996b). More recently, Wlotko and Federmeier 

(2015) found that when RSVP sentences were presented at a faster rate (250 ms per 

word), predictive processing during reading was less likely than with a slower rate 

(500 ms per word), indicative of a processing disadvantage that comes with rapid 

serial presentation of sentences. In a study on the recovery from syntactic analysis 

errors, Christianson and colleagues (2001) also report numerically lower accuracy 

rates on comprehension questions by approximately 10%  when sentences had been 

presented in RSVP compared to a whole-sentence visual format. Schotter, Tran, and 

Rayner (2014) manipulated visually presented sentences such that, as in RSVP, 

previous parts of the sentence could not be revisited using eye movements. They 
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found that sentence comprehension under these conditions was worse than when 

readers were able to read the sentences presented as a whole.  

 

As Masson (1983) suggests, poor comprehension in RSVP may be due to a 

failure or slow-down of processes that bind individual word meanings together to form 

a composite sentence meaning – perhaps a consequence of the lack of availability of 

parafoveal preview or absence of a physical stimulus acting as an externalised 

working memory buffer. Effects of sentence wrap-up, or integration processes at the 

end of a sentence, could thus be exacerbated in RSVP reading, where processing 

can only ever integrate word n with words that have occurred prior to n. The effects 

of the processing demands associated with RSVP on higher-level semantic 

processes to do with sentence-level integration may be particularly obvious for 

sentences that require the resolution of processing difficulties. For sentences like “The 

article reported that the plant had been very difficult to build”, “garden-path” effects 

may be exaggerated in the RSVP format. As discussed in previous chapters, it is 

assumed that readers initially select the dominant “botanical organism” of “plant” 

when they first encounter the word. The RSVP format may encourage the construction 

of coherent local structures (e.g. the article was about a botanical organism); however, 

due to the high demands on working memory in this presentation format, readers may 

neglect to correct these local structures in favour of global meanings (the plant, i.e. 

“factory”, was built). In line with this idea, Lee and Newman (2009) reported that 

accuracy rates of comprehension questions were more adversely affected by 

syntactic complexity when the sentences were presented in RSVP compared to 

sentences presented in a natural, whole-sentence visual format.  

 

As RSVP is widely used in neuroimaging, it is important for researchers to 

understand how this presentation format affects complex comprehension processes 

such as those involved in ambiguity resolution, and the recovery from 
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misinterpretations. This question is of particular interest because neural activity in one 

of the key regions involved in higher-level language processing, IFG, has also been 

found to be susceptible to modulation by task demands. Left IFG (also known as 

Broca’s area) is considered part of the supramodal language network (Braze et al., 

2011; Mesulam, 1998). Consistent with this idea, the area has been found to be 

involved in the processing of single words, presented either in the auditory or visual 

modality, during performance of lexical tasks (Booth et al., 2002; Chee, O’Craven, 

Bergida, Rosen, & Savoy, 1999; Marinkovic et al., 2003). However, left IFG activation 

during sentence processing has not always been found.  

 

This inconsistency in the literature could be explained by the use of different 

presentation formats. For example, Crinion and colleagues (2003) reported only sub-

threshold activity in a posterior subregion of left IFG, Brodmann Area (BA) 44, for 

spoken narrative comprehension. Similarly, in a direct comparison of narrative 

comprehension in listening and whole-text reading, Spitsyna, Warren, Scott, 

Turkheimer, and Wise (2006) found significant overlap across presentation formats in 

the temporal lobe, but not frontal brain regions. Other studies also suggest that left 

IFG activation is dependent on the characteristics of the language stimuli, and the 

format in which they are presented. For example, Cooke and colleagues (2002) only 

found anterior left IFG (BA 47) activation in response to RSVP sentences that were 

linguistically complex, and posed additional demands on short-term memory due to 

their length; no such activation in left IFG was found for a comparison of sentences 

with high compared to low short-term memory demands, or for a comparison of 

complex and simple syntactic structures alone, suggesting that activity in BA 47 was 

driven by an interaction of short-term memory demands and linguistic complexity. 

Similarly, Keller, Carpenter, and Just (2001) reported particularly strong activation in 

left IFG for written sentences (presented in natural whole-sentence reading format) 

that were syntactically complex and additionally contained low-frequency nouns.  
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The evidence therefore suggests that left IFG activation may depend on 

stimulus processing demands (see e.g. Friederici, 2012, and Grodzinsky, 2000, for 

arguments that the region is responsible for domain-specific phonological or syntactic 

working memory processes). Other research outside of the domain of language has 

found that activation in BA 44 and 45 is modulated by working memory and task 

demands, or responsive to the demands associated with selection from competing 

alternatives, suggesting a domain-general role for left IFG (Bookheimer, 2002; Curtis 

& D’Esposito, 2003; Kaan & Swaab, 2003; Nozari & Thompson-Schill, 2016; Postle, 

2006; Thompson-Schill, D’Esposito, Aguirre, & Farah, 1997). BA 47 specifically has 

been associated with non-automatic control of access to conceptual representations 

(Badre & Wagner, 2007; Binder et al., 2009; Petrides, 2006). Some researchers have 

suggested that such controlled semantic retrieval is initiated only when bottom-up, 

automatic retrieval of information is impeded or insufficient (Badre & Wagner, 2007), 

while others have assigned anterior left IFG a role in standard linguistic “unification” 

or integration processes (Hagoort, 2005).  

 

Although the functions of left IFG sub-regions remain a controversial topic, the 

region’s involvement in top-down control of processing and working memory opens 

up the possibility that previous findings of left IFG activation in response to RSVP 

stimuli could have conflated higher-level language-related activation with activation 

related specifically to the processing demands of the presentation format. Although 

left IFG has been implicated in sentence-level ambiguity resolution in both the visual 

and the auditory modality, it is unclear whether different format-specific processing 

demands could modulate such ambiguity-related activations (Vitello & Rodd, 2015). 

 

Direct behavioural comparisons of language processing in the auditory and 

the RSVP presentation formats have found mixed results. While performance in 
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semantic category detection tasks seems to be better in RSVP than in listening (Braze 

et al., 2011; Shankweiler et al., 2008), adults seem to be able to provide equally 

adequate summaries of narratives presented in either format (Regev, Honey, Simony, 

& Hasson, 2013), and to answer comprehension questions about sentences in RSVP 

and listening equally well (Buchweitz, Mason, Tomitch, & Just, 2009). Although 

intelligibility ratings of sentences were comparable in RSVP and listening overall, 

Vagharchakian, Dehaene-Lambertz, Pallier, and Dehaene (2012) found that faster 

presentation rates disproportionately affected intelligibility in the RSVP condition. 

Behavioural evidence therefore suggests that comprehension outcomes in RSVP and 

listening can be similar if the presentation rate is adequate, and readers can rely on 

gist representations of sentences, while the detection of individual elements (e.g. 

words that refer to semantic categories) is made easier by a presentation that makes 

a clear distinction between words in a sentence. Although the majority of 

neuroimaging studies comparing RSVP (or phrase-by-phrase visual presentation) to 

listening comprehension have found that sentences in both presentation formats 

engage left IFG to a similar extent (Braze et al., 2011; Buchweitz et al., 2009; 

Constable et al., 2004; Homae, 2002; Regev et al., 2013; Shankweiler et al., 2008; 

Vagharchakian et al., 2012), there is also some evidence to suggest that activation of 

subregions within left IFG may be susceptible to modulations by processing demands. 

Some studies have reported greater activation for RSVP or phrase-by-phrase reading 

than for listening in dorsal BA 45 and IFG-adjacent BA 46, respectively (Constable et 

al., 2004; Regev et al., 2013). The opposite finding of greater activation for listening 

than for RSVP has been reported in BA 44 (Constable et al., 2004). These findings 

suggest either a degree of modality-specificity within subregions of left IFG, or an 

RSVP-related modulation of activation in subregions of left IFG associated with 

working memory processes.   
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In the adult language processing literature, direct comparisons of listening 

comprehension to whole-sentence reading comprehension are rare. Diakidoy, 

Stylianou, Karefillidou, and Papageorgiou (2005) argue that (Cypriot) children have 

developed equal skill in reading comprehension as in listening comprehension by 

school year 4 (note that the authors do not specify the children’s ages). Consistent 

with the assumption of equivalence in listening and reading comprehension by the 

later school years, neuroimaging studies with adults suggest that activation in BA 45 

and 47 are similar in response to listening and whole-sentence reading (Carpentier et 

al., 2001; Jobard, Vigneau, Mazoyer, & Tzourio-Mazoyer, 2007; Lindenberg & Scheef, 

2007; Michael et al., 2001). However, Carpentier and colleagues (2001) report greater 

activation in BA 44 for whole-sentence reading than for listening. Conversely, Michael 

and colleagues (2001) found that BA 45 seemed to be more active during listening 

than whole-sentence reading. These findings seem to be at odds with the findings 

from comparisons of speech and print using the RSVP modality. However, the 

apparent discrepancy may be explained by the similarities that exist between listening 

and RSVP language processing; namely, the transient nature of the input and 

associated short-term and working memory demands.  

 

To my knowledge only a single fMRI study so far has directly compared 

complex language processing in RSVP to whole-sentence reading. Lee and Newman 

(2009) reported similar response times for delayed true/false comprehension probes 

to sentences presented in whole-sentence format and in RSVP. However, an 

interaction of presentation modality and syntactic complexity suggested that the 

accuracy of comprehension questions in response to RSVP sentences was affected 

more negatively by syntactic complexity than sentences presented in a more natural 

whole-sentence presentation format. They also reported an interaction in 

haemodynamic responses in left IFG; the neural data revealed a greater complexity 

effect in the whole-sentence compared to the RSVP condition. Lee and Newman 
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(2009) argued that the interaction was driven by the comparatively greater activation 

in left IFG during RSVP reading not only for the complex but also for the simpler 

sentences.  

 

Together, these findings seem to suggest that although there are 

commonalities between the three presentation formats (listening, whole-sentence 

reading, and RSVP), behavioural measures and haemodynamic responses in left IFG 

may be modulated by language complexity in different ways, depending on the format 

used for sentence presentation. So far, there have been no direct comparisons of all 

three presentation formats. A key question for the field, however, is whether it matters 

how researchers present their stimuli to participants.  

 

The aim of the present study was to compare the neural and behavioural 

effects associated with the recovery from misinterpretations during listening, whole-

sentence reading, and RSVP reading. For this purpose, Experiment 1 used a standard 

neuroimaging paradigm, and compared neural activation in left IFG in response to 

sentences that required semantic ambiguity resolution to Unambiguous control 

sentences. In order to avoid modulation of responses in frontal lobe regions by the 

demands of a specific comprehension task, participants were asked to read silently 

and listen to the sentences without having to perform an overt task in the MRI scanner 

(Wright, Randall, Marslen-Wilson, & Tyler, 2011). In Experiment 2, a Meaning 

Coherence Judgement task was used to investigate the behavioural processing costs 

associated with the recovery from misinterpretations in listening, whole-sentence 

reading, and RSVP reading. Participants were presented with Ambiguous and 

matched Unambiguous sentences, and additionally encountered semantically 

anomalous filler sentences. They were instructed to decide whether each sentence 

made sense or was nonsense. The accuracy of a judgement about the critical 

Ambiguous sentences indexed whether the participant had successfully resolved the 
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ambiguity. Judgement accuracy and response time on correct trials (i.e. when 

participants had successfully made sense of the sentences) were measured. In both 

experiments, each participant encountered sentences aurally (Listening condition), 

visually as whole sentences (Reading condition), or as RSVP sentences (RSVP 

condition).  

 

As discussed above, the different presentation formats are naturally 

associated with different processing demands. The purpose of the present study was 

not to attempt to keep these processing demands constant across presentation 

formats in order to make a comparison between them; instead, sentences were 

displayed how they are typically presented in psycho- and neurolinguistic 

experiments. The aim was to investigate how different format-specific processing 

demands as they occur typically in listening and reading studies affect higher-order 

cognitive and neural processes during language comprehension. For this purpose, 

sentences were designed to trigger reinterpretation processes sentence-finally (see 

Example (15)). 

 

(15) The article reported that the plant had been very difficult to build. 

 

In line with previous research on processing costs for such semantic garden-

path sentences, participants were expected to show effects of reinterpretation in both 

the neural and the behavioural measures. In Experiment 1, language regions in the 

frontal and temporal cortices were expected to show stronger activation for 

Ambiguous than Unambiguous sentences (e.g. Mason & Just, 2007; Vitello, Warren, 

Devlin, & Rodd, 2014). Specifically, reinterpretation-related processing costs were 

expected to be reflected in additional neural activation in regions within the left IFG. 

In Experiment 2, these processing costs were expected to be reflected in lower 

accuracy of sentence judgements, and slower response times for Ambiguous 
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compared to Unambiguous sentences (e.g. Christianson et al., 2001; Duffy et al., 

1988; Kambe et al., 2001). On top of these “garden-path” effects, the attentional and 

working-memory demands of different presentation formats was expected to interact 

with the demands of sentence reinterpretation. It was predicted that the RSVP format 

would be associated with greater “garden-path” effects (i.e. additional processing 

costs) compared to the other two more natural presentation formats in both the 

neuroimaging and the behavioural experiment, as it was the least familiar language 

processing format, and was associated with particular attentional and working 

memory demands. 

 

2. Experiment 1: Neural processing costs 

 

The aim of Experiment 1 was to investigate the effects of presentation format on brain 

regions that are responsible for high-level semantic processing. Of particular interest 

were the effects of presentation format on left IFG activation, as this brain region has 

previously been identified as a key region involved in the recovery from word meaning 

selection errors during lexical-semantic ambiguity resolution. Ambiguity-related 

haemodynamic responses during spoken sentence processing (Listening condition), 

written whole-sentence sentence processing (Reading condition), and RSVP 

sentence processing (RSVP condition) were directly compared. 

 

2.1 Method 

 

2.1.1 Participants 

 

Participants were recruited from the UCL Sona participant pool. Data from 17 

monolingual native speakers of English (12 female, aged 20–44, M = 24.8, SD = 5.4 
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years) were included in the analyses. They had spent 6 years on average (SD = 1.4, 

range: 2–8 years) in formal education settings after age 16. All participants were self-

reported right-handers, had no hearing or uncorrected visual impairments, nor any 

history of neurological illness or head injury. An additional 5 participants were 

excluded from analyses due to withdrawal of consent, or technical difficulties with data 

collection. Written informed consent was obtained from all participants, and they were 

financially compensated for participation. Ethical approval for this study was obtained 

from the UCL Psychology and Language Sciences Brain Imaging Ethics Chair.  

 

2.1.2 Materials 

 

Ninety Ambiguous sentences were constructed around an unbalanced ambiguous 

main noun (e.g. “plant”), which was disambiguated towards its less frequent, 

subordinate meaning by the final word (e.g. “build”, see example in Table 5.1, and 

Appendix 8.4 for a full stimulus list). Details about the design and selection of 

Ambiguous sentences can be found in Chapter 1, 5.1.1 Stimulus Design. For the 

purposes of the present experiment, the offset of the final word (i.e. the 

disambiguating information) was the critical portion of the sentence.  

 

For each Ambiguous sentence, an Unambiguous control sentence was 

created by replacing the main noun with an unambiguous noun, and replacing the 

final word with a contextually appropriate word (see Unambiguous example in Table 

5.1). Main nouns and final words in Ambiguous and Unambiguous sentences were 

matched as closely as possible on number of syllables, length and lemma frequency 

(see stimulus characteristics in Table 5.1). There were no statistically significant 

differences between the Ambiguous and Unambiguous condition in terms of main 

noun number of syllables (t(178) = -0.14, p = .889, Cohen’s d = -0.02), main noun 

lemma frequency (t(178) = 0.35, p = .726, Cohen’s d = 0.05), final word number of 
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syllables (t(178) = 0.45, p = .656, Cohen’s d = 0.07), or final word lemma frequency 

(t(178) = -0.26, p = .797, Cohen’s d = -0.04).  

 

Table 5.1 Stimulus characteristics. Sentences in the Ambiguous condition contained an 
ambiguous main noun (e.g. “plant”) that was disambiguated towards its subordinate meaning 
by the final word (e.g. “build”). Control sentences in the Unambiguous condition contained a 
frequency- and length-matched unambiguous main noun and final word.  
 

 Condition 
 Ambiguous Unambiguous 

Example  The article reported that the plant 
had been very difficult to build. 

The article reported that the north 
had been very difficult to reach. 

   

Characteristic   

N 90 90 

Number of syllables 16.42 (1.5) 16.42 (1.5) 

Number of words 13.04 (1.16) 13.04 (1.16) 

Main noun 
frequency1 75.14 (112.66) 69.64 (97.03) 

Final word 
frequency1 73.04 (110.68) 77.53 (123.02) 

Main noun single-
word dominance 
score2  0.75 (0.16)  

Sentence 
comprehensibility3 8.2 (1.04)  

Sentence level 
subordinate-
meaning suitability 
rating4 7.9 (1.08)  

   
1Means (SD) of lemma frequency per million (CELEX lexical database, Baayen et al., 1995).  
2Volunteers in a pilot word association study, who did not participate in the present experiment, 
were presented with the ambiguous main nouns in isolation, and asked to respond with the first 
word that came to mind. After providing a word association, they selected their intended 
meaning of the ambiguous main noun from alternatives. The score provided here indicates the 
proportion of word association responses that matched the purported dominant meaning of the 
word. Means (SD) are provided.  
3Pilot participants rated whether the sentences made sense on a scale from 1–10 (with 1 
indicating “makes no sense at all”, and 10 indicating “makes perfect sense”, see Vitello, 2014, 
and Vitello et al., 2014, for details). Means (SD) are provided. 
4Pilot participants were explicitly asked which of two possible meanings (e.g. “a botanical 
organism” or “a factory”) made more sense in the given context for each sentence (see Vitello, 
2014, and Vitello et al., 2014). The score provided here indicates the preference given to the 
subordinate meaning on a scale from 1–10 (with 1 indicated “subordinate meaning makes no 
sense at all”, and 10 indicating “subordinate meaning makes perfect sense”). Means (SD) are 
provided. 
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Stimuli were presented aurally (Listening condition), visually as whole 

sentences (Reading condition), or visually word-by-word (RSVP condition). As 

discussed in the Introduction, these presentation formats are naturally associated with 

different processing demands. The present study did not aim to equate the three 

conditions on processing difficulty. Instead, sentences were presented in each 

condition in a way that is typical for psycho- and neurolinguistics studies.  

 

Auditory sentences were spoken by a female speaker of British English 

(duration 2.4–3.99 s, MDuration = 3.12 s). Visual items were presented in black font on 

a white background. For the Reading condition, whole sentences were presented on 

the screen for an equal length of time as the duration of the same sentence in the 

Listening condition, plus an additional 1500 ms. This presentation duration was 

chosen to ensure that participants would be able to comfortably read the sentences, 

and to resolve the ambiguities while the sentence was visible on the screen. In the 

RSVP condition, each word was presented individually in the centre of the screen for 

250 ms, and replaced by the following word until the end of the sentence.  

 

The experiment also included a low-level unintelligible baseline for each 

presentation format. For the Listening condition, this baseline was created by 

spectrally rotating unambiguous sentences. Stimuli were equalised with a (essentially 

high-pass) filter so that the rotated signal approximately retained the long-term 

spectrum of the original sentence. This was followed by amplitude-modulation by a 

sinusoid at 4 kHz, and low-pass filtering at 3.8 kHz. This technique preserves the 

acoustic complexity of stimuli but renders them unintelligible (Blesser, 1972). For 

Reading and RSVP conditions, unintelligible sentences were created by replacing 

Roman letters with false font symbols (Melchert, 2004). These characters were 

dissimilar from Roman letters, and therefore not associated with phonological 

representations for participants in this study (Warren, 2013). 
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2.1.3 Design 

 

All participants encountered Ambiguous, Unambiguous, and unintelligible versions of 

each sentence. Three different stimulus lists were created to ensure that across 

participants, each sentence was presented in the Listening, Reading, and RSVP 

version. Each Ambiguous sentence (and its Unambiguous and unintelligible 

counterparts) was randomly assigned to a different presentation format on each list. 

Counterbalancing ensured that each participants only encountered each ambiguous 

main noun once.  

 

Additionally, the sentences were divided into three scanning run groups that 

were roughly matched on sentence characteristics. The order in which these sentence 

groups were presented (i.e. the order of scanning runs) was randomised for each 

participant. Within each run, Listening, Reading, and RSVP sentences were 

presented in format-based miniblocks (two miniblocks of each presentation format 

within a run). Each miniblock was introduced by a visual cue (a picture of an ear or 

an eye) to indicate to participants which format to expect next. Within each miniblock, 

Ambiguous, Unambiguous and unintelligible sentences were presented in a 

pseudorandomised order. There were three fixed miniblock orders which were 

assigned randomly in each run for each participant. 

 

2.1.4 Procedure 

 

2.1.4.1 Pre-tests 

 

Twenty-five volunteers completed a web-based eligibility test, set up with online 

software Qualtrics (www.qualtrics.com), prior to being asked to participate in the fMRI 
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study. This pre-test included a Disambiguation task to ensure comparable ambiguity 

resolution ability between individuals in the present sample. Volunteers were asked 

to read a sentence such as Example (16), which contained either an ambiguous word 

(e.g. “state”) or an unambiguous word. They were presented with a statement about 

the meaning of this word (e.g. “In this sentence, the word state means the same as 

nation”), and instructed to indicate whether this statement was true or false. The 

stimuli used in this eligibility test were similar, but not identical, to the stimuli used in 

the fMRI experiment. To be eligible for the fMRI experiment, volunteers needed to 

have correctly disambiguated 50% of the eligibility test items (i.e. performance above 

chance level). Three participants did not complete the eligibility test and were 

therefore not invited to the fMRI experiment, but none of the 22 remaining volunteers 

were excluded based on their performance in the Disambiguation task. Participants 

in the final sample (N = 17) were generally able to correctly disambiguate the 

ambiguous sentences (MAccuracy = 87.13%, SD = 9.5; range: 81.25–100%).  

 

(16) The woman described the state her friend lived in as very sad. 

 

The second part of the pre-test assessed vocabulary knowledge using the 

short version (Set A) of the Mill Hill vocabulary test (Raven, Court, & Raven, 1977). 

This test served as an indicator of participants’ vocabulary knowledge to confirm 

appropriate levels of lexical knowledge in the sample but performance was not used 

to exclude participants from the fMRI experiment. The average of correct responses 

in the final sample of participants was 52.76% (SD =12.3; range: 31.25–81.25%). 

 

2.4.1.2 Main experiment 

 

After having successfully completed the pre-tests, participants were invited to take 

part in the main experiment involving an MRI scan. In the scanner, participants were 
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instructed to listen to or read each sentence carefully for comprehension. They were 

not given an explicit task in order to avoid contamination of neural activation related 

to ambiguity resolution by activation related solely to the demands of an overt task 

(Wright et al., 2011). Prior to the scan, participants were informed that some trials 

would consist of nonsense sounds or letters. They were instructed to simply pay 

attention to these trials but that they should not try to understand the sentences. For 

the unintelligible Reading condition, they had additional instructions to move their 

eyes across the false font from left to right as if reading text.  

 

Stimuli were presented using MATLAB (Mathworks Inc., Natick, MA, USA) and 

the Cogent 2000 toolbox (www.vislab.ucl.ac.uk/cogent/index.html). Auditory stimuli 

were presented through MRI-compatible insert earphones (Sensimetrics, Malden, 

MA, USA, Model S-14), which were designed to keep scanner noise low by providing 

a sound attenuation level of 20-40 dB (information provided by the manufacturer). The 

visual stimuli, and a fixation cross to be viewed during the Listening condition, were 

projected onto a screen hung in front of the bore of the MRI machine. An angled mirror 

was adjusted on top of the participant’s head to reflect the stimuli. Volume levels and 

readability were tested by presenting a small number of auditory and visual stimuli, 

which were not used in the experiment proper, before the functional runs. Volume 

levels and focus were adjusted if necessary. Participants also heard and saw 

examples of the unintelligible stimuli before the experiment began. 

 

The experiment was divided into three runs lasting about 12 min each. 

Between each trial, a fixation cross was presented in the middle of the screen for 2500 

ms. There was a random jitter of 1000-3000 ms so that the inter-trial interval consisted 

of 3500-5500 ms overall. After the functional runs, anatomical images were acquired 

(duration: 5.5 min).  
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Following the MRI scan, participants completed two surprise behavioural 

tests. A Recognition Memory test and an Explicit Disambiguation task were set up 

and run using the Cogent toolbox running in MATLAB. These tests were started 

approximately 5-10 minutes after the scan, and lasted about 15 minutes each. A 

subset of 72 Ambiguous stimuli from the fMRI experiment was selected for the 

Recognition Memory test.  Participants were instructed to read each sentence, and to 

decide whether they had seen it in the MRI scanner. The interval between the first 

encounter during the fMRI scan and second encounter in the Recognition Memory 

test of any given stimulus was between 10-45 minutes. Seventy-two additional 

ambiguous sentences, which had not been presented in the scanner but were taken 

from the same stimulus pool as the experimental sentences, were used as foils. 

Irrespective of the presentation format in which the stimuli had been presented in the 

scanner, the sentences in the Recognition Memory test were all displayed as written 

whole sentences. This task was used to confirm whether participants had paid 

attention to the stimuli presented in the scanner in lieu of an overt task during the 

scan. 

 

After the Recognition Memory test, participants completed an Explicit 

Disambiguation task. All 90 Ambiguous sentences, and 30 randomly selected 

Unambiguous sentences, from the fMRI experiment were visually presented as whole 

sentences on a computer screen. Participants were instructed to press a button as 

soon as they had read through the sentence once. Each participant’s individual 

reading time for each item in the Explicit Disambiguation task was used in the first-

level fMRI analyses to model sentence duration and offset for each item in the 

Reading condition during the scan (see 2.1.6.2 Analysis of fMRI data). Participants 

were then asked to make a decision about the meaning of the ambiguous word within 

the sentence context. They were presented with a choice of two meaning alternatives 

(the subordinate – correct – meaning, and the dominant – incorrect – meaning), and 
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a third “other” option. They were instructed to choose the meaning that they had been 

thinking about while reading the sentence in the scanner, or, in case they could not 

remember the sentence from the experiment, to choose the most plausible meaning 

considering sentence context. This task was used to provide an approximation of 

reading time for the Reading condition, and to confirm that participants were able to 

disambiguate the specific sentences used in the fMRI experiment. 

 

2.1.5 Image acquisition 

 

Whole-brain functional images were collected on a Siemens Avanto 1.5-T MR 

scanner with a head gradient set, using a continuous-acquisition method. Echo-planar 

image volumes (232-251 volumes per participant) were acquired over three runs of 

approximately 12 min, using a gradient-echo EPI sequence (TR = 3000 ms, TE = 50 

ms, isometric 3 mm voxels). After the functional runs, anatomical images were 

acquired using a T1-weighted MPRAGE (TR = 2730 ms, TE = 3.57 ms, isometric 1 

mm voxels, duration 5.5 min). 

 

2.1.6 Data analysis 

 

2.1.6.1 Analysis of behavioural data 

 

Analyses of behavioural data were conducted in RStudio (v. 3.4.2; RStudio Team, 

2015), by means of mixed effects models with random effects for subjects and items 

(Baayen et al., 2008; Barr et al., 2013). Hypothesis tests were conducted by means 

of model comparisons with likelihood ratio tests, and Chi-squared and p-values (with 

α set at .05) from these tests are reported. Detailed results from statistical models, 



BLOTT (2019): DOWN THE GARDEN-PATH AND BACK AGAIN 

296 
 

including parameter estimates, can be found in section A. Statistical models at the 

end of this chapter. 

 

The Recognition Memory test was included in the study to confirm that 

participants were paying attention to the stimuli presented in the fMRI experiment in 

lieu of an in-scanner task. It was first investigated whether the timing of the first 

encounter of a sentence (i.e. the run in which the sentence had been presented) 

affected recognition memory, i.e. whether there were any systematic fluctuations in 

attention during the course of the scan. Models contained codes for fixed effects of 

Run, a random intercept and a random slope for Run by subjects, and a random 

intercept by items. A first code for Run contrasted Run 1 from the two later runs; a 

second code contrasted Run 2 from Run 3 (Run.code1 with Run 1 deviation-coded 

as 1/3, Run 2 as 1/3, and Run 3 as -2/3, and Run.code2 with Run 1 deviation-coded 

as 1/2, Run 2 as -1/2, and Run 3 as 0). In the model comparisons, the maximal model 

was compared to models without either of these Run codes. Additionally, the data 

from the Recognition Memory task allowed for a test of whether the presentation 

format (Listening, Reading, or RSVP) in which each Ambiguous sentence had been 

presented in the scanner affected participants’ ability to recognise the sentence in the 

Recognition Memory task. Models contained contrast codes for fixed effects of 

Format, a random intercept and a random slope for Format by subjects, and a random 

intercept by items. A first code for Format contrasted the RSVP modality from the two 

more familiar presentation formats; a second code contrasted the Listening from the 

Reading modality (Format.code1 with Listening deviation-coded as 1/3, Reading as 

1/3, RSVP as -2/3, and Format.code2 with Listening deviation-coded as 1/2, Reading 

as -1/2, and RSVP as 0). In the model comparison, the maximal model was compared 

to a model without either of these Format codes. The dependent variable for all 

analyses of the Recognition Memory test was the accuracy of recognition responses 

for the Ambiguous sentences that had been used in the fMRI experiment. Logit mixed 
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effects models were fitted using the glmer() function with the bobyqa optimiser from 

the lme4 package (v. 1.1.17; Bates et al., 2015).  

 

The main purpose of the post-scan Explicit Disambiguation test was to record 

reading times for approximating sentence processing time in the Reading condition 

for analysis of the fMRI data. Additionally, accuracy and reading times (the latency of 

button presses after the end of each sentence) in the Explicit Disambiguation task 

were analysed to test for behavioural effects of Ambiguity. Reading times were log-

transformed prior to analysis. Models contained a deviation-coded fixed effect of 

Ambiguity (Ambiguous -0.5; Unambiguous 0.5), a random intercept and a random 

slope for Ambiguity by subjects, and a random intercept by items. Linear mixed effects 

models for reading times were fitted with the lmer() function from the lme4 package 

(v. 1.1.17; Bates et al., 2015). It was also explored whether the presentation format in 

which a sentence had been presented in the scanner affected participants’ ability to 

disambiguate the item in the post-test. The maximal model contained fixed effects for 

in-scanner presentation Format (Format.code1 with Listening deviation-coded as 1/3, 

Reading as 1/3, RSVP as -2/3, and Format.code2 with Listening deviation-coded as 

1/2, Reading as -1/2, and RSVP as 0), a random intercept and random slopes for 

Format by subjects, and a random intercept by items. Logit mixed effects models for 

disambiguation accuracy were fitted to data from the Ambiguous sentences only with 

the glmer() function within the lme4 package (v. 1.1.17; Bates et al., 2015); 

 

2.1.6.2 Analysis of fMRI data 

 

The functional images from the fMRI experiment were preprocessed and analysed 

using SPM12 (Wellcome Trust Centre for Neuroimaging, London, UK). Preprocessing 

steps included within-subject realignment, within-subject co-registration of the T1-

weighted structural image to the mean EPI image, and spatial normalisation of the 
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EPI images to standard MNI space by the unified segmentation method (as described 

in Ashburner & Friston, 2005). The data were spatially smoothed using an 8 mm 

FWHM Gaussian kernel. For one participant, a single run had to be excluded from the 

fMRI analyses due to excessive head motion. 

 

2.1.6.2.1 Whole-brain analyses 

 

Statistical analyses were performed using the general linear model and Gaussian 

random field theory as implemented in SPM12 (Friston et al., 1994). Two separate 

models were used to analyse the data in each presentation format: Intelligibility 

(intelligible > unintelligible), and Ambiguity (Ambiguous > Unambiguous) contrast 

models. In both models, each of the three runs was modelled separately. The design 

matrices included onsets and durations for the pictorial presentation format cues (the 

pictures of an ear or eye that had been presented before each miniblock), movement 

parameters, and temporal and dispersion derivatives. Rest served as an implicit 

baseline and was therefore not modelled explicitly. A high-pass filter of 128 s was 

applied to remove low-frequency noise. 

 

Intelligibility contrasts (intelligible > unintelligible) 

For data quality control purposes, a first model was used to investigate basic 

intelligibility contrasts in each presentation format. For each participant, onsets and 

durations of intelligible > unintelligible conditions were contrasted in each presentation 

format.  The resulting contrast images were entered into individual second-level one-

sample t-tests for each format to examine format-specific intelligibility effects at the 

group level. 
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Ambiguity contrasts (Ambiguous > Unambiguous) 

In a second step, models comparing the haemodynamic response to Ambiguous and 

Unambiguous conditions in each presentation format were created. In each 

presentation format, individual regressors were included for onsets and durations for 

a combined intelligible (i.e. Ambiguous and Unambiguous) condition, and for the 

unintelligible conditions. Additionally, sentence offsets for the Ambiguous and the 

Unambiguous sentences were modelled as separate sets of events for each 

presentation format. Sentence offsets were modelled explicitly because in our stimuli, 

they coincided with the point of disambiguation - the point at which semantic 

reinterpretation processes are assumed to be triggered (Rodd et al., 2012; Twilley & 

Dixon, 2000). Thus, modelling sentence offsets in addition to onsets and durations of 

sentences allowed for a comparison between activation patterns directly associated 

with ambiguity resolution processes (in the Ambiguous conditions), and activation 

patterns which are not related to ambiguity (in the Unambiguous conditions). 

Sentence offset corresponded to the end point of stimulus presentation in the 

Listening and RSVP modalities, but had to be estimated in the Reading condition. 

Each individual reading time for each item obtained in the Disambiguation post-test 

was used to estimate sentence offset in the Reading condition (see 2.4.1.2 Main 

experiment). Any reading times that were 1500 ms shorter or longer than the 

corresponding auditory file for the item were considered outliers, and for these items, 

the duration of the auditory file was used instead to model sentence duration and 

offset in the Reading condition. For each participant, Ambiguous > Unambiguous 

contrast images were created in each presentation format, which were then entered 

into one-sample t-tests for each presentation format to examine format-specific 

ambiguity effects at the group-level.  
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2.1.6.2.2 Region-of-interest analyses 

 

In addition to the whole-brain analyses, more targeted comparisons between 

presentation formats were conducted for pre-specified regions-of-interests (ROIs). 

Results from two independent studies, which compared semantically ambiguous to 

semantically simple sentences presented in either the auditory or the visual modality 

were used to define ROIs in the present study. Zempleni and colleagues (2007) 

compared activation in response to the offset of ambiguous sentences, in which 

context constrained the meaning of an ambiguous word to its subordinate meaning, 

to activation in response to unambiguous control sentences. Sentences were 

presented in phrase-by-phrase visual format. In a previous study from our group, 

Warren, Vitello, Devlin & Rodd (in prep.) compared the offsets of subordinate-

constrained ambiguous sentences to unambiguous control sentences in the auditory 

modality. Peaks from these two studies were selected as ROIs only if they were also 

observed in the present intelligibility contrasts (see Whole-brain analyses). This 

procedure ensured that ROIs in the current study covered regions which were 

responsive to meaningful language stimuli in the present sample, and – based on the 

results of the Warren and Zempleni studies – responsive to manipulations of semantic 

ambiguity. The ROI selection process resulted in the identification of two peaks within 

the left IFG: more anterior BA 47 (MNI coordinates: -50, 30, -2, from Warren et al.), 

and more posterior BA 45 (MNI coordinates: -50, 27, 11, from Warren et al.).  

 

Using the MarsBar toolbox for SPM 12 (Brett, Anton, Valabregue, & Poline, 

2002), the average difference in neural activation in response to Ambiguous relative 

to Unambiguous sentence offsets was calculated for each presentation format, and 

in each of the ROIs.  The resulting difference scores were entered into a one-way 

ANOVA in JASP (v. 0.10.2; JASP Team, 2019) to identify effects of presentation 

format, which were examined further by means of paired-samples t-tests. 
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2.2 Results 

 

2.2.1 Behavioural analyses 

 

Descriptive statistics from the Recognition Memory test showed that 

participants recognised the majority of sentences they had seen in the scanner, 

suggesting that they had paid adequate attention in the scanner (MTotal = 0.66, SDTotal 

= 0.2, range 0.36-0.94). The effect of Run on accuracy rates was not statistically 

significant, suggesting that the time point at which a given sentence had been 

presented during the scan did not affect recognition memory (p = .941; see Table 5.4 

in section A.1.1 at the end of the chapter, and top panel of Figure 5.2). There was a 

significant main effect of in-scanner presentation format on accuracy (χ2(1)= 16.32, p 

< .001). One-sample t-tests showed that participants’ accuracy rates were 

significantly greater than chance (0.5) in all presentation formats (Listening: t(407) = 

3, p = .003; Reading: t(407) = 10.9, p < .001; RSVP: t(407) = 7.13, p < .001, 

Bonferroni-corrected α-level of .017). However, pairwise comparisons revealed that 

Recognition Memory accuracy was lowest in the Listening condition (MListening = 0.57, 

SDListening= 0.24; Listening vs Reading: χ2(1)= 15.81, p < .001; Listening vs RSVP: 

χ2(1)= 5.04, p = .025;  see Table 5.5 in section A.1.1 at the end of the chapter, and 

bottom panel of Figure 5.2). Although accuracy was numerically greater for the 

Reading (MReading = 0.74, SDReading= 0.18) compared to the RSVP format (MRSVP = 

0.67, SDRSVP= 0.21), this difference did not survive correction for multiple comparisons 

(p = .044; see Table 5.5 in section A.1.1 at the end of the chapter).  

 

Descriptive statistics from the post-scan Explicit Disambiguation task showed 

that Participants were generally able to successfully disambiguate the Ambiguous 

sentence presented to them during the scan – at least upon encountering them for 
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the second time (MAccuracy = 0.91, SDAccuracy = 0.13). As shown in Figure 5.3, significant 

effects of Ambiguity were observed on accuracy, and sentence reading times, with 

Ambiguous sentences associated with lower accuracy and longer reading times 

(MReading time = 2.91 s, SDReading time = 0.62) than Unambiguous sentences (MAccuracy = 

0.99, SDAccuracy = 0.02, ; χ2(1)= 5.33, p = .021; MReading time = 2.79 s, SDReading time = 0.63, 

χ2(1)= 7.72, p = .006; see Table 5.6 in section A.1.1 at the end of the chapter). Neither 

the presentation format nor the run in which the Ambiguous sentences had been 

presented in the MRI scanner had an effect on disambiguation accuracy (p = .451 

and p = .588, respectively; see Table 5.7 in section A.1.1 at the end of the chapter). 
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Figure 5.2 Accuracy rates on the post-scan Recognition Memory test. Raincloud plots (Allen 
et al., 2019) show median and interquartile range in the boxplot element, probability density in 
the split violin element, and distribution of accuracy scores by in-scanner run (top panel), and 
by in-scanner presentation format (bottom panel). 
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Figure 5.3 Accuracy rates and response times in the post-scan Explicit Disambiguation task. 
Raincloud plots (Allen et al., 2019) show median and interquartile range in the boxplot element, 
probability density in the split violin element, and distribution of accuracy scores (top panel) 
and RTs (bottom panel) for the Ambiguous and Unambiguous condition. 

 

2.2.2 Whole-brain analysis 

 

The left-hand panel in Figure 5.4 shows the results of the basic contrast of intelligible 

> unintelligible stimuli (see Table 5.8 in section A.1.3 at the end of the chapter for 

activation peaks). In the Listening condition, haemodynamic responses to intelligible 
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speech were contrasted with responses to rotated speech. In the Reading and RSVP 

conditions, responses to intelligible written sentences were compared with responses 

to false font stimuli. All three comparisons revealed activations associated with the 

processing of meaningful language in a fronto-temporal network of regions, consistent 

with previous studies of language comprehension (see Price, 2012, and Tyler & 

Marslen-Wilson, 2008 for reviews).  

 

 

Figure 5.4 Results of the whole-brain analyses. Left panel: Contrasts of intelligible > 
unintelligible stimuli in each presentation format (p < .001, uncorr.; cluster extent threshold k 
= 50). Right panel: Contrasts of Ambiguous > Unambiguous sentences in each presentation 
format (p < .005, uncorr.; cluster extent threshold k = 10). 

 

The right-hand panel in Figure 5.4 illustrates the contrast of Ambiguous > 

Unambiguous sentences in each presentation format. Ambiguity effects were found 

in each format (see Table 5.9 in section A.1.3 at the end of the chapter for activation 

peaks). The location of ambiguity-related activations were similar to those observed 
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in previous studies of semantic ambiguity resolution in the auditory format (e.g. Rodd 

et al., 2012; Rodd et al., 2005), and in the visual format (e.g. Zempleni et al., 2007). 

Ambiguity effects were particularly pronounced in left frontal areas in all three 

presentation formats. 

 

2.2.3 Region-of-interest analyses 

 

The ROI selection procedure (see Methods) resulted in two ROIs within the left IFG, 

BA 47 and BA 45. The location of these peaks is illustrated in the left-hand panel in 

Figure 5.5. A 3 (Format) x 2 (Region) ANOVA comparing the difference in activation 

level between Ambiguous > Unambiguous conditions (Ambiguous > Unambiguous 

contrast) in the three presentation formats across the two ROIs, revealed a significant 

main effect of Format (F(2,32) = 4.23, p = .023, η2 = 0.21) on the ambiguity effects. 

However, neither the main effect of Region (F(1,16) = 0.02, p = .901, η2 = 0.001) nor 

the Format x Region interaction (F(2,32) = 2.32, p = .114, η2 = 0.13) were statistically 

significant. In order to dissect the effects of presentation Format on ambiguity 

responses in each ROI separately, two separate 1x3 ANOVAs were conducted for 

each ROI, comparing the difference in activation level in response to Ambiguous 

versus Unambiguous sentences across formats, and followed-up with individual t-

tests.  

 

In the more anterior BA 47, there was a significant main effect of presentation 

Format (F(2,32) = 4.59, p = .018, η2 = 0.22) on the observed ambiguity effects. One-

sample t-tests comparing the ambiguity effects to a baseline level of 0 revealed large 

ambiguity effects in the Reading (t(16) = 3.64, p = .002, Cohen’s d = 0.88), and the 

RSVP condition (t(16) = 4.66, p < .001, Cohen’s d = 1.13), yet only a marginally 

significant, medium-sized effect in the Listening condition (t(16) = 2.09, p = .053, 

Cohen’s d = 0.51). Post-hoc paired-samples t-tests comparing the ambiguity effects 
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between the presentation formats revealed that ambiguity effects in the RSVP 

modality were significantly larger than those in the Listening condition (t(16) = 2.73, p 

= .015, Cohen’s d = 0.66), and those in the Reading condition (t(16) = 2.18, p = .044, 

Cohen’s d = 0.53; see Figure 5.5). The magnitude of ambiguity effects did not differ 

between Listening and Reading conditions (t(16) = -0.79, p = .441, Cohen’s d = 0.19). 

 

In the more posterior BA 45, the main effect of presentation Format on the 

observed ambiguity effects approached significance (F(2,32) = 3.11, p = .058, η2 = 

0.16). Again, one-sample t-tests comparing the ambiguity effects to a baseline level 

of 0 revealed significant ambiguity effects in all three presentation formats (Listening: 

t(16) = 2.84, p = .012, Cohen’s d = 0.69; Reading: t(16) = 5.78, p < .001, Cohen’s d = 

1.4; RSVP: t(16) = 4.34, p < .001, Cohen’s d = 1.05). Similar to BA 47, post-hoc 

paired-samples t-tests comparing the ambiguity effects between the presentation 

formats revealed the RSVP condition was associated with larger ambiguity effects 

than the Listening condition (t(16) = 3.06, p = .008, Cohen’s d = 0.74).  However, the 

magnitude of ambiguity effects did not differ significantly between Reading and RSVP 

conditions (t(16) = -0.64, p = .532, Cohen’s d = 0.16), or the Reading and Listening 

condition (t(16) = 1.78, p = .094, Cohen’s d = 0.43; see Figure 5.5).  

 

 

Figure 5.5 Results of the ROI analyses. Left panel: Illustration of the approximate location of 
the BA 45 and BA 47 ROIs in the left IFG. Right panel: Bar plots illustrate mean and SE of the 
“garden-path” effects (Ambiguous > Unambiguous contrast) in each of the presentation 
formats, and ROIs. Image credit: OpenClipArt-Vectors (n.d.) 
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2.3 Discussion 

 

The aim of Experiment 1 was to investigate the effects of presentation format-specific 

processing demands on higher-order language comprehension processes. Results 

revealed ambiguity effects on haemodynamic responses in the Listening, whole-

sentence Reading, and RSVP formats that were consistent with previous studies (e.g. 

Braze et al., 2011; Hoenig & Scheef, 2009; Rodd et al., 2012; Rodd et al., 2005; 

Vitello, 2014; Zhu et al., 2012). Importantly, it was also found that sentence 

presentation format modulated these ambiguity effects within a key language region 

in the frontal lobe, left IFG. 

 

Results from the whole-brain fMRI analyses confirmed that meaningful 

language stimuli engaged the language network, and that ambiguity effects were 

observed in a fronto-temporal set of brain regions that have previously been 

associated with higher-order sentence processing in all three presentation formats 

(e.g. Price, 2012; Rodd et al., 2012; Tyler & Marslen-Wilson, 2008; Zempleni et al., 

2007). Additionally, although the experiment during the scan did not involve an overt 

task, the post-scan Recognition Memory test confirmed that participants generally 

paid attention to the sentences that were presented to them in the scanner, with no 

systematic effects of the time point during the scan (i.e. the run) in which a sentence 

had been presented. Results from the Explicit Disambiguation test that was 

conducted after the main experiment also suggested that the participants were 

generally able to disambiguate the sentences, and had access to the relevant 

vocabulary to do so, with a mean disambiguation success rate of over 90%. The 

Explicit Disambiguation task further confirmed that sentences that require ambiguity 

resolution are harder to process than sentences that do not contain ambiguities; even 

when they encountered the sentences for the second time, participants showed lower 
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accuracy rates in selecting the appropriate meaning for the ambiguous main noun 

than for the equivalent unambiguous noun in the control sentences. Similarly, 

Ambiguous sentences were associated with longer response times than 

Unambiguous sentences, reflecting the temporal processing costs of ambiguity 

resolution (e.g. Duffy et al., 1988; Rayner & Duffy, 1986). Overall, the whole-brain 

results, the Recognition Memory and Explicit Disambiguation tasks confirmed that the 

processing of Ambiguous sentences was associated with processing costs, and that 

participants did engage in reinterpretation processes during the scan. 

 

The key finding of this experiment was that the magnitude of ambiguity-related 

processing costs in left IFG differed depending on the format in which sentences were 

presented. In both a more anterior (BA 47) and a more posterior (BA 45) subregion of 

left IFG, there were significant ambiguity effects for all three presentation formats: 

Listening, whole-sentence Reading, and RSVP reading. However, ambiguity effects 

tended to be exaggerated when sentences were presented in the word-by-word 

RSVP format. In contrast to the present results, Lee and Newman (2009) reported a 

greater effect of linguistic complexity in left IFG during whole-sentence reading 

compared to RSVP reading. A possible explanation for the apparent discrepancy in 

results may be that the presentation speed in Lee and Newman's (2009) RSVP 

condition was relatively slow (about 400 ms per word). This slow presentation speed 

may have posed increased demands on working memory and word-meaning binding 

even for simpler sentences compared to the faster, arguably more natural 

presentation rate of 250 ms that was used in the present experiment (Rayner, 1978, 

1998). 

 

In the present study, the presentation format-related difference in ambiguity 

effects on brain responses may be driven by the difference in the time point at which 

the haemodynamic responses were measured: in the RSVP and the Listening 
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condition, measurement coincided with the offset of the sentence (i.e. capturing 

ambiguity resolution processes at the point of disambiguation), while the time point of 

measurement had to be estimated in the Reading modality, and may therefore have 

coincided with a later point in sentence processing (e.g. capturing covert 

reinterpretation or even overt re-reading processes near completion). It is therefore 

possible that with a later measurement in the Reading condition, readers may have 

already resolved some of the sentences at this point, leading to a smaller difference 

between haemodynamic responses for Ambiguous compared to Unambiguous 

sentences overall. However, this reasoning does not explain why ambiguity effects in 

the Listening condition, where the point of measurement should have been equally 

sensitive to reinterpretation processes as in the RSVP condition, were comparatively 

small.  

 

An explanation to account for the relatively weak ambiguity effects in the 

Listening condition is that listeners engaged in a good-enough processing strategy 

during the scan, whereby they did not resolve the ambiguity in as many trials in the 

Listening condition compared to the other presentation formats (e.g. Christianson et 

al., 2001; Ferreira, 2003; Ferreira & Patson, 2007). As argued by Sanford and Sturt 

(2002), a strategy of underspecification of sentence-level meaning representations 

may be more likely during Listening due to the associated time pressure for 

comprehension. However, this explanation would need to equally apply to the RSVP 

format, where input is also transient, and comprehenders are under pressure to 

complete integration processes in a timely fashion. Although the results from the post-

scan Recognition Memory test may also tentatively suggest that only relatively weak 

memory traces may have been encoded for the auditory sentences (with lower 

recognition memory accuracy for the Listening compared to the other conditions) – 

potentially suggestive of a good-enough processing strategy during the scan – the 

presentation format effect on Recognition Memory performance may instead have 
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been driven by a mismatch between the encoding modality (auditory) during the scan 

and the test modality (visual) at the Recognition Memory test (Mulligan & Osborn, 

2009; Tulving & Thomson, 1973). In addition, there does not currently seem to be any 

compelling evidence to suggest that comprehenders are more prone to good-enough 

processing in the auditory compared to the visual modality.  

 

Alternatively, weak effects in the Listening condition may have been driven by 

the presence of scanner noise, which may have systematically affected 

comprehensibility of the auditory condition but not the visual conditions. The present 

study used the continuous imaging modality rather than sparse imaging to be able to 

model haemodynamic responses specifically time-locked to the encounter of 

disambiguating information. The weak ambiguity effects during Listening could 

therefore be explained by compensatory noise-related activity that affected all 

language processing in this condition, and therefore minimised the difference in 

haemodynamic responses to Ambiguous and Unambiguous sentences. This 

hypothesis could be tested by a direct comparison of brain activity during the 

processing of Unambiguous sentences and the unintelligible baseline condition. 

However, the present data did not allow for such a comparison because the design 

matrix was specified such that sentence offset was modelled for Unambiguous 

sentences, while the modelling of the unintelligible condition involved both the onset 

of the stimulus and its duration, and would therefore be expected to overlap 

substantially with activity that would also be predicted for Ambiguous sentences. The 

reason for the comparatively weak ambiguity effects in the Listening condition 

therefore remains unclear. 

 

Another explanation for the exaggerated ambiguity effects in the RSVP 

condition, which is not necessarily incompatible with the measurement explanation 

provided above, is that the rapid word-by-word presentation format modulated 
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haemodynamic responses in left IFG over and above the effects of sentence 

ambiguity. In particular, the RSVP format may be associated with exaggerated 

demands on sentence-level unification processes. Left IFG has previously been 

argued to play a key role during the binding of words into sentence-level meaning 

representations (Hagoort, 2005). In the present experiment, unification difficulty was 

caused both by the detection of an error in meaning selection at the point of 

disambiguation, and by the transient presentation of one word after the other in the 

RSVP format. The working-memory demands of this presentation format may 

therefore interact with the demands of ambiguity resolution in anterior left IFG. 

 

The lack of an overt task in the present experiment means that it is not certain 

that participants engaged in ambiguity resolution during the scan, as it was not 

possible to confirm that disambiguation attempts during the scan itself were 

successful. It is also unclear whether the ambiguity effects observed at the brain level 

for each of the presentation formats translate to effects observable at the behavioural 

level. Importantly, we do not yet know whether the different processing demands 

associated with different presentation formats can also modulate ambiguity-related 

processing costs in a behavioural task. Experiment 2 was designed with these 

questions in mind: a large group of participants completed an explicit task that 

required the resolution of ambiguity, thus allowing for a comparison of the efficacy 

and efficiency of ambiguity resolution processes during Listening, whole-sentence 

Reading and RSVP reading. 

 

3. Experiment 2: Behavioural processing costs 

 

The aim of Experiment 2 was to compare the behavioural processing costs associated 

with ambiguity resolution in the Listening, Reading, and RSVP presentation formats. 
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For this purpose, participants encountered Ambiguous and Unambiguous sentences 

in each presentation format, and decided whether the sentences made sense or did 

not make sense in a Meaning Coherence Judgement task. A correct decision for an 

Ambiguous sentence required the successful completion of ambiguity resolution 

processes. Accuracy rates and response times for correct sentence judgements were 

compared across the three presentation formats. Methods and hypotheses for 

Experiment 2 were preregistered prior to data analysis (https://osf.io/9ryxu/).  

 

3.1 Method 

 

3.1.1 Participants 

 

Participants were recruited via the web-based recruitment service Prolific Academic 

(www.prolific.ac; Damer & Bradley, 2014), and completed the study remotely in their 

own time. Eligibility criteria were:  English as primary language; age 18 – 35; currently 

residing in the United Kingdom; resident in the United Kingdom for the past 5 years 

and for the majority of time up to the age of 18; no history of significant neurological 

disorder, literacy difficulties or visual deficits. A total sample size of 108 participant 

was targeted (see pre-registration document) based on a sample size calculation with 

G*Power prior to data collection. This calculation was – conservatively –  based on a 

2x3 repeated measures, within-factors ANOVA design to ensure sufficient statistical 

power to detect a small effect (.1) at a significance threshold of α = .05. Analyses 

included data from 108 speakers of British English (71 female, aged 18–35, MAge = 

26.0 +/- 4.9 years). An additional 16 participants were excluded from analyses due to 

procedural or technical difficulties with data collection. All participants either self-

identified as native speakers of British English (N = 104), or had acquired the 

language before age 11 (N = 4). Sixty-seven participants had completed a university 

https://osf.io/9ryxu/
http://www.prolific.ac/
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degree, while 41 had not completed university-level education. Written informed 

consent was obtained from all participants, and they were remunerated for 

participation. Ethical approval for this study was obtained from the UCL Department 

of Language and Cognition Ethics Chair as part of a larger research programme.  

 

3.1.2 Materials 

 

A subset of 63 Ambiguous and Unambiguous sentence pairs from the fMRI 

experiment were selected at random as meaningful, experimental sentences for the 

Meaning Coherence Judgement task (see examples in Table 5.2). As in Experiment 

1, these stimuli were therefore well matched in terms of main noun and final word 

characteristics (see Method section for Experiment 1). The remaining 27 sentence 

pairs from the fMRI experiment were altered and used as filler sentences in which 

sentence-meaning coherence was violated (e.g. “The woman thought that such a big 

scoop might be quite a challenge to sharpen”). In these filler sentences, main nouns 

were either ambiguous (e.g. “scoop”) or unambiguous (e.g. “quest”) but always 

incompatible with the meaning of the final word. These sentences were therefore 

semantically anomalous. Main nouns were not duplicated across the four conditions. 

A full list of stimuli can be found in Appendix 8.4. 

 

Table 5.2 Example stimuli. 

Condition Example sentence 

Ambiguous The article reported that the plant had been very difficult to build. 

Unambiguous The article reported that the north had been very difficult to reach. 

 

All stimuli existed in three presentation format versions: Listening, Reading, 

and RSVP. Auditory sentences were recorded by a female speaker of British English 

(duration 2.8 – 4.0 s; Mduration 3.5 s).  As in the fMRI experiment, visual items were 
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presented in black font on a white background. For the Reading condition, whole 

sentences were presented on the screen for 4500 ms to ensure that participants 

would be able to resolve the ambiguities while the sentence was visible on the screen. 

Presentation duration was based on the mean duration of all audio files (3000 ms) 

plus an extra 1500 ms to account for differences in the speed of information intake in 

the auditory compared to the visual modality, similarly to the fMRI experiment. For the 

RSVP version, sentences were presented one word at a time in the centre of the 

screen, with presentation time fixed to 250 ms per word. The timings for the three 

conditions were therefore similar to the fMRI experiment. 

 

3.1.3 Design 

 

All participants encountered 180 sentences in total, 1/3 of which in the Listening, 1/3 

in the Reading, and 1/3 in the RSVP presentation format. Of the 180 sentences, 70% 

were experimental meaningful sentences, and 30% were semantically anomalous 

fillers. In 50% of all trials, the sentence contained an ambiguous main noun, while in 

the other 50% the noun was an unambiguous word. Similar to the fMRI experiment, 

for each participant, sentences were presented in three experimental blocks, each of 

which contained two miniblocks of 10 sentences per presentation format. Within each 

miniblock, 70% of trials were meaningful, and 30% were anomalous. All participants 

encountered the presentation format miniblocks in the same pseudorandomised order 

but saw or heard different stimuli in these miniblocks. For each participant, the 

matched experimental meaningful Ambiguous and Unambiguous sentence pairs were 

presented in the same presentation format, but in different experimental blocks. The 

assignment of sentence pairs to the different presentation formats was 

counterbalanced across participants. Only the experimental meaningful Ambiguous 

and Unambiguous conditions were included in the analyses. 
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3.1.4 Procedure 

 

The experiment was set up using the experiment platform Gorilla 

(www.gorilla.sc/about; Cauldron Inc.; Anwyl-Irvine et al., 2019). Participants 

completed the study online on their own computers within approximately 30 minutes. 

Before the main task, participants completed a demographic questionnaire on their 

age, education, and language background.  

 

In the Meaning Coherence Judgement task, participants were instructed to 

listen to or read each sentence carefully for comprehension, and to decide as quickly 

and as accurately as possible whether each sentence made sense or did not make 

sense. Before each trial, a fixation cross appeared in the centre of the screen for 2500 

ms, as in the fMRI experiment. After presentation of a sentence, two response buttons 

appeared (“Sense” and “Nonsense”) for participants to select with their mouse. The 

position of these response buttons on the left or right of the screen was 

counterbalanced across participants.  

 

Between each experimental block, participants were forced to take a 30 s 

break from the experiment. Each experimental block was divided into miniblocks that 

contained stimuli of the different presentation formats. Each miniblock was introduced 

with an icon of an ear (for Listening miniblocks) or an eye (for the Reading and RSVP 

miniblocks). In the Listening condition, participants had to start each sentence audio 

file manually by clicking on a “Play” button (this was due to a software issue at the 

time of data collection that meant that browsers could not automatically start playing 

sound or video files). Response buttons appeared immediately after the end of the 

audio file. In the Reading condition, the sentence automatically appeared on the 

screen as a whole, and remained there for 4500 ms before the response buttons 

appeared. The sentence then disappeared. In the RSVP condition, sentences were 
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presented word for word in 250 ms intervals, and response buttons appeared 250 ms 

after presentation of the final word. Once a response button had been selected, the 

next trial began. Before the experimental trials, participants practised the Meaning 

Coherence Judgement task on four meaningful and two anomalous unambiguous 

sentences (none of which were presented in the experiment proper), two in each 

presentation format. For the practice trials only, participants received immediate 

feedback on the accuracy of their responses. The overall duration of the Meaning 

Coherence Judgement task was approximately 25–30 minutes. 

 

3.1.5 Data analysis 

 

Analyses were conducted on the meaningful Ambiguous and Unambiguous 

conditions only. Trials in which response times were below 250 ms (0.24% of the data) 

were removed from the analyses under the assumption that these were accidental 

button presses. 

 

Analyses were conducted in RStudio (v. 3.4.2; RStudio Team, 2015), using 

mixed effects modelling (Baayen et al., 2008; Barr et al., 2013). Separate analyses 

were conducted for response accuracy and response time on correct trials, using the 

glmer() function of the lme4 package (v.1.1.17; Bates et al., 2015) with the bobyqa 

optimiser, and the  lmer() function from the same package, respectively.  

 

Response times were log-transformed for all analyses. In all models, fixed 

effects were included for Ambiguity (deviation-coded variables: Ambiguous -0.5; 

Unambiguous 0.5), presentation Format (Format.code1 with Listening deviation-

coded as 1/3, Reading as 1/3, RSVP as -2/3, and Format.code2 with Listening 

deviation-coded as 1/2, Reading as -1/2, and RSVP as 0), and their interactions. 

Random effects included a random intercept by items, and a random intercept and 
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slope for Ambiguity, Format, and their interaction by subjects. Hypothesis tests were 

based on model comparisons by likelihood ratio tests, and Chi-squared and p-values 

(with α set at .05, unless stated otherwise) from these tests are reported. Detailed 

results from statistical models, including parameter estimates, can be found in section 

A. Statistical models at the end of this chapter. 

 

3.2 Results 

 

3.2.1 Accuracy 

 

Ambiguous sentences were associated with significantly lower accuracy (MTotal = 0.77, 

SDTotal = 0.42) than their Unambiguous counterparts (MTotal = 0.94, SDTotal = 0.23; 

χ2(1)= 219.54, p < .001; see Table 5.10 in section A.2.1 at the end of the chapter). 

There was also a significant main effect of presentation Format, with the RSVP format 

associated with the lowest accuracy rates (χ2(1)= 12.09, p = .002; see Table 5.10 in 

section A.2.1 at the end of the chapter). These effects can be seen in Figure 5.6. The 

Ambiguity x Format interaction, however, was not statistically significant (p = .336), 

suggesting that the observed ambiguity-related costs to the accuracy of Meaning 

Coherence judgements did not differ significantly across presentations formats (see 

Table 5.10 in section A.2.1 at the end of the chapter, and Table 5.3).  
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Figure 5.6 Accuracy rates and response times in the Meaning Coherence Judgement task. 
Raincloud plots (Allen et al., 2019) show median and interquartile range in the boxplot element, 
probability density in the split violin element, and distribution of accuracy scores (top panel) 
and RTs (bottom panel) for the Ambiguous and Unambiguous condition. 
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Table 5.3 Summary of descriptive statistics for accuracy and response times in the Meaning 
Coherence Judgement task. Table shows means and standard deviations in parentheses. 

 
Listening Reading RSVP 

    

Accuracy    

Ambiguous 0.8 (0.13) 0.8 (0.14) 0.76 (0.14) 

Unambiguous 0.95 (0.06) 0.95 (0.07) 0.93 (0.09) 

Mean difference 0.15 0.15 0.18 

    

RT    

Ambiguous 1413.5 (435.1) 981.4 (351) 1223.7 (373.7) 

Unambiguous 1122 (336.9) 887.9 (299.6) 961.3 (347) 

Mean difference 291.5 93.5 262.4 

 

 

3.2.2 Response time 

 

Response times on correct trials in the Meaning Coherence Judgement task were 

significantly longer when participants needed to resolve an ambiguity to arrive at the 

correct interpretation (MTotal = 1213.77, SDTotal = 928.91) than when the sentence was 

Unambiguous (MTotal = 993.3, SDTotal = 737.66; χ2(1)= 151.85, p < .001; see Table 

5.12 in section A.2.2 at the end of the chapter). There was also a significant main 

effect of presentation Format on response times (χ2(1)= 135.36, p < .001; see Table 

5.12 in section A.2.2 at the end of the chapter).  Importantly, these main effects were 

qualified by a significant Ambiguity x Format interaction, suggesting that the 

magnitude of ambiguity-related costs to response times depended on the format in 

which sentences had been presented (χ2(1)= 50.75, p < .001; see Table 5.12 in 

section A.2.2 at the end of the chapter). These effects can be seen in Figure 5.6 (see 

also Table 5.3 for descriptive statistics). 
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Although ambiguity effects were present in all three presentation formats (see 

Table 5.13 in section A.2.2 at the end of the chapter), separate 2x2 models for each 

presentation format pair revealed that ambiguity effects were greater for the Listening 

and RSVP conditions than for the Reading condition (see Table 5.14 in section A.2.2 

at the end of the chapter).  

 

Comparing the Listening and RSVP conditions, the Ambiguity x Format 

interaction was not statistically significant (p = .681), suggesting that ambiguity-related 

costs to response times did not differ significantly between these presentation 

formats. In comparisons of Listening and Reading conditions, and the Reading and 

RSVP conditions, however, there were significant Ambiguity x Format interactions 

(χ2(1)= 43.03, p < .001, and χ2(1)= 38.49, p < .001, respectively). Post-hoc tests of 

simple effects of presentation Format in the Ambiguous trials and in the Unambiguous 

trials suggested that the Reading format was associated with shorter response times 

than either Listening or RSVP generally, but that the effect was stronger in the 

Ambiguous rather than Unambiguous trials (see Table 5.14 in section A.2.2 at the end 

of the chapter).  

 

3.3 Discussion 

 

The aim of Experiment 2 was to investigate the behavioural effects of presentation 

format-specific processing demands on higher-order language comprehension 

processes. At the behavioural level, comprehenders seemed to have particular 

difficulty building accurate sentence-level meaning representations in the RSVP 

format. Results also suggested that lexical-semantic ambiguity was not always 

successfully resolved, even with an explicit behavioural task. Importantly, ambiguity-

related processing costs to response times were modulated by presentation format, 
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with the RSVP and Listening formats associated with greater ambiguity costs to 

response times than the whole-sentence Reading condition. 

 

In line with previous research and the results in Chapters 2, 3, and 4, mean 

accuracy rates in the Meaning Coherence judgement task were significantly lower for 

Ambiguous sentences (77%) compared to Unambiguous sentences (94%), 

suggesting that the ambiguity was not always successfully resolved (e.g. Christianson 

et al., 2001; Ferreira et al., 2001). Accuracy rates were also significantly lower for 

sentences presented in the RSVP condition compared to the Listening or whole-

sentence Reading conditions, suggesting that processing sentences in a rapid word-

by-word format was associated with worse comprehension outcomes. This finding is 

consistent with previous research suggesting disadvantages for comprehension in the 

RSVP format (Masson, 1983; Schotter et al., 2014; Wlotko & Federmeier, 2015). 

Similar to the present results, both Masson (1983) and Schotter, Tran, and Rayner 

(2014) found that readers tended to show better comprehension for sentences 

presented as a whole compared to RSVP, or RSVP-like, conditions where previous 

parts of the sentence were made invisible. In contrast to these results, other studies 

report similar comprehension performance for sentences presented in the Listening 

and RSVP modality (Buchweitz et al., 2009; Regev et al., 2013; Vagharchakian et al., 

2012). However, both Buchweitz and colleagues (2009) and Regev and colleagues 

(2013) observed a numerical – though statistically non-significant – disadvantage for 

the RSVP modality on their respective comprehension measures (answering 

true/false comprehension questions, and providing a summary for a narrative). 

Although Vagharchakian and colleagues (2012) report that intelligibility ratings for 

sentences in Listening and RSVP were comparable, they also found a faster decrease 

in intelligibility with increasing speed of presentation for RSVP rather than Listening. 

It is worth noting that Vagharchakian, and colleagues' (2012) fastest RSVP 
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presentation rate approximately corresponded to the presentation rate of 250 ms per 

word used in the present study.  

 

More problematic for the present results are studies that have reported 

significant effects in the opposite direction, with the Listening modality associated with 

lower comprehension accuracy than the RSVP modality (Braze et al., 2011; 

Shankweiler et al., 2008). These studies, however, used a task that required 

participants to detect the presence of words that belonged to a pre-specified semantic 

category within sentences. It is conceivable that detection of individual targets within 

sentences is made easier when boundaries between words are easier to detect, or 

when sentence-level binding of words into multi-word units is impeded, as is the case 

in RSVP.  

 

Similar to the present study, Lee and Newman (2009) reported greater 

accuracy of true/false comprehension probes in their whole-sentence reading 

compared to their RSVP condition. Importantly, the disadvantage for the RSVP format 

in the present study was observed for both Ambiguous and Unambiguous sentences, 

suggesting that the RSVP format may have detrimental effects of processes that are 

common to both sentence types, namely the binding of word meanings into coherent 

sentence-level meaning representations. This explanation echoes the idea that the 

additional demands on sentence unification that the RSVP format poses are what 

may have driven the haemodynamic responses observed in Experiment 1. In the 

behavioural task, however, comprehension outcomes (i.e. judgement accuracy) were 

negatively affected by the presence of ambiguity to a similar extent in all three 

presentation formats. 

 

When participants were able to successfully establish a coherent meaning 

representation for sentences, their response times for Ambiguous sentences were 



BLOTT (2019): DOWN THE GARDEN-PATH AND BACK AGAIN 

324 
 

significantly longer than for Unambiguous sentences. The mean “garden-path” effect 

on response times was approximately 220 ms. This finding is in line with previous 

research that has found evidence for temporal costs associated with ambiguity 

resolution and reinterpretation processes (e.g. Colbert-Getz & Cook, 2013; Frazier & 

Rayner, 1982; Meseguer, Carreiras, & Clifton, 2002). Importantly, however, a 

significant Ambiguity x Format interaction indicated that the format in which sentences 

were presented modulated the effect that ambiguity had on response times. There 

were similarly large “garden-path” effects in the Listening and RSVP formats (291.5 

ms, and 262.4 ms on average). In contrast, the observed reinterpretation-related cost 

to response times in the whole-sentence Reading condition was significantly smaller 

(93.5 ms on average). 

 

Similar to the explanations provided for the findings in Experiment 1, different 

time points of response time measurement may explain these results. Exaggerated 

“garden-path” effects were found in the presentation formats that allowed response 

time measurement at the offset of sentence presentation (Listening and RSVP) 

compared to the format where the time point of measurement may have instead 

coincided with a later point during sentence comprehension (Reading). It is therefore 

possible that the time point of measurement in the Reading format allowed readers to 

have completed ambiguity resolution processes, therefore minimising the difference 

in response times between Unambiguous and Ambiguous sentences. This 

interpretation is corroborated by the finding that response times also tended to be 

overall shorter for the Reading condition compared to the other two presentation 

formats. Alternatively, or perhaps complementing this explanation, the Reading 

format also allowed participants to use the visual whole-sentence presentation to their 

advantage as prior context and upcoming words were always visible on the screen, 

allowing for the use of the visual input as an external working-memory buffer (Lee & 

Newman, 2009), and overt re-reading as a means to aid reinterpretation. 
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In this behavioural experiment, reinterpretation-related costs to response 

times were similar in the RSVP and the Listening presentation format. Results from 

Experiment 1 instead suggested that ambiguity-related haemodynamic responses 

were particularly exaggerated in the RSVP, but not in the Listening format. One 

explanation for this apparent discrepancy is that the brain responses observed in left 

IFG do not directly translate into similar effects on response time during a behavioural 

task. In Experiment 2, the exaggerated demands on unification processes posed by 

the RSVP format that were observed in Experiment 1 were instead observed in the 

form of participants’ relative difficulty in successfully establishing sentence-level 

meaning representations. It is also worth noting that Experiment 1 involved a passive 

comprehension paradigm without an overt task that forced participants to engage in 

ambiguity resolution, or comprehension monitoring. In contrast, Experiment 2 

involved an explicit task where ambiguity resolution was a requirement for good 

performance. It may be the case that different task demands may affect processing 

strategies in the Listening modality especially. 

 

Experiment 2 extended the findings from Experiment 1, and found that the 

RSVP format was associated with sentence-level unification demands that were 

reflected in costs to participants’ ability to successfully establish coherent meaning 

representations of sentences. In addition, the RSVP format and the Listening format 

were associated with exaggerated “garden-path” effects to response times in the 

behavioural task compared to the whole-sentence Reading condition. 
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4. General Discussion 

 

The present study investigated if and how presentation format-specific processing 

demands affect higher-order language comprehension processes. For this purpose, 

sentences that require complex semantic reinterpretation processes were presented 

in three commonly used presentation formats, and the effects of presentation formats 

were investigated in two common experimental paradigms. In line with previous 

studies of ambiguity resolution, results provided strong evidence for ambiguity-related 

processing costs in the Listening, the whole-sentence Reading and the word-by-word 

RSVP format. Consistent with the literature, three main conclusions about lexical-

semantic ambiguity resolution in sentence context were reached: 1) ambiguity is not 

always successfully resolved even when it is required by an explicit task (e.g. 

Christianson et al., 2001; Ferreira & Patson, 2007); 2) ambiguity resolution requires 

additional neural resources (e.g. Rodd et al., 2012; Vitello et al., 2014; Zempleni et 

al., 2007); and 3) when ambiguity is successfully resolved, there is a cost to sentence 

processing time (e.g. Duffy et al., 1988; Rayner & Duffy, 1986).  

 

The novel contribution to the literature that this study makes is that these 

ambiguity-related processing costs were found to be affected by the format in which 

sentences are presented. The results from Experiment 1 revealed an Ambiguity x 

presentation Format interaction in left IFG, suggesting that this region is not just a 

centralised, amodal semantic hub, but that it exerts top-down control over semantic 

aspects of language processing that are subject to modulation by task demands (see 

Badre & Wagner, 2007; Binder et al., 2009; Bookheimer, 2002). Similarly, results from 

Experiment 2 showed an Ambiguity x presentation Format interaction for response 

times on a sentence judgement task, suggesting that the temporal processing costs 

of reinterpretation vary across different presentation formats.   
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Ambiguity-related processing costs in the Listening format seemed to be 

particularly variable. Weak ambiguity effects were observed in the neuroimaging 

study, suggesting that perhaps scanner noise interfered with processing or that 

listeners are likely to engage in a good-enough processing strategy in the absence of 

an overt task. When an active task required careful sentence comprehension, the 

Listening format was highly sensitive to effects of ambiguity at the behavioural level. 

Further research is therefore needed to investigate in detail the conditions under 

which ambiguity resolution occurs during listening, and whether listeners may be 

more prone to good-enough processing than readers. 

 

The whole-sentence Reading format was associated with consistent effects of 

ambiguity; these were found in the neuroimaging and the behavioural experiment. 

Robust ambiguity effects were observed even though the nature of the presentation 

format required the estimation of the point at which readers would encounter the 

disambiguating information, suggesting that even with a necessarily imprecise 

estimate of critical processing time-points, the format is sensitive enough to reveal 

ambiguity effects. However, the ambiguity effects were found to be weaker compared 

to the RSVP format in the neuroimaging experiment, and compared to both the RSVP 

and the Listening format in the behavioural experiment. This suggests that either the 

measurement time-point overestimated the time required for sentence processing and 

additional ambiguity-related processes, and therefore minimised differences between 

the Ambiguous and Unambiguous conditions, or that the nature of the format provided 

readers with an advantage over the other presentation formats as they were able to 

use the visual input as an external memory buffer and engage in overt re-reading to 

aid reinterpretation. It may be possible to disentangle these two possibilities by using 

on-line measures of reading behaviour such as eye-tracking, or time-sensitive 
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neuroimaging methods like EEG or MEG to investigate processes related to 

reinterpretation during reading. 

 

Finally, the present experiments revealed consistent effects of ambiguity in 

the RSVP format. However, the results also showed that such effects may potentially 

be exaggerated in this format, suggesting that measuring ambiguity effects only in the 

RSVP format may lead to an overestimation of their magnitude during more typical 

language comprehension modalities. It was found that sentence-level unification of 

meaning representations was particularly demanding in the RSVP format. 

Additionally, the RSVP format was associated with exaggerated ambiguity effects in 

left IFG. The Ambiguous sentences used in the present study contained a 

considerable structural and temporal distance between the ambiguous noun and the 

disambiguating information, which occurred only at the end of the sentence, and may 

thus have encouraged “digging-in” effects (see e.g. Hagoort, 2003; Metzner, von der 

Malsburg, Vasishth, & Rösler, 2017). Such effects occur when comprehenders 

become increasingly committed to their initial analysis, and find it harder to re-analyse 

a sentence (Tabor & Hutchins, 2004). When words are presented sequentially, 

digging-in effects may become exaggerated compared to whole-sentence 

presentation during reading (Magliano, Baggett, Johnson, & Graesser, 1993). 

Mechanisms that are available during natural reading but lacking during RSVP 

reading, such as parafoveal preview and the ability to make regressive eye 

movements to previous parts of the sentence, could lead to an exaggeration of 

sentence wrap-up effects at the offset of Ambiguous sentences. The ambiguity effects 

reported here are based on activations at the point of disambiguation, coinciding with 

sentence offset. The finding of larger ambiguity effects in the RSVP format compared 

to natural reading in BA 47 is therefore likely related to such post-sentence wrap-up 

effects that interact with the specific demands for reinterpretation posed by the 

Ambiguous sentences. This explanation fits in particularly well with Hagoort's (2005) 
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account of left IFG function, which views anterior left IFG as fundamental to the 

process of binding together word meanings, and forming unified representations of 

sentence meaning. 

 

The present study reached a fourth conclusion about lexical-semantic 

ambiguity resolution in sentence context: the effects of ambiguity depend on the 

format in which sentences are presented. Although behavioural and neural ambiguity 

effects were generally found in all three presentation formats, the study revealed that 

the Listening format may be associated with ambiguity costs that are variable across 

tasks, that the Reading format may allow for certain advantages for reinterpretation, 

and that ambiguity effects may be exaggerated in the RSVP format. Previous findings 

of ambiguity effects therefore need to be considered in the light of the presentation 

format in which they were found. For researchers interested in questions about higher-

order language comprehension, it is vital to make informed decisions about the 

presentation format best suited to answer their research questions, and to be open 

and critical about any format-specific processing demands that may affect the 

generalisability of results. 
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A. Statistical models 

A.1 Experiment 1  

A.1.1 Results from the Recognition Memory task 

Table 5.4 Results from logit mixed effect model comparisons for accuracy in the Recognition 
Memory task. Separate models were fitted for analyses by run and presentation format. Fixed 
effect parameter estimates, standard error (SE), z-values, and Chi-squared and p-values from 
likelihood ratio tests are reported. The maximal models were structured as follows: Dependent 
variable ~ 1 + Code 1 + Code 2 + (1 | Items) + (1 + Code 1 + Code 2 | Subjects). Run (code1) 
was deviation-coded with Run 1 as 1/3, Run 2 as 1/3, and Run 3 as -2/3, and Run (code 2) 
was deviation-coded with Run 1 as 1/2, Run 2 as -1/2, and Run 3 as 0. Format (code 1) was 
deviation-coded with Listening as 1/3, Reading as 1/3, RSVP as -2/3, and Format (code 2) 
was deviation-coded with Listening as 1/2, Reading as -1/2, and RSVP as 0. 

Model Predictor  β SE z χ2 p   

By run Intercept 0.86 0.27 3.2       

 Run    0.12 0.941   

  Run (code 1) -0.04 0.17 -0.26    

  Run (code 2) -0.06 0.21 -0.28      

        

By 
presentation 
format 

Intercept 0.88 0.28 3.2       

 Format    16.32 0.0003 * 

  Format (code 1) -0.02 0.18 -0.11    

  Format (code 2) -0.09 0.19 -4.87 
 

    

                
 *Statistically significant at α = .05   

 

Table 5.5 Pairwise comparisons for accuracy in the Recognition Memory task. Separate 
models were fitted for each comparison. Fixed effect parameter estimates, standard error 
(SE), z-values, and Chi-squared and p-values from likelihood ratio tests are reported. The 
maximal models were structured as follows: Dependent variable ~ 1 + Format + (1 | Items) + 
(1 + Format | Subjects) 

Model Predictor  β SE z χ2 p   

Listening vs Reading Intercept 0.85 0.28 3.06    

 Format -0.88 0.18 -4.84 15.81 <.001 * 

        

Listening vs RSVP Intercept 0.65 0.28 2.37       

 Format -0.47 0.19 -2.45 5.04 0.025 ˥ 

        

Reading vs RSVP Intercept 1.12 0.29 3.92       

 Format -0.42 0.19 -2.2 4.06 0.044 ˥ 

                
 ˥Statistically significant at α = .05 

*Statistically significant at Bonferroni-corrected α = .025 
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A.1.2 Results from the Disambiguation task 

Table 5.6 Results from linear and logit mixed effect model comparisons for accuracy and 
reading time in the Explicit Disambiguation task. Separate models were fitted for each 
dependent variable. Fixed effect parameter estimates, standard error (SE), z- and t-values, 
and Chi-squared and p-values from likelihood ratio tests are reported. The maximal models 
were structured as follows: Dependent variable ~ 1 + Ambiguity + (1 | Items) + (1 + Ambiguity 
| Subjects)  

Model Predictor  β SE t χ2 p   

Reading time Intercept 0.43 0.02 20.94       

  Ambiguity -0.03 0.01 -2.43 5.33 0.021 * 

        

   β SE z χ2 p   

Accuracy Intercept 3.99 0.45 8.94       

  Ambiguity 1.91 0.77 2.47 7.72 0.006 * 

        
*Statistically significant at α = .05   

 

Table 5.7 Results from logit mixed effect model comparisons for Ambiguous trials in the 
Explicit Disambiguation task. Separate models were fitted for analyses by run and presentation 
format. Fixed effect parameter estimates, standard error (SE), z-values, and Chi-squared and 
p-values from likelihood ratio tests are reported. The maximal models were structured as 
follows: Dependent variable ~ 1 + Code 1 + Code 2 + (1 | Items) + (1 + Code 1 + Code 2 | 
Subjects). Run (code1) was deviation-coded with Run 1 as 1/3, Run 2 as 1/3, and Run 3 as -
2/3, and Run (code 2) was deviation-coded with Run 1 as 1/2, Run 2 as -1/2, and Run 3 as 0. 
Format (code 1) was deviation-coded with Listening as 1/3, Reading as 1/3, RSVP as -2/3, 
and Format (code 2) was deviation-coded with Listening as 1/2, Reading as -1/2, and RSVP 
as 0. 

Model Predictor  β SE z χ2 p   

Accuracy on 
Ambiguous trials 

Intercept 3.02 0.33 9.19    

 Run    1.59 0.451  

  Run (code 1) -0.25 0.27 -0.92     

  Run (code 2) -0.27 0.28 -0.97      

        

Accuracy on 
Ambiguous trials 

Intercept 2.89 0.42 6.9       

 Format    1.06 0.588  

  Format (code 1) -0.37 0.38 -0.95     

  Format (code 2) -0.17 0.4 -0.43      

        
*Statistically significant at α = .05   
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A.1.3 Results from the whole-brain analysis 

Table 5.8 Contrasts of intelligible > unintelligible stimuli. 

Location Cluster 
size 

Peak-level 
p (unc.) 

Z-score MNI 

x y z 

Intelligible Listening stimuli > rotated 
speech 

      

left temporal pole (BA 38) 753 < .001 5.48 -53 8 -14 

right temporal pole (BA 38) 272 < .001 4.88 53 18 -24 

left premotor cortex (BA 6) 79 < .001 4.65 -53 2 46 

       

Intelligible Reading stimuli > whole-sentence 
false font 

     

left premotor cortex (BA 6) 153 < .001 5.34 -50 -2 46 

left temporal pole (BA 38) 855 < .001 5.24 -50 11 -18 

hippocampus 65 < .001 5.14 -24 -27 -8 

right primary visual area 680 < .001 5.05 11 -82 5 

isthmus of cingulate gyrus (BA 30) 51 < .001 4.04 -11 -43 5 

       

Intelligible RSVP stimuli > RSVP false 
font 

      

left MTG (BA 21) 1366 < .001 5.35 -56 -46 8 

left premotor cortex (BA 6) 128 < .001 4.93 -50 2 46 

right inferior frontal gyrus, p. orbitalis 
(BA 47) 

51 < .001 4.36 33 30 -2 

right posterior STG (BA 22) 137 < .001 4.33 53 -2 -11 

left premotor cortex (BA 6) 56 < .001 4.07 -5 5 62 

 

Table 5.9 Contrasts of Ambiguous > Unambiguous stimuli. 

Location Cluster 
size 

Peak-level 
p (unc.) 

Z-score MNI 

x y z 

Listening 
      

left IFG triangularis (BA 45) 12 .001 3.24 -56 30 14 

left fusiform/ITG (BA 37) 10 .001 3.21 -47 -50 -14 

left cerebral white matter near MFG 10 .002 2.89 -27 5 30 

       

Reading 
      

left MFG/IFG triangularis (BA 46) 571 < .001 4.69 -50 43 8 

left IFG triangularis (BA 45) 
 

< .001 4.58 -53 30 11 

left IFG opercularis (BA 44) 
 

< .001 4.58 -47 11 27 

right anterior/lateral orbital gyrus (BA 
47) 

41 < .001 4.22 33 40 -11 

right posterior orbital gyrus (BA 47) 
 

.001 3.06 27 30 -11 

right supplementary motor cortex (BA 
8) 

76 < .001 4.02 5 24 53 

left SFG (BA 8) 
 

< .001 3.45 -8 27 50 

left ITG 56 < .001 3.99 -47 -43 -14 
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left MTG (BA 21) 
 

< .001 3.62 -56 -37 -11 

left hippocampus 20 < .001 3.9 -24 -34 -5 

right caudate 25 < .001 3.85 8 8 18 

right MFG 129 < .001 3.65 56 37 21 

right precentral gyrus 
 

< .001 3.3 62 14 30 

right IFG opercularis/MFG 
 

.001 3.17 59 24 27 

left STG/MTG (BA 22) 10 .001 3.19 -50 -27 -2 

left STG/MTG 
 

.002 2.83 -43 -37 2 

left MFG (BA 9) 14 .001 3.09 -47 40 27 

left MFG 
 

.002 2.91 -40 50 27 

right anterior insula/frontal operculum 15 .001 3.08 43 21 -5 

right anterior insula 
 

.001 2.97 33 27 2 

left angular gyrus (BA 39) 12 .002 2.87 -34 -75 46 

left angular gyrus (BA 7) 
 

.002 2.84 -31 -66 50 

       

RSVP 
      

left IFG triangularis/MFG (BA 45) 832 < .001 4.68 -43 24 14 

left MFG/IFG triangularis (BA 46) 
 

< .001 4.29 -47 40 2 

left MFG (BA 6) 
 

< .001 4.05 -40 8 27 

left SFG (BA 8) 103 < .001 3.86 -8 24 56 

left SFG (BA 8) 
 

< .001 3.49 -5 37 43 

right frontal operculum/ IFG triangularis 
(BA 45) 

81 < .001 3.81 43 27 11 

right IFG orbitalis/triangularis (BA 47) 
 

.001 3.18 53 27 -8 

right SFG/IFG triangularis (BA 9) 
 

.003 2.75 59 27 11 

right caudate 31 < .001 3.77 17 8 11 

left MTG (BA 21) 56 < .001 3.3 -53 -14 -18 

left MTG (BA 21) 
 

.001 3.02 -47 -2 -24 

left cerebral white matter near planum 
polare/MTG/fusiform 

.001 3 -43 -14 -18 

left MTG/STG (BA 21) 51 .001 3.3 -56 -34 2 

left MTG/STG (BA 21) 
 

.002 2.94 -56 -46 8 

left STG (BA 22) 
 

.005 2.59 -56 -24 -2 

right MFG (BA 8) 22 .001 3.23 40 14 56 

right MFG (BA 8) 
 

0.001 3.21 46 14 50 

left angular gyrus (BA 39) 11 .002 2.95 -47 -53 50 

 

 

 

 

 

 

 

 

 



BLOTT (2019): DOWN THE GARDEN-PATH AND BACK AGAIN 

334 
 

A.2 Experiment 2 

A.2.1 Comprehension outcomes 

Table 5.10 Results from logit mixed effect model comparisons for accuracy in the Meaning 
Coherence Judgement task. Fixed effect parameter estimates, standard error (SE), z-values, 
and Chi-squared and p-values from likelihood ratio tests are reported. The maximal models 
were structured as follows: Dependent variable ~ 1 + Ambiguity + Code 1 + Code 2 + Ambiguity 
: Code 1 + Ambiguity : Code 2 + (1 | Items) + (1 + Ambiguity + Code 1 + Code 2 + Ambiguity 
: Code 1 + Ambiguity : Code 2 | Subjects). Format (code 1) was deviation-coded with Listening 
as 1/3, Reading as 1/3, RSVP as -2/3, and Format (code 2) was deviation-coded with Listening 
as 1/2, Reading as -1/2, and RSVP as 0.  

Model Predictor  β SE z χ2 p   

Accuracy Intercept 2.54 0.15 17.5       

 Ambiguity 1.9 0.09 21.23 219.54 <.001 * 

 Format    12.09 0.002 * 

 Format (code 1) 0.3 0.09 3.35    

 Format (code 2) -0.19 0.11 -1.8      

 Ambiguity x Format    2.18 0.336   

 Ambiguity x Format 
(code 1) 

-0.04 0.19 -0.21    

 Ambiguity x Format 
(code 2) 

-0.32 0.22 -1.43       

        
*Statistically significant at α = .05  

 

Table 5.11 Results from pairwise comparisons of accuracy in the Meaning Coherence 
Judgement task. Separate models were fitted for each comparison. Fixed effect parameter 
estimates, standard error (SE), z-values, and Chi-squared and p-values from likelihood ratio 
tests are reported. The maximal models were structured as follows: Dependent variable ~ 1 + 
Ambiguity + Format + Ambiguity : Format + (1 | Items) + (1 + Ambiguity + Format + Ambiguity 
: Format | Subjects). Format was deviation-coded with Listening as 0.5, and Reading as -0.5 
(Listening vs Reading), with Listening as 0.5, and RSVP as -0.5 (Listening vs RSVP), and with 
Reading as -0.5, and RSVP as 0.5 (Reading vs RSVP). For the comparison of Reading vs 
RSVP, correlations between random effects were removed from the models due to 
convergence issues. 

Model Predictor  β SE z χ2 p   

Listening vs 
Reading 

Intercept 2.66 0.15 17.43 
  

 

  Ambiguity 1.91 0.11 17.43 192.83 <.001 * 

  Format -0.19 0.11 -1.75 2.94 0.087   

  Ambiguity x Format -0.33 0.23 -1.47 2.08 0.149   

        

Listening vs 
RSVP 

Intercept 2.41 0.14 17.28       

 Ambiguity 1.8 0.11 16.87 165.89 <.001 * 

 Format 0.22 0.09 2.3 4.41 0.036 ˥ 

 Ambiguity x Format -0.16 0.2 -0.83 0.69 0.406   
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Reading vs 
RSVP 

Intercept 2.45 0.15 16.79       

 Ambiguity 1.76 0.09 19.9 183.25 <.001 * 

 Format -0.37 0.08 -4.78 22.45 <.001 * 

 Ambiguity x Format -0.08 0.18 -0.45 0.19 0.661   

                
˥Statistically significant at α = .05 

*Statistically significant at Bonferroni-corrected α = .025 
 

 

A.2.2 Response time 

Table 5.12 Results from linear mixed effect model comparisons for response time in the 
Meaning Coherence Judgement task. Fixed effect parameter estimates, standard error (SE), 
t-values, and Chi-squared and p-values from likelihood ratio tests are reported. The maximal 
models were structured as follows: Dependent variable ~ 1 + Ambiguity + Code 1 + Code 2 + 
Ambiguity : Code 1 + Ambiguity : Code 2 + (1 | Items) + (1 + Ambiguity + Code 1 + Code 2 + 
Ambiguity : Code 1 + Ambiguity : Code 2 | Subjects). Format (code 1) was deviation-coded 
with Listening as 1/3, Reading as 1/3, RSVP as -2/3, and Format (code 2) was deviation-coded 
with Listening as 1/2, Reading as -1/2, and RSVP as 0.  

Model Predictor  β SE t χ2 p   

Response 
time 

Intercept 2.97 0.01 251.75 
      

  Ambiguity -0.08 0.004 -18.05 151.85 <.001 * 

 Format    135.36 <.001 * 

  Format (code 1) 0.01 0.01 1.03    

  Format (code 2) 0.13 0.01 16.5      

 Ambiguity x Format    50.75 <.001 * 

  Ambiguity x Format 
(code 1) 

0.04 0.01 4    

  Ambiguity x Format 
(code 2) 

-0.06 0.01 -6.59 
      

        
˥Statistically significant at α = .05   

 

 

Table 5.13 Results from linear mixed effect model comparisons for response time in the 
Meaning Coherence Judgement task per presentation format. Separate models were fitted for 
each presentation format. Fixed effect parameter estimates, standard error (SE), t-values, and 
Chi-squared and p-values from likelihood ratio tests are reported. The maximal models were 
structured as follows: Dependent variable ~ 1 + Ambiguity + (1 | Items) + (1 + Ambiguity  | 
Subjects)  

Model Predictor  β SE t χ2 p   

Listening Intercept 3.03 0.01 249.4    

 Ambiguity -0.1 0.01 -13.91 111.25 <.001 * 

        
Reading Intercept 2.9 0.01 247.97       

 Ambiguity -0.03 0.01 -4.81 21.44 <.001 * 
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RSVP Intercept 2.96 0.02 194.75       

 Ambiguity -0.1 0.01 -13.76 110.2 <.001 * 

        

˥Statistically significant at α = .05 
*Statistically significant at Bonferroni-corrected α = .025 

 

 

 

Table 5.14 Results from pairwise comparisons of response time in the Meaning Coherence 
Judgement task. Separate models were fitted for each comparison. Fixed effect parameter 
estimates, standard error (SE), t-values, and Chi-squared and p-values from likelihood ratio 
tests are reported. The maximal models were structured as follows: Dependent variable ~ 1 + 
Ambiguity + Format + Ambiguity : Format + (1 | Items) + (1 + Ambiguity + Format + Ambiguity 
: Format | Subjects). For the comparison of Listening vs Reading, correlations between 
random effects were removed from the models due to convergence issues. The table also 
contains the results from pairwise comparisons across presentation formats for Ambiguous, 
and for Unambiguous trials only. These models were structured as follows: Dependent 
variable ~ 1 + Format + (1 | Items) + (1 + Format | Subjects). Format was deviation-coded with 
Listening as 0.5, and Reading as -0.5 (Listening vs Reading), with Listening as 0.5, and RSVP 
as -0.5 (Listening vs RSVP), and with Reading as -0.5, and RSVP as 0.5 (Reading vs RSVP). 

Model  Predictor  β SE t χ2 p   

Listening vs 
Reading 

 
Intercept 2.97 0.01 267.65 

  
 

   Ambiguity -0.06 0.01 -12.61 97.42 <.001 * 

    Format 0.13 0.01 16.35 133.88 <.001 * 

    Ambiguity x Format -0.06 0.01 -6.93 43.03 <.001 * 

 Ambiguous trials only 

  Intercept 3 0.01 226.81       

   Format 0.17 0.01 18.26 148.87 <.001 * 

 Unambiguous trials only 

  Intercept 2.94 0.01 255.31       

   Format 0.1 0.01 11.23 83.34 <.001 * 
         

Listening vs 
RSVP 

 
Intercept 3 0.01 237.57      

  Ambiguity -0.1 0.01 -19.23 162.50 <.001 * 

   Format 0.1 0.01 10.46 75.75 <.001 * 

   Ambiguity x Format 0.004 0.01 0.41 0.17 0.681   

 Ambiguous trials only 

  Intercept 3.05 0.02 202.85       

   Format 0.07 0.01 8.21 51.92 <.001 * 

 Unambiguous trials only 

  Intercept 2.95 0.01 223.8       

   Format 0.08 0.01 9.07 61.27 <.001 * 

         

Reading vs 
RSVP 

 
Intercept 2.93 0.01 233.68       

  Ambiguity -0.07 0.01 -13.44 108.91 <.001 * 

   Format 0.06 0.01 9.04 60.46 <.001 * 

   Ambiguity x Format -0.07 0.01 -6.66 38.49 <.001 * 
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 Ambiguous trials only 

  Intercept 2.97 0.01 219.75       

   Format 0.1 0.01 10.63 76.71 <.001 * 

 Unambiguous trials only 

  Intercept 2.9 0.01 214.39       

   Format 0.03 0.01 3.9 14.22 <.001 * 

                 
 *Statistically significant at Bonferroni-corrected α = .025   
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The present thesis investigated factors that contribute to successful and efficient 

recovery from misinterpretations in semantic garden-path sentences. This goal was 

pursued by probing both on-line sentence processing, and the outcome of 

interpretation processes in a series of experiments using different behavioural 

methods and neuroimaging. Table 6.1 provides a summary of the results from the 

present experiments. The work reported in this thesis makes meaningful theoretical 

and methodological contributions to the field of psycholinguistics, and raises some 

important questions for future research, which are discussed in the following.

6. Discussion 
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Table 6.1 Summary of the experiments reported in this thesis, and their main results. 

Chapter 2 3 4 5 
    Exp 1 Exp 2 

Research 
question 

What characteristics make a 
reader an effective and 
efficient “reinterpreter”?  
 

What processing mechanisms or 
reading strategies are used by 
successful reinterpreters? 
 

Do individual differences in 
garden-path recovery depend on 
the type of task that needs to be 
performed?  

Do garden-path effects depend on the 
processing strategies that are available to 
comprehenders?  

Presentation 
format 

Word-by-word “rolling” 
presentation 

Whole-sentence reading Self-paced phrase-by-phrase 
reading in a moving-window 
paradigm 

Listening; whole-sentence Reading; RSVP 

Task Meaning Coherence 
judgement 

Meaning Coherence judgement Meaning Coherence judgement 
vs No-Task 

No task Meaning Coherence 
judgement 

Example 
sentence 

“The article reported that the 
plant had been very difficult 
to build.” 

“The newspaper reported that 
the / plant / had been very 
difficult to / build / from the / 
start.” 

“The news / reported that / the / 
plant / had been / very difficult / to 
/ build / from the / start.” 

“The article reported that the plant had 
been very difficult to build.” 

Comprehension 
outcomes 
 

Consistent group-level 
garden-path effect of about 
16% in accuracy.  
 
Smaller garden-path effect 
for older adults due to better 
comprehension of 
Ambiguous sentences 
(perhaps due to speed-
accuracy trade-off). 

Consistent group-level garden-
path effect of about 28% in 
accuracy.  
 

Consistent group-level garden-
path effect of about 27% in 
accuracy. 

- Consistent group-
level garden-path 
effect of about 15-
18% in accuracy. 
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Processing 
costs 

Group-level garden-path 
effect of about 300 ms.  
 
Greater garden-path effect 
for readers with greater 
vocabulary knowledge due to 
faster processing of 
Unambiguous sentences. 

Group-level garden-path effects 
in the form of regressions out of 
Spill-over and Wrap-up regions, 
and re-reading of Main Noun 
and Disambiguating regions. 
 
Greater garden-path effect of 
regressions out of Spill-over 
region for readers with greater 
vocabulary knowledge due to 
greater effect of vocabulary in 
the Ambiguous sentences. 

Group-level garden-path effects at 
the Spill-over and Wrap-up 
regions.  
 
Greater garden-path effect in the 
Spill-over region in the Task 
compared to the No-Task 
condition.  
 
No effects of vocabulary 
knowledge on magnitude of 
garden-path effects. 

Group-level 
garden-path effects 
in BA 45 and BA 47 
of left IFG.  
 
Greater garden-
path effects in 
RSVP condition 
compared to 
Listening and 
Reading.   

Group-level garden-
path effects in 
Listening, Reading 
and RSVP, but 
greater garden-path 
effects (about 260-
290 ms) for Listening 
and RSVP compared 
to Reading (about 90 
ms). 
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6.1 Comprehension outcomes for semantic garden-paths 

 

Consistent with the “good enough” approach to language processing and the idea of 

persistent misinterpretations, the results from the present experiments have 

confirmed that readers do not always successfully reinterpret semantic garden-paths 

such as “The newspaper reported that the plant had been very difficult to build from 

the start” (e.g. Christianson, 2016; Christianson et al., 2001; Ferreira, 2003; Ferreira 

& Patson, 2007). In all experiments where comprehension accuracy was explicitly 

probed, semantic garden-path sentences (the Ambiguous condition) were 

consistently associated with lower accuracy rates than their matched control 

sentences (the Unambiguous condition).  

 

These garden-path-related reductions in accuracy varied between 15 – 28% 

across experiments. There were thus some indications of effects of different task 

demands on “garden-path” effects; however, the observation of significant “garden-

path” effects for both a Meaning Coherence Judgement task, and a more explicit 

probe of meaning selection in the Explicit Disambiguation task reported in Chapter 5, 

suggests that good-enough processing of semantic garden-paths was not restricted 

to the Meaning Coherence Judgement task, in which such processing was licensed 

due to the presence of semantically anomalous sentences. It is important to note that 

participants encountered the semantic garden-path sentences for the second time in 

the Explicit Disambiguation task. The present data do not allow for direct comparisons 

of “garden-path” effects on comprehension across different comprehension 

measures; future research is therefore needed to investigate the effects of different 

task demands or task difficulty on comprehension outcomes of sentences that require 

reinterpretation (see e.g. Cooper, 2017; Gilbert et al., 2019; Swets et al., 2008).  
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The effect of garden-paths on comprehension accuracy was similar across 

different presentation formats: from the “rolling” RSVP paradigm in Chapter 2, and 

whole-sentence presentation in Chapter 3, to a moving-window self-paced reading 

paradigm in Chapter 4. An explicit test of the effect of presentation format in Chapter 

5 revealed garden-path effects on comprehension accuracy of similar magnitude 

across the tested listening, whole-sentence reading, and RSVP formats. The 

tendency to engage in such shallow processing may have varied slightly depending 

on the presentation or task format, as suggested by the variable detriment to 

comprehension accuracy (between 15 and 28%) compared to Unambiguous 

sentences. Across experiments, however, I found consistent evidence that readers 

engage in good-enough processing of semantic garden-paths. 

 

Although distributions of “garden-path” effects in the outcome of 

comprehension processes suggested that there may be some inter-individual 

variability in their magnitude, only one of the experiments reported in this thesis found 

systematic effects of individual differences in lexical expertise or cognitive skill on 

these “garden-path” effects to comprehension outcomes. Chapter 2 suggested that 

older adults tended to achieve higher comprehension accuracy especially for 

semantic garden-paths compared to younger adults (see also Evans et al., 2015). 

However, it remains unclear whether the age-related reduction in garden-path effects 

on comprehension accuracy was driven by a speed-accuracy trade-off, or genuine 

differences in the ability to recover from misinterpretations across age groups. 

Intriguingly, Chapter 2 also found a trend towards greater vocabulary knowledge 

offering specific benefits to comprehension accuracy in Ambiguous rather than 

Unambiguous sentences, in line with previous research (Engelhardt et al., 2017), and 

theoretical accounts of individual differences in language processing that assume that 

individual differences are mainly driven by experience-related variables (e.g. Farmer 

et al., 2012; MacDonald & Christiansen, 2002; Perfetti & Stafura, 2014; Twilley & 
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Dixon, 2000). The consequences of these results for theories of language processing 

are discussed in section 6.3. 

 

In contrast to Chapter 2, vocabulary effects on the accuracy of Meaning 

Coherence judgements were not statistically significant in the eye-tracking study 

reported in Chapter 3, and not consistent across the different analyses performed on 

the self-paced reading data in Chapter 4. Explanations for this discrepancy may lie in 

the participant populations tested, and the processing strategies available to readers 

in different paradigms. The experiment in Chapter 2 recruited from a diverse pool of 

participants, and data collection was done online, while Chapter 3 tested a 

comparatively more constrained pool of participants from a university population in 

the lab. The advantages of greater vocabulary knowledge on reading comprehension 

outcomes may be more evident in a sample of more diverse readers that naturally 

contains more variability in reading skill, as was the case in Chapter 2. One difference 

between the experiments presented in Chapter 2 and 4 was that readers in Chapter 

2 were able to freely re-read previously fixated parts of the sentence, while such re-

reading was not possible in the self-paced moving window paradigm used in Chapter 

4. The results may therefore suggest that benefits of vocabulary knowledge on the 

comprehension of semantic garden-paths may emerge only when readers can rely 

on overt re-reading to aid reinterpretation. Alternatively, there may be differences in 

reading behaviour related to the experimental environment; for example, participants 

in a web-based study (Chapter 2) may be more inclined to follow a shallow processing 

strategy than participants who know that there is an experimenter in the room with 

them (Chapter 3). It could therefore be argued that the web-based study investigated 

sentence processing under more naturalistic conditions. Future research is necessary 

to explore in more detail the conditions under which vocabulary knowledge affects 

comprehension outcomes.  

 



BLOTT (2019): DOWN THE GARDEN-PATH AND BACK AGAIN 

345 
 

6.2 Processing costs of semantic garden-paths 

 

In line with previous research, the present experiments showed that getting back up 

the garden-path in sentences like “The newspaper reported that the plant had been 

very difficult to build from the start” involves processing costs to response time, 

reading time, and neural resources (e.g. Duffy et al., 1988; Ferreira & Clifton, 1986; 

Rayner & Duffy, 1986; Rodd et al., 2005; Rodd et al., 2010). When comprehension 

probes indicated that participants had successfully recovered from an initial 

misinterpretation in a semantic garden-path sentence, response times in a Meaning 

Coherence Judgement task were longer for the correctly reinterpreted Ambiguous 

sentences compared to correctly interpreted Unambiguous sentences (see Chapter 

2, and Experiment 2 in Chapter 5). More specifically, on-line sentence processing 

data from Chapters 3 and 4 revealed reinterpretation-related processing costs at the 

sentence region that immediately followed the disambiguating information (Spill-over 

region, e.g. “from the”), and the sentence-final region (Wrap-up region, e.g. “start”). 

The present findings are therefore in line with the literature. As reported by Duffy, 

Morris, and Rayner (1988), reading times for unbalanced ambiguous words presented 

with neutral prior context were found not to differ significantly from reading times for 

matched unambiguous words. Differences in on-line reading behaviour between 

Ambiguous and Unambiguous sentences emerged only after encounter of the 

disambiguating information. These results are consistent with readers initially 

selecting the dominant meaning of the ambiguous word, being led down a garden-

path, and then detecting a violation to sentence-meaning coherence and making 

attempts at reinterpretation. In the present experiments (Chapters 3 and 4), evidence 

of processing difficulty (i.e. due to the detection of a coherence violation) was not 

found at the Disambiguating region itself, but only at the adjacent Spill-over region. 

This finding was consistent across the two experiments that used methods to 



BLOTT (2019): DOWN THE GARDEN-PATH AND BACK AGAIN 

346 
 

investigate on-line processing, and suggests that the processing of the 

disambiguating information carried over into the neighbouring region, perhaps 

because the Disambiguating region consisted only of a single word (e.g. “build”), and 

saccades or motor commands to initiate button presses were initiated before full 

processing of the region could take place.  

 

Importantly, the present experiments showed that the magnitude of the 

cognitive and neural processing costs associated with semantic garden-paths is 

significantly modulated by the processing demands of the task and presentation 

format. Results from the self-paced reading paradigm reported in Chapter 4 

suggested that garden-path effects on reading time of the Spill-over region (e.g. “from 

the”) were greater in the condition where readers had to make a Meaning Coherence 

judgement about the sentences compared to a condition without an explicit task. In 

contrast, garden-path effects in the sentence-final region were observed in both the 

Task and No-Task condition, indicating that readers did eventually engage in 

reinterpretation in both conditions. The results suggest that the presence of a specific 

comprehension task altered reading behaviour during on-line processing, such that 

violations to sentence coherence were detected at an earlier point in the sentence. 

The context of the Meaning Coherence Judgement task may thus have increased 

readers’ sensitivity to such coherence violations (see e.g. Mistler-Lachman, 1975; 

Swets et al., 2008). This finding complements the results from comprehension 

accuracy, which showed that readers did not always engage in reinterpretation in this 

task.  

 

Addressing the question of whether garden-path effects depend on the 

processing strategies that are available to comprehenders, Experiment 2 in Chapter 

5 revealed that the Listening and RSVP format were associated with garden-path 

effects to response times of comparable magnitude (about 260 – 290 ms), and similar 
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to the word-by-word “rolling” presentation used in Chapter 2 (about 300 ms). However, 

garden-path effects in the whole-sentence Reading condition were significantly 

smaller (about 90 ms). The presentation format in which participants encounter 

sentences, and thus the time point of measurement of response times, affected the 

magnitude of observed garden-path effects. One explanation for this finding is that 

the whole-sentence format comes with advantages for processing; in particular, the 

format allows readers to re-fixate on previous parts of the sentence to aid their 

reinterpretation efforts, or they can complete reinterpretation processes more quickly 

due to the availability of the whole sentence as an external working memory buffer 

(Frazier & Rayner, 1982; Meseguer et al., 2002; Rayner & McConkie, 1976; Schotter 

et al., 2014; White et al., 2017). The idea that re-reading may be a processing strategy 

specifically associated with reinterpretation is corroborated by the results from the 

eye-tracking data in Chapter 3, which showed that processing costs for semantic 

garden-paths were also evident in the form of regressive eye movements back to prior 

sentence content, and longer dwell times on earlier sentence portions during a 

second-pass through the sentence (see also e.g. Ferreira & Clifton, 1986; Ferreira & 

Henderson, 1991; Frazier & Rayner, 1982). In addition, the investigation of neural 

garden-path effects in Experiment 1 in Chapter 5 revealed that the whole-sentence 

Reading condition was associated with significantly smaller effects of Ambiguity in left 

IFG compared to the RSVP condition. Although it is difficult to make inferences about 

reinterpretation in this study because it did not involve a probe of comprehension 

outcomes, the results tentatively suggest that the greater working memory demands 

associated with sentence-level integration (or “binding”) of meanings in the RSVP 

format required greater neural resources for reinterpretation, while a physical re-

reading strategy that was available in the whole-sentence Reading condition may 

alleviate such demands on neural resources.  
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The experiments reported in this thesis also provided evidence that individual 

differences in lexical expertise (i.e. a reader’s knowledge of words and their meanings, 

and experience with written language) influence the magnitude of reinterpretation-

related processing costs. Readers with greater vocabulary knowledge showed 

exaggerated garden-path effects on their response times in Chapter 2, and on their 

on-line reading behaviour in Chapter 3 (see also MacDonald, Just, & Carpenter, 1992, 

and Pearlmutter & MacDonald, 1995, for similar results for readers with high working 

memory scores). In Chapter 2, greater vocabulary knowledge seemed to be 

particularly beneficial for the efficient generation of sentence-level meaning 

representations for Unambiguous sentences, while there were no effects of 

vocabulary on response times for semantic garden-paths. Although speculative, one 

explanation for these results is that readers with greater vocabulary knowledge may 

have only needed a single pass through the sentence to build up a coherent sentence-

level meaning representation of Unambiguous sentences but required additional time 

(e.g. for re-reading) for the Ambiguous sentences, just like readers with comparatively 

lower vocabulary scores. However, low-vocabulary readers may have needed to 

engage in re-reading even for the less complex Unambiguous sentences, leading to 

a reduction in the garden-path effect. In fact, results from the eye-tracking data in 

Chapter 3 revealed that vocabulary knowledge significantly altered re-reading 

behaviour. Here, it was found that readers with greater vocabulary knowledge were 

able to adapt their reading behaviour on-line, and trigger overt re-reading procedures 

for the recovery from garden-paths comparatively early on in the sentence. Greater 

vocabulary knowledge thus seemed to allow for greater sensitivity to coherence 

violations during on-line sentence processing.  

 

In contrast to the experiments in Chapters 2 and 3, analyses of self-paced 

reading data in Chapter 4 did not reveal statistically significant effects of vocabulary 

knowledge on on-line reading behaviour. One explanation for this apparent 
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discrepancy in results is that vocabulary-related benefits emerge in re-reading 

behaviour only (see e.g. Kemper, Crow, & Kemtes, 2004, where effects of age on 

garden-path processing only emerged in regressive eye movements). Overt re-

reading was not possible in Chapter 4 as the experiment used a moving-window 

paradigm in which earlier parts of the sentence vanished from view. In the “rolling” 

presentation used in Chapter 2 and the eye-tracking experiment in Chapter 3, 

however, readers were able to re-read previously fixated sentence portions. This 

explanation fits in well with the previously discussed idea that the whole-sentence 

presentation format allows for specific processing advantages for reinterpretation 

because readers are free to engage in physical re-reading.  

 

 

6.3 Theoretical perspective on ambiguity resolution, 

reinterpretation processes, and individual differences 

 

Results from the present experiments have shown that the stimuli that were created 

for the purpose of investigating reinterpretation behaved as expected based on 

models of ambiguity resolution (Duffy et al., 1988; Seidenberg et al., 1982; Twilley & 

Dixon, 2000). Participants were reliably led down the garden-path by these stimuli, 

supporting the idea that the processing system follows a “best guess” strategy for 

dealing with ambiguous words, whereby it settles on the most likely – usually, the 

dominant – meaning (Rodd, 2017).  

 

Further evidence for the use of heuristics during language processing came 

from the consistent finding that reinterpretation processes are costly, and may 

therefore not always be undertaken. These results are consistent with the ”good 

enough” approach to language processing (Christianson, 2016; Christianson et al., 
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2001; Ferreira, 2003; Ferreira et al., 2001; Ferreira & Patson, 2007). In the paradigms 

used in the present experiments, lower comprehension accuracy rates for semantic 

garden-paths compared to matched Unambiguous sentences suggested that 

misinterpretations often linger and are not always resolved. Rather than using 

comprehension questions which might encourage reinterpretation or draw attention 

to the ambiguity manipulation, the present experiments used a Meaning Coherence 

judgement task to probe comprehension (Does this sentence make sense?). Similar 

to the priming and paraphrasing tasks used by Patson and colleagues (2009) and van 

Gompel and colleagues (2006), the Meaning Coherence judgement task probed the 

final interpretation of the ambiguous word rather implicitly. In addition, stimuli for the 

present thesis were semantic rather than syntactic garden-path sentences, thus 

expanding the evidence base for good-enough processing. In summary, 

comprehenders are likely to engage in good-enough processing when the task at 

hand licenses such a strategy.  

 

Importantly, the present thesis strongly suggests that task demands and 

reading goals need to be incorporated into models of sentence processing. Readers 

were found to flexibly adapt their on-line processing behaviour in the presence of a 

task that requires reinterpretation (see Chapter 4). Additionally, the magnitude of 

“garden-path” effects on neural activation and response times in a Meaning 

Coherence Judgement task depended on the format in which sentences were 

presented (Chapter 5), suggesting that sentence processing strategies are highly 

flexible. 

 

The present thesis also has important implications for theories of individual 

differences in language processing. Chapter 2 did not reveal any effects of working 

memory capacity or inhibitory control that specifically pertained to the processing of 

semantic garden-paths. This null finding is at odds with the Capacity Theory proposed 
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by Just and Carpenter (1992), which assumes that high-span readers may have more 

cognitive resources available for the maintenance of multiple interpretations. In 

addition, the present results do not support Waters and Caplan's (1996b) Separate-

Process view of working memory, which would have predicted working memory span 

effects on the accuracy of Meaning Coherence Judgements. Finally, the results also 

do not support a strong role for suppression skills in the recovery from 

misinterpretations as effects of inhibitory control were not specific to semantic garden-

paths (Gernsbacher & Faust, 1991; Gernsbacher et al., 1990). However, it is 

important to note that the measures of working memory capacity and inhibitory control 

used in Chapter 2 were not standardised. It is therefore possible that the present 

measures were unable to capture these constructs adequately. This potential issue 

with individual differences measures in Chapter 2 is discussed further below.  

 

Results from the present experiments suggested that robust knowledge 

structures and their efficient use for on-line processing are pivotal for establishing 

coherent sentence-level meaning representations. Consistent with the Lexical Quality 

Hypothesis, vocabulary knowledge was found to be particularly important for 

reinterpretation processes (Perfetti, 2007; Perfetti & Hart, 2002; Perfetti & Stafura, 

2014). The finding that greater vocabulary knowledge was associated with increased 

sensitivity to coherence violations during processing and allowed readers to adapt 

their reading strategies on-line is in line with cue- or constraint-based theories of 

language processing (Pearlmutter & MacDonald, 1995; Trueswell & Tanenhaus, 

1994; Van Dyke & Lewis, 2003). In particular, the present results support the idea that 

experience with language may strengthen knowledge of probabilistic constraints on 

processing, and the efficiency of their use during on-line processing (MacDonald et 

al., 1994; Pearlmutter & MacDonald, 1995). They are therefore in line with models of 

individual differences that view comprehenders’ experience as crucial in determining 
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the efficiency with which language processing can operate (MacDonald & 

Christiansen, 2002).  

 

A theory of individual differences in the recovery from misinterpretations needs 

to account for the present findings of exaggerated garden-path effects on response 

and reading times for readers with greater vocabulary knowledge. An adapted version 

of the theory discussed by Twilley and Dixon (2000) can explain these results. When 

processing a sentence like “The newspaper reported that the plant had been very 

difficult to build from the start”, high-quality lexical representations allow readers to 

quickly settle on the dominant meaning of “plant” (“botanical organism”), and establish 

a robust sentence-level meaning representation of “The newspaper reported that the 

plant had been very difficult to”. Upon encounter of the disambiguating information 

“build” (and perhaps a bit later, at the Spill-over region), these readers may therefore 

be more sensitive to the associated violation to sentence-level meaning coherence. 

This increased sensitivity means that reinterpretation processes – that rely specifically 

on re-reading of prior sentence content – can be initiated early, leading to exaggerated 

garden-path effects during on-line processing of the disambiguating information and 

for response times on the Meaning Coherence judgement task. Crucially, however, 

when these reinterpretation processes are triggered, they operate both efficiently and 

effectively, meaning that readers with greater vocabulary knowledge do not 

experience the same exaggerated garden-path effects at the level of off-line 

comprehension accuracy. In summary, the present experiments found evidence for 

the “good enough” approach to language processing, and theories that emphasise 

the importance of robust lexical representations for on-line processing. Additionally, 

the results highlight the need for theories of language processing and comprehension 

to take into account differences in processing demands of experimental tasks and 

stimulus presentation formats, and differences in language experience and 

knowledge across individuals.  
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6.4 Methodological contributions 

 

The present work relied on paradigms that allowed the investigation of both on-line 

and off-line aspects of processing. As the results have clearly shown, researchers 

cannot rely on the assumption that their study participants always end up with “perfect 

parses” or detailed sentence-level meaning representation of their stimuli. Instead, it 

is important to probe comprehenders’ ultimate interpretation of sentences, in 

particular when they are garden-paths (cf. Christianson et al., 2001; Ferreira et al., 

2001; Ferreira & Patson, 2007). On the other hand, previous investigations of good-

enough representations have focused on comprehension tasks but only rarely 

concurrently collected on-line processing data (but see e.g. Luke, Henderson, & 

Ferreira, 2015). The present thesis therefore makes an important methodological 

contribution to the field by considering both on-line processing and comprehension 

outcomes simultaneously.   

 

In addition, the experiments presented here provided convergent evidence for 

good-enough processing, and the existence of robust group-level processing costs 

during reading of semantic garden-path sentences using a number of different 

methods. This evidence came from behavioural measurements of task response time 

(Chapter 2 and Experiment 2 in Chapter 5), eye-tracking data (Chapter 3), a self-

paced on-line reading time measure (Chapter 4), and a measure of brain activation 

(Experiment 1 in Chapter 5). The present thesis highlights the importance of 

considering the capabilities but also the processing demands of these methodologies, 

both when designing a study and when interpreting experimental results. For 

example, the fact that the self-paced moving-window reading paradigm does not allow 

for re-reading must be taken into account for experiment planning. Eye-tracking 

instead permits the investigation of language processes that may either require or at 
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least heavily rely on physical re-reading. Although both methodologies are commonly 

used by psycholinguists, these differences also need to be considered when 

interpreting the results from different studies. Similarly, as Chapter 5 has shown, 

RSVP, which is often used instead of whole-sentence reading in neuroimaging 

studies, is associated with particular processing demands that potentially interact with 

the demands of the linguistic material that is presented to participants. It is therefore 

crucial for researchers to make clear how the nature of their method may influence 

language processing. Similarly, the task context needs to be considered. As shown 

in Chapter 4, on-line processing behaviour for the same sentences may differ when 

presented in different tasks.   

 

Another methodological contribution of the present thesis is that evidence for 

good-enough processing, and reinterpretation-related processing costs during 

reading of semantic garden-paths was based on large samples of participants. In total, 

527 native speakers of English participated in the present experiments (N = 139 in 

Chapter 2; N = 96 in Chapter 3; N = 167 (94) in Chapter 4; N = 17 in Experiment 1 

but N = 108 in Experiment 2 in Chapter 5). Most of the results reported in this thesis 

were therefore based on sample sizes that far exceeded what has traditionally been 

considered appropriate for studies in psychology. Large sample sizes were required 

for the investigation of individual differences, and served to reduce the probability of 

Type I error. Additionally, Chapters 2, 4, and Experiment 2 in Chapter 5 also included 

a more diverse sample compared to typical psychology experiments that recruit 

primarily from a university-wide subject pool. This diversification of the participant pool 

was made possible by online data collection. As argued in Chapter 1, well-controlled 

web-based experiments tend to produce high-quality data that is comparable to data 

collected in the lab (e.g. Barnhoorn et al., 2015; de Leeuw & Motz, 2016; Peer et al., 

2017; Reimers & Stewart, 2015). The fact that the web-based experiments reported 

in this thesis (Chapter 2, 4, and Experiment 2 in Chapter 5) produced results that are 
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compatible with those from the lab-based experiments (Chapter 3 and Experiment 1 

in Chapter 5) is encouraging. However, the experiments did not use identical 

paradigms or stimuli; it is therefore a question for future research whether the 

evidence for good-enough processing and processing costs associated with semantic 

garden-paths can be directly replicated across the web and lab.  

 

A further contribution of the present thesis is the incorporation of open science 

practices. Materials, data and code for statistical analyses for all of the experiments 

reported here are available on the Open Science Framework (https://osf.io/g5bhv/), 

allowing other researchers to replicate the present results, and to use the stimuli 

created for these experiments in their own studies. The thesis also includes one 

experiment that was preregistered prior to data collection (Experiment 2 in Chapter 

5). A preregistration document contains information about the study design, and a 

detailed plan for any data exclusions and the statistical analyses. Writing this 

document before data collection meant that I had to be very clear about my 

hypotheses, and how best to test them. The extra time spent carefully considering the 

suitability of my experiment for answering my research questions also meant that I 

could make changes to the design of the study before the start of data collection. 

Writing the preregistration document, however, was not easy, and only realistically 

possible after I had gained some experience in designing similar studies, with similar 

data structures, and similar types of analyses. I believe that the preregistration helped 

me avoid bias in both my statistical analyses and the interpretation of the data. The 

practice is something I want to make part of my scientific “toolkit”, and would 

encourage other researchers to use regularly.  

 

 

 

 

https://osf.io/g5bhv/
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6.5 Future directions  

 

The theoretical and methodological contributions made by the present thesis 

notwithstanding, the experiments reported here also leave open some important 

questions. The following discusses questions about the role of task demands and 

difficulty in the recovery of misinterpretations, and methodological concerns in the 

study of individual differences. 

 

It is plausible, and in fact likely, that the Meaning Coherence Judgement task 

used in the present experiments particularly encouraged the use of a shallow 

processing strategy. The task included semantically anomalous filler items, and 

therefore explicitly required the choice of the “this does not make sense” response 

option for 50% of trials. It therefore permitted comprehenders to cease processing 

prematurely for sentences which did not immediately make sense, i.e. semantic 

garden-paths. Future research is needed to investigate exactly how these particular 

task demands affected comprehension and on-line processing. For example, as 

Mistler-Lachman (1975) suggests, the nature of filler sentences that were included 

may have influenced readers’ tendency to use a deeper or shallower processing 

strategy. Future studies may therefore want to vary a) the amount of nonsensical filler 

sentences, and b) the type of anomalies they contain, in order to investigate the 

effects of stimulus list composition on the recovery from misinterpretations.  

 

A second question for future research is whether the effects found in the 

present experiments can be generalised to more naturalistic reading environments. 

Do readers engage in good-enough processing of semantic garden-paths even when 

they are embedded in longer text passages? Do readers use re-reading as a strategy 

for reinterpretation outside of the context of the Meaning Coherence Judgement task, 
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and, crucially, can the effects of vocabulary knowledge that were found in Chapter 3 

be replicated in an eye-tracking study without this particular task? For example, multi-

sentence passages could be created, in which the ability to integrate sentences with 

preceding context is contingent upon the resolution of an ambiguity in a previous 

sentence. This manipulation would allow researchers to ask comprehension 

questions about the text that follows the semantic garden-path, thus leaving the 

processing of the critical sentence uncontaminated by the effects of comprehension 

questions, while allowing the simultaneous investigation of comprehension outcomes 

and on-line processing.  

 

Another important consideration for future work concerns the differences 

between psychometric and experimental research approaches. Individual differences 

studies are usually based on a correlational approach whereby standardised tasks 

are used to capture different variables, and these variables are then related to each 

other. However, in the language sciences, including psycholinguistics, researchers 

have more often focused on an experimental approach, ignoring any potential 

individual differences in task performance. Tasks that have been developed in the 

psycholinguistic tradition are designed to reveal effects of linguistic processes at the 

group-level, and may therefore not be able to capture stable individual differences 

(Hedge et al., 2018). For example, the test-retest reliability of the Meaning Coherence 

Judgement task that was used in most of the experiments reported in this thesis is 

unknown. As the goal for researchers in psycholinguistics is, ultimately, to establish 

an adequate theory of language processing, careful consideration of the effects of 

individual differences is paramount. The field will therefore need to develop 

appropriate and reliable tasks that can capture individual differences in the processes 

of interest. 
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Relatedly, the experiment reported in Chapter 2 used a traditional 

experimental approach to present the stimuli in the Meaning Coherence Judgement 

task: the order of presentation was randomised. This approach is suitable for 

experimental work, where the goal is to find group-level effects of linguistic variables 

that are not dependent on e.g. specific items or the order in which they are presented. 

However, for individual differences studies, it is important to minimise noise from 

extraneous variables, including the order of stimulus presentation. It is therefore 

recommended that stimuli are not presented in a random order, but in a fixed order 

for each participant (Swets et al., 2007). The experiments reported in Chapter 3 and 

4 follow this recommendation.  

 

In addition to the Meaning Coherence Judgement task, Chapter 2 of this 

thesis, which investigated the role of individual differences in the recovery from 

misinterpretations, also used a variety of tasks to measure individual differences 

variables that were not standardised. For example, although the working memory 

paradigm was based on a standardised task, it needed to be adapted for use in a 

web-based study without the presence of an experimenter. Similarly, the test-retest 

reliability of the inhibitory control measure used in this experiment has not been 

established. There is currently a trend in psychology research towards online data 

collection as web-based studies allow the recruitment of larger and more diverse 

participant samples. It is therefore important for researchers interested in language 

processing and individual differences to develop psychometric tests that are 

standardised, can be used without an experimenter present, and are freely available 

for web-based research.  

 

Another important goal for further investigations into individual differences in 

the recovery from misinterpretations, or language processing more generally, is the 

inclusion of multiple measures for each individual differences construct in order to 
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reduce measurement error (Cronbach 1957). As the experiment in Chapter 2 included 

a large number of tasks already, and participants may be reluctant to take part in an 

experiment longer than about half an hour, I decided to use only a single measure for 

each individual differences construct. However, future studies could use a multi-

session experiment, allowing participants to return to the study over a pre-specified 

amount of time, to be able to use more measures per construct, and establish a more 

detailed picture of the nature of individual variation in reinterpretation, using statistical 

approaches such as latent variable analysis and structural equation modelling. 

 

 

6.6 Conclusions 

 

Language comprehension is not as simple a task as it may seem. Misinterpretations 

are common, and their resolution associated with resource-intensive reinterpretation 

processes. The present thesis investigated the factors that contribute to successful 

and efficient recovery from misinterpretations in semantic garden-path sentences 

such as “The plant had been difficult to build”. Results from five experiments 

suggested that a) the ability to physically re-read previously fixated portions of a 

sentence is important for the recovery from misinterpretations during reading, b) high-

quality lexical representations are associated with greater sensitivity to errors  

on-line, and thus allow readers to initiate reinterpretation processes comparatively 

early during processing, and c) this sensitivity may also be affected by the processing 

demands of the task. For researchers, it is therefore important to consider the 

processing demands of the task with which sentence processing is investigated, and 

the presentation format in which sentences are presented to research participants. 

For all of us who read, the present thesis has shown that greater experience with 
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written material and the associated cultivation of robust lexical representations may 

allow us to develop greater efficiency in the recovery from misinterpretations.    
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8.1 Chapter 2: Stimuli 

Table 8.1 Stimulus list and characteristics for the Meaning Coherence Judgement task reported in Chapter 2. Ambiguous word dominance scores were based 
on pilot testing (for details see Chapter 1, 5.1.1 Stimulus design), and indicate the proportion of pilot participant responses in a word association task that were 
consistent with the dominant meaning of the ambiguous word. The single-word score was based on presentation of the ambiguous word in isolation, while the 
in-context score was based on presentation of the whole sentence without the final word. Conditions: Amb. = Ambiguous, Anom. = Anomalous fillers, Mean. = 
Meaningful experimental stimuli, Unamb. = Unambiguous; Freq. = lemma frequency (based on CELEX lexical database, Baayen et al., 1995); Syll. = syllables. 

Item 
 

Sentence Condition   Main noun Final word 

Dominance 
(single word) 

Dominance 
(in context) 

Freq. Letters  
(N) 

Syll. 
(N) 

Freq. Letters  
(N) 

Syll. 
(N) 

ace The man knew that one more ace might be 
enough to win the tennis. 

Mean. Amb. 0.88 0.78 5 3 1 22 6 2 

ace The man knew that one more sprint might be 
enough to win the contest. 

Mean. Unamb. 0.88 0.78 4 6 1 16 7 2 

ace The man knew that one more ace might be 
enough to win the bunion. 

Anom. Amb. 0.88 0.78 5 3 1 0 6 2 

ace The man knew that one more sprint might be 
enough to win the teacher. 

Anom. Unamb. 0.88 0.78 4 6 1 162 7 2 

band Sarah wasn't convinced that the band would 
really suit her hat. 

Mean. Amb. 0.70 0.84 47 4 1 68 3 1 

band Sarah wasn't convinced that the soil would really 
suit her seeds. 

Mean. Unamb. 0.70 0.84 54 4 1 49 4 1 

band Sarah wasn't convinced that the band would 
really suit her jetty.  

Anom. Amb. 0.70 0.84 47 4 1 3 5 2 
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band Sarah wasn't convinced that the soil would really 
suit her facts. 

Anom. Unamb. 0.70 0.84 54 4 1 571 4 1 

bank The old man headed for the bank but he had a 
long way to swim. 

Mean. Amb. 0.84 0.95 177 4 1 56 4 1 

bank The old man headed for the phone but he had a 
long way to crawl. 

Mean. Unamb. 0.84 0.95 98 5 1 26 5 1 

bank The old man headed for the bank but he had a 
long way to read. 

Anom. Amb. 0.84 0.95 177 4 1 373 4 1 

bank The old man headed for the phone but he had a 
long way to paint. 

Anom. Unamb. 0.84 0.95 98 5 1 98 5 1 

bar The man found a bar but it was small and very 
rusty. 

Mean. Amb. 0.83 0.74 99 3 1 10 5 2 

bar The man found a dog but it was small and very 
timid. 

Mean. Unamb. 0.83 0.74 119 3 1 8 5 2 

bar The man found a bar but it was small and very 
injured. 

Anom. Amb. 0.83 0.74 99 3 1 11 7 2 

bar The man found a dog but it was small and very 
repaired.  

Anom. Unamb. 0.83 0.74 119 3 1 27 6 2 

bonnet The child noticed that the bonnet was covered 
with lots of needlework. 

Mean. Amb. 0.71 0.65 5 6 2 2 10 3 

bonnet The child noticed that the cactus was covered 
with lots of butterflies. 

Mean. Unamb. 0.71 0.65 3 6 2 10 9 3 

bonnet The child noticed that the bonnet was covered 
with lots of tennis. 

Anom. Amb. 0.71 0.65 5 6 2 22 6 2 

bonnet The child noticed that the cactus was covered 
with lots of wet. 

Anom. Unamb. 0.71 0.65 3 6 2 67 3 1 

boxer The man could see that the boxer was in need of 
a good vet. 

Mean. Amb. 0.92 0.90 8 5 2 9 3 1 

boxer The man could see that the tractor was in need 
of a good scrub. 

Mean. Unamb. 0.92 0.90 11 7 2 16 5 1 

boxer The man could see that the boxer was in need of 
a good prejudice. 

Anom. Amb. 0.92 0.90 8 5 2 17 9 3 

boxer The man could see that the tractor was in need 
of a good bathroom. 

Anom. Unamb. 0.92 0.90 11 7 2 37 8 2 



 

403 
 

button Karen knew that there was one last button that 
she had to push. 

Mean. Amb. 0.96 0.67 33 6 2 137 4 1 

button Karen knew that there was one last pencil that 
she had to sharpen. 

Mean. Unamb. 0.96 0.67 21 6 2 9 7 2 

button Karen knew that there was one last button that 
she had to conclude.  

Anom. Amb. 0.96 0.67 33 6 2 43 8 2 

button Karen knew that there was one last pencil that 
she had to learn. 

Anom. Unamb. 0.96 0.67 21 6 2 308 5 1 

cabinet They thought that the new cabinet needed a 
much better advisor. 

Mean. Amb. 0.71 0.79 47 7 3 20 7 3 

cabinet They thought that the new policeman needed a 
much better salary. 

Mean. Unamb. 0.71 0.79 38 9 3 28 6 3 

cabinet They thought that the new cabinet needed a 
much better shellfish. 

Anom. Amb. 0.71 0.79 47 7 3 3 9 2 

cabinet They thought that the new policeman needed a 
much better cliff. 

Anom. Unamb. 0.71 0.79 38 9 3 26 5 1 

cap The schoolboy dropped the cap and didn't put it 
back on the biro.  

Mean. Amb. 0.68 0.63 40 3 1 1 4 2 

cap The schoolboy dropped the cheese and didn't 
put it back on the platter. 

Mean. Unamb. 0.68 0.63 31 6 1 2 7 2 

cap The schoolboy dropped the cap and didn't put it 
back on the tune. 

Anom. Amb. 0.68 0.63 40 3 1 26 4 1 

cap The schoolboy dropped the cheese and didn't 
put it back on the advisor. 

Anom. Unamb. 0.68 0.63 31 6 1 20 7 3 

cheek She observed the boy's cheek and was 
surprised by his rudeness. 

Mean. Amb. 0.71 0.89 46 5 1 2 8 2 

cheek She observed the boy's mood and was surprised 
by his grumbling. 

Mean. Unamb. 0.71 0.89 52 4 1 0 9 2 

cheek She observed the boy's cheek and was 
surprised by his clergyman. 

Anom. Amb. 0.71 0.89 46 5 1 7 9 3 

cheek She observed the boy's mood and was surprised 
by his barn. 

Anom. Unamb. 0.71 0.89 52 4 1 13 4 1 

clip The woman discovered that the clip was old and 
had been badly dubbed. 

Mean. Amb. 0.56 0.63 12 4 1 3 6 1 
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clip The woman discovered that the cage was old 
and had been badly chewed. 

Mean. Unamb. 0.56 0.63 18 4 1 20 4 1 

clip The woman discovered that the clip was old and 
had been badly watered. 

Anom. Amb. 0.56 0.63 12 4 1 469 5 2 

clip The woman discovered that the cage was old 
and had been badly published. 

Anom. Unamb. 0.56 0.63 18 4 1 86 7 2 

coach The parents were told that the coach for the 
boys' team was about to resign. 

Mean. Amb. 0.63 0.56 40 5 1 24 6 2 

coach The parents were told that the lunch for the 
boys' team was about to conclude.  

Mean. Unamb. 0.63 0.56 86 5 1 43 8 2 

coach The parents were told that the coach for the 
boys' team was about to suppress. 

Anom. Amb. 0.63 0.56 40 5 1 23 8 2 

coach The parents were told that the lunch for the 
boys' team was about to narrow. 

Anom. Unamb. 0.63 0.56 86 5 1 74 6 2 

coat The man hoped that the new coat would not take 
long to paint. 

Mean. Amb. 0.92 0.80 67 4 1 98 5 1 

coat The man hoped that the new truck would not 
take long to load. 

Mean. Unamb. 0.92 0.80 36 5 1 58 4 1 

coat The man hoped that the new coat would not take 
long to build. 

Anom. Amb. 0.92 0.80 67 4 1 246 5 1 

coat The man hoped that the new truck would not 
take long to swim. 

Anom. Unamb. 0.92 0.80 36 5 1 56 4 1 

corn The man thought that his corn was probably 
bigger than his bunion. 

Mean. Amb. 0.92 0.84 26 4 1 0 6 2 

corn The man thought that his debt was probably 
bigger than his takings.  

Mean. Unamb. 0.92 0.84 33 4 1 1 7 2 

corn The man thought that his corn was probably 
bigger than his sympathy. 

Anom. Amb. 0.92 0.84 26 4 1 32 8 3 

corn The man thought that his debt was probably 
bigger than his dance. 

Anom. Unamb. 0.92 0.84 33 4 1 103 5 1 

crane The boys watched the crane by the river and 
saw that it was injured. 

Mean. Amb. 0.71 0.63 6 5 1 11 7 2 

crane The boys watched the nest by the river and saw 
that it was vacant. 

Mean. Unamb. 0.71 0.63 19 4 1 9 6 2 
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crane The boys watched the crane by the river and 
saw that it was blunt. 

Anom. Amb. 0.71 0.63 6 5 1 8 5 1 

crane The boys watched the nest by the river and saw 
that it was grumbling. 

Anom. Unamb. 0.71 0.63 19 4 1 0 9 2 

deck Sue forgot that before the deck could be used it 
needed to be shuffled. 

Mean. Amb. 0.60 0.68 22 4 1 13 8 2 

deck Sue forgot that before the flag could be used it 
needed to be repaired. 

Mean. Unamb. 0.60 0.68 29 4 1 27 6 2 

deck Sue forgot that before the deck could be used it 
needed to be popular. 

Anom. Amb. 0.60 0.68 22 4 1 80 7 3 

deck Sue forgot that before the flag could be used it 
needed to be empty.  

Anom. Unamb. 0.60 0.68 29 4 1 95 5 2 

dock The man was already at the dock but was kept 
waiting by the magistrate. 

Mean. Amb. 0.83 0.89 20 4 1 14 10 3 

dock The man was already at the tomb but was kept 
waiting by the clergyman. 

Mean. Unamb. 0.83 0.89 19 4 1 7 9 3 

dock The man was already at the dock but was kept 
waiting by the seeds. 

Anom. Amb. 0.83 0.89 20 4 1 49 4 1 

dock The man was already at the tomb but was kept 
waiting by the salary. 

Anom. Unamb. 0.83 0.89 19 4 1 28 6 3 

drill The students tried the drill but thought it involved 
too much marching. 

Mean. Amb. 0.84 0.75 20 5 1 92 8 2 

drill The students tried the bet but thought it involved 
too much danger. 

Mean. Unamb. 0.84 0.75 32 3 1 94 6 2 

drill The students tried the drill but thought it involved 
too much needlework. 

Anom. Amb. 0.84 0.75 20 5 1 2 10 3 

drill The students tried the bet but thought it involved 
too much motorway. 

Anom. Unamb. 0.84 0.75 32 3 1 10 8 3 

drum The man saw the drum and predicted it would 
not be empty. 

Mean. Amb. 1.00 1.00 21 4 1 95 5 2 

drum The man saw the whip and predicted it would 
not be useful. 

Mean. Unamb. 1.00 1.00 27 4 1 83 6 2 

drum The man saw the drum and predicted it would 
not be tolerant. 

Anom. Amb. 1.00 1.00 21 4 1 6 8 3 
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drum The man saw the whip and predicted it would 
not be cattle. 

Anom. Unamb. 1.00 1.00 27 4 1 32 6 2 

file The girl recalled that the file needed to be 
replaced because it was blunt. 

Mean. Amb. 1.00 1.00 59 4 1 8 5 1 

file The girl recalled that the frame needed to be 
replaced because it was cracked. 

Mean. Unamb. 1.00 1.00 46 5 1 8 7 1 

file The girl recalled that the file needed to be 
replaced because it was vigilant. 

Anom. Amb. 1.00 1.00 59 4 1 2 8 3 

file The girl recalled that the frame needed to be 
replaced because it was clicked. 

Anom. Unamb. 1.00 1.00 46 5 1 15 5 1 

foil The boy checked the foil before using it to see if 
it was sharp. 

Mean. Amb. 0.88 0.94 6 4 1 62 5 1 

foil The boy checked the mop before using it to see 
if it was wet. 

Mean. Unamb. 0.88 0.94 9 3 1 67 3 1 

foil The boy checked the foil before using it to see if 
it was silly.  

Anom. Amb. 0.88 0.94 6 4 1 46 5 2 

foil The boy checked the mop before using it to see 
if it was high. 

Anom. Unamb. 0.88 0.94 9 3 1 494 4 1 

head Both parents worried that their daughter's head 
was a very odd teacher. 

Mean. Amb. 0.80 1.00 559 4 1 162 7 2 

head Both parents worried that their daughter's friend 
was a very odd person. 

Mean. Unamb. 0.80 1.00 356 6 1 262 6 2 

head Both parents worried that their daughter's head 
was a very odd microphone. 

Anom. Amb. 0.80 1.00 559 4 1 8 10 3 

head Both parents worried that their daughter's friend 
was a very odd tournament. 

Anom. Unamb. 0.80 1.00 356 6 1 8 10 3 

jam The couple thought that this jam was worse than 
the one on the motorway. 

Mean. Amb. 0.70 0.82 25 3 1 10 8 3 

jam The couple thought that this storm was worse 
than the one on the plantation. 

Mean. Unamb. 0.70 0.82 38 5 1 11 10 3 

jam The couple thought that this jam was worse than 
the one on the magistrate. 

Anom. Amb. 0.70 0.82 25 3 1 14 10 3 

jam The couple thought that this storm was worse 
than the one on the hat. 

Anom. Unamb. 0.70 0.82 38 5 1 68 3 1 
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letters The little boy had some letters in his bag that he 
was going to learn. 

Mean. Amb. 0.76 1.00 206 7 2 308 5 1 

letters The little boy had some paper in his bag that he 
was going to cut. 

Mean. Unamb. 0.76 1.00 226 5 2 227 3 1 

letters The little boy had some letters in his bag that he 
was going to crawl. 

Anom. Amb. 0.76 1.00 206 7 2 26 5 1 

letters The little boy had some paper in his bag that he 
was going to scrub. 

Anom. Unamb. 0.76 1.00 226 5 2 16 5 1 

mole The woman knew that the mole was in one of 
the embassies. 

Mean. Amb. 0.55 0.75 6 4 1 23 9 3 

mole The woman knew that the chalk was in one of 
the containers. 

Mean. Unamb. 0.55 0.75 10 5 1 12 9 3 

mole The woman knew that the mole was in one of 
the butterflies. 

Anom. Amb. 0.55 0.75 6 4 1 10 9 3 

mole The woman knew that the chalk was in one of 
the insects. 

Anom. Unamb. 0.55 0.75 10 5 1 24 6 2 

mouse The woman disliked the mouse because of the 
noise it made when it clicked. 

Mean. Amb. 0.80 0.89 18 5 1 15 7 1 

mouse The woman disliked the lid because of the noise 
it made when it slammed.  

Mean. Unamb. 0.80 0.89 18 3 1 16 4 1 

mouse The woman disliked the mouse because of the 
noise it made when it judged. 

Anom. Amb. 0.80 0.89 18 5 1 99 5 1 

mouse The woman disliked the lid because of the noise 
it made when it advertised. 

Anom. Unamb. 0.80 0.89 18 3 1 15 9 3 

note The girl was surprised by the note because it 
was so high. 

Mean. Amb. 0.64 0.85 176 4 1 494 4 1 

note The girl was surprised by the sign because it 
was so large. 

Mean. Unamb. 0.64 0.85 188 4 1 482 5 1 

note The girl was surprised by the note because it 
was so bruised. 

Anom. Amb. 0.64 0.85 176 4 1 13 6 1 

note The girl was surprised by the sign because it 
was so stale. 

Anom. Unamb. 0.64 0.85 188 4 1 7 5 1 

nut The boy wasn't paying attention to the nut when 
it fell off the bolt. 

Mean. Amb. 0.80 0.80 23 3 1 18 4 1 
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nut The boy wasn't paying attention to the goat 
when it fell off the cliff. 

Mean. Unamb. 0.80 0.80 28 4 1 26 5 1 

nut The boy wasn't paying attention to the nut when 
it fell off the gossip. 

Anom. Amb. 0.80 0.80 23 3 1 19 6 2 

nut The boy wasn't paying attention to the goat 
when it fell off the rudeness. 

Anom. Unamb. 0.80 0.80 28 4 1 2 8 2 

organ The expert knew that the damaged organ would 
be quite difficult to tune. 

Mean. Amb. 0.75 0.89 25 5 2 26 4 1 

organ The expert knew that the damaged leather 
would be quite difficult to sew. 

Mean. Unamb. 0.75 0.89 36 7 2 11 3 1 

organ The expert knew that the damaged organ would 
be quite difficult to plan. 

Anom. Amb. 0.75 0.89 25 5 2 303 4 1 

organ The expert knew that the damaged leather 
would be quite difficult to learn. 

Anom. Unamb. 0.75 0.89 36 7 2 308 5 1 

passage Bob was relieved that the passage had been so 
easy to learn. 

Mean. Amb. 0.71 0.68 46 7 2 308 5 1 

passage Bob was relieved that the breakfast had been so 
easy to plan. 

Mean. Unamb. 0.71 0.68 59 9 2 303 4 1 

passage Bob was relieved that the passage had been so 
easy to resign. 

Anom. Amb. 0.71 0.68 46 7 2 24 6 2 

passage Bob was relieved that the breakfast had been so 
easy to consult. 

Anom. Unamb. 0.71 0.68 59 9 2 31 7 2 

pen Frank compared the pen to the one he had 
bought for his cattle. 

Mean. Amb. 1.00 1.00 29 3 1 32 6 2 

pen Frank compared the towel to the one he had 
bought for his bathroom. 

Mean. Unamb. 1.00 1.00 22 5 1 37 8 2 

pen Frank compared the pen to the one he had 
bought for his number.  

Anom. Amb. 1.00 1.00 29 3 1 414 6 2 

pen Frank compared the towel to the one he had 
bought for his recipe. 

Anom. Unamb. 1.00 1.00 22 5 1 15 6 3 

plant The article reported that the plant had been very 
difficult to build. 

Mean. Amb. 0.96 0.90 151 5 1 246 5 1 

plant The article reported that the north had been very 
difficult to reach. 

Mean. Unamb. 0.96 0.90 144 5 1 276 5 1 
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plant The article reported that the plant had been very 
difficult to appoint. 

Anom. Amb. 0.96 0.90 151 5 1 26 7 2 

plant The article reported that the north had been very 
difficult to load. 

Anom. Unamb. 0.96 0.90 144 5 1 58 4 1 

post The girl wanted to ask when the post was going 
to be advertised. 

Mean. Amb. 0.75 1.00 94 4 1 15 10 3 

post The girl wanted to ask when the judge was going 
to be appointed. 

Mean. Unamb. 0.75 1.00 99 5 1 8 9 3 

post The girl wanted to ask when the post was going 
to be warm. 

Anom. Amb. 0.75 1.00 94 4 1 115 4 1 

post The girl wanted to ask when the judge was going 
to be chewed. 

Anom. Unamb. 0.75 1.00 99 5 1 20 4 1 

race When told about her colleague's race her reply 
showed a lack of prejudice. 

Mean. Amb. 0.83 0.47 109 4 1 17 9 3 

race When told about her colleague's health her reply 
showed a lack of sympathy. 

Mean. Unamb. 0.83 0.47 132 6 1 32 8 3 

race When told about her colleague's race, her reply 
showed a lack of marching. 

Anom. Amb. 0.83 0.47 109 4 1 92 5 2 

race When told about her colleague's health her reply 
showed a lack of containers. 

Anom. Unamb. 0.83 0.47 132 6 1 12 9 3 

records The students knew that the records were so old 
they would be hard to read. 

Mean. Amb. 0.74 0.70 151 7 2 373 4 1 

records The students knew that the machines were so 
old they would be hard to miss. 

Mean. Unamb. 0.74 0.70 124 7 2 285 4 1 

records The students knew that the records were so old 
they would be hard to sew. 

Anom. Amb. 0.74 0.70 151 7 2 11 3 1 

records The students knew that the machines were so 
old they would be hard to cut. 

Anom. Unamb. 0.74 0.70 124 7 2 227 3 1 

ring He wanted to give the girl a ring but needed to 
find the right number.  

Mean. Amb. 0.84 0.63 148 4 1 414 6 2 

ring He wanted to give the girl a test but needed to 
find the right questions. 

Mean. Unamb. 0.84 0.63 150 4 1 442 8 2 

ring He wanted to give the girl a ring but needed to 
find the right vet. 

Anom. Amb. 0.84 0.63 148 4 1 9 3 1 
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ring He wanted to give the girl a test but needed to 
find the right platter. 

Anom. Unamb. 0.84 0.63 150 4 1 2 7 2 

ruler The man hoped that the new ruler would be a lot 
more compassionate. 

Mean. Amb. 0.88 0.79 18 5 2 3 13 4 

ruler The man hoped that the new leaflet would be a 
lot more informative. 

Mean. Unamb. 0.88 0.79 18 7 2 4 11 4 

ruler The man hoped that the new ruler would be a lot 
more crowded.  

Anom. Amb. 0.88 0.79 18 5 2 23 7 2 

ruler The man hoped that the new leaflet would be a 
lot more cracked. 

Anom. Unamb. 0.88 0.79 18 7 2 8 7 1 

sage The women commented that the sage had not 
been very easy to consult. 

Mean. Amb. 0.75 0.95 5 4 1 31 7 2 

sage The women commented that the yawn had not 
been very easy to suppress. 

Mean. Unamb. 0.75 0.95 10 4 1 23 8 2 

sage The women commented that the sage had not 
been very easy to start. 

Anom. Amb. 0.75 0.95 5 4 1 499 5 1 

sage The women commented that the yawn had not 
been very easy to reach. 

Anom. Unamb. 0.75 0.95 10 4 1 276 5 1 

scoop The woman thought that such a big scoop might 
be quite a challenge to write. 

Mean. Amb. 0.87 0.63 10 5 1 464 5 1 

scoop The woman thought that such a big quest might 
be quite a challenge to start. 

Mean. Unamb. 0.87 0.63 8 5 1 499 5 1 

scoop The woman thought that such a big scoop might 
be quite a challenge to sharpen. 

Anom. Amb. 0.87 0.63 10 5 1 9 7 2 

scoop The woman thought that such a big quest might 
be quite a challenge to wash.  

Anom. Unamb. 0.87 0.63 8 5 1 100 4 1 

star The article on the star included a picture and lots 
of gossip. 

Mean. Amb. 0.92 0.74 106 4 1 19 6 2 

star The article on the vote included a picture and 
lots of facts. 

Mean. Unamb. 0.92 0.74 99 4 1 571 4 1 

star The article on the star included a picture and lots 
of danger. 

Anom. Amb. 0.92 0.74 106 4 1 94 6 2 

star The article on the vote included a picture and 
lots of clay. 

Anom. Unamb. 0.92 0.74 99 4 1 21 4 1 
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steps The schoolgirl had forgotten which steps she 
was supposed to dance. 

Mean. Amb. 0.63 0.74 160 5 1 103 5 1 

steps The schoolgirl had forgotten which clothes she 
was supposed to wash. 

Mean. Unamb. 0.63 0.74 124 7 1 100 4 1 

steps The schoolgirl had forgotten which steps she 
was supposed to push. 

Anom. Amb. 0.63 0.74 160 5 1 137 4 1 

steps The schoolgirl had forgotten which clothes she 
was supposed to write. 

Anom. Unamb. 0.63 0.74 124 7 1 464 5 1 

temples The old man looked at both temples and saw 
that they were bruised. 

Mean. Amb. 0.74 0.75 29 7 2 13 7 1 

temples The old man looked at both biscuits and saw 
that they were stale. 

Mean. Unamb. 0.74 0.75 15 7 2 7 5 1 

temples The old man looked at both temples and saw 
that they were cards. 

Anom. Amb. 0.74 0.75 29 7 2 8 5 1 

temples The old man looked at both biscuits and saw 
that they were dubbed. 

Anom. Unamb. 0.74 0.75 15 7 2 3 3 1 

tie Jim was annoyed about the tie and hoped it 
wouldn't ruin the tournament. 

Mean. Amb. 0.92 1.00 95 3 1 8 10 3 

tie Jim was annoyed about the noise and hoped it 
wouldn't ruin the anecdote. 

Mean. Unamb. 0.92 1.00 77 5 1 5 8 3 

tie Jim was annoyed about the tie and hoped it 
wouldn't ruin the bolt. 

Anom. Amb. 0.92 1.00 95 3 1 18 4 1 

tie Jim was annoyed about the noise and hoped it 
wouldn't ruin the biro.  

Anom. Unamb. 0.92 1.00 77 5 1 1 4 2 

watch  The man was annoyed that the watch had not 
proved to be more vigilant. 

Mean. Amb. 0.72 0.90 290 6 1 2 8 3 

watch  The man was annoyed that the town had not 
proved to be more tolerant. 

Mean. Unamb. 0.72 0.90 223 4 1 6 8 3 

watch  The man was annoyed that the watch had not 
proved to be more burned. 

Anom. Amb. 0.72 0.90 290 6 1 99 4 1 

watch  The man was annoyed that the town had not 
proved to be more broken. 

Anom. Unamb. 0.72 0.90 223 4 1 60 6 2 
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Table 8.2 Stimulus list and characteristics for the Explicit Disambiguation task reported in Chapter 2. Tables shows the definitions for dominant and subordinate 
meanings for Ambiguous sentences (Amb.), and correct and unrelated meanings for Unambiguous sentences (Unamb.).  

Sentence Condition Dominant meaning Subordinate meaning 

The man knew that one more ace might be enough to win the tennis. Amb. playing card a serve or point 

Sarah wasn't convinced that the band would really suit her hat. Amb. a group of musicians a thin piece of flexible material 

The old man headed for the bank but he had a long way to swim. Amb. a financial institution  the slope by a waterway 

The man found a bar but it was small and very rusty. Amb. a pub a length of solid material 

The child noticed that the bonnet was covered with lots of needlework. Amb. a car engine cover a piece of headgear 

The man could see that the boxer was in need of a good vet. Amb. a fighter sportsman a breed of dog 

Karen knew that there was one last button that she had to push. Amb. a fastener for clothing  a pressure-operated switch  

They thought that the new cabinet needed a much better advisor. Amb. a piece of furniture a decision-making body 

The schoolboy dropped the cap and didn't put it back on the biro.  Amb. a type of hat a small lid or cover 

She observed the boy's cheek and was surprised by his rudeness. Amb. a part of the face disrespectful behaviour or talk 

The woman discovered that the clip was old and had been badly dubbed. Amb. a device that grips a short extract of a movie  

The parents were told that the coach for the boys' team was about to resign. Amb. a transport vehicle a sports trainer 

The man hoped that the new coat would not take long to paint. Amb. a warm outer garment a thin layer of a substance 

The man thought that his corn was probably bigger than his bunion. Amb. a cereal plant  an area of thickened skin on the 
foot  

The boys watched the crane by the river and saw that it was injured. Amb. a machine for lifting in 
suspension 

a type of bird with long legs and 
neck 

Sue forgot that before the deck could be used it needed to be shuffled. Amb. flooring or an open platform a pack of cards 

The man was already at the dock but was kept waiting by the magistrate. Amb. harbour a place in court where the 
accused sits 

The students tried the drill but thought it involved too much marching. Amb. a tool for making holes  a repetitive training exercise  

The man saw the drum and predicted it would not be empty. Amb. a percussion instrument a large cylindrical container 

The girl recalled that the file needed to be replaced because it was blunt. Amb. a folder of documents  a tool for metal or woodwork 

The boy checked the foil before using it to see if it was sharp. Amb. a thin flexible metal sheet a thin, light sword used for 
fencing 
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Both parents worried that their daughter's head was a very odd teacher. Amb. a body part above the neck a leader 

The couple thought that this jam was worse than the one on the motorway. Amb. a fruit preserve an obstruction  

The little boy had some letters in his bag that he was going to learn. Amb. an item of mail  an alphabetic character 

The woman knew that the mole was in one of the embassies. Amb. a small burrowing animal an undercover agent  

The woman disliked the mouse because of the noise it made when it clicked. Amb. a small rodent a computer pointing device 

The girl was surprised by the note because it was so high. Amb. a brief written communication  a musical tone  

The boy wasn't paying attention to the nut when it fell off the bolt. Amb. an edible kernel a fastening rod 

The expert knew that the damaged organ would be quite difficult to tune. Amb. a body part a musical instrument 

Bob was relieved that the passage had been so easy to learn. Amb. a corridor, conduit, or tunnel a section of text 

Frank compared the pen to the one he had bought for his cattle. Amb. a type of writing implement an animal enclosure 

The article reported that the plant had been very difficult to build. Amb. a botanical organism an industrial site 

The girl wanted to ask when the post was going to be advertised. Amb. mail  an employment position 

When told about her colleague's race her reply showed a lack of prejudice. Amb. a speed contest a common ethnic origin 

The students knew that the records were so old they would be hard to read. Amb. a grooved disc for playing 
music 

an account preserving 
knowledge  

He wanted to give the girl a ring but needed to find the right number.  Amb. a piece of jewellery a telephone conversation 

The man hoped that the new ruler would be a lot more compassionate. Amb. a device for measuring length a person who governs 

The women commented that the sage had not been very easy to consult. Amb. a type of herb someone venerated for wisdom 

The woman thought that such a big scoop might be quite a challenge to write. Amb. a spoon-like implement or 
portion 

an exclusive news story 

The article on the star included a picture and lots of gossip. Amb. a luminous heavenly body a celebrity 

The schoolgirl had forgotten which steps she was supposed to dance. Amb. part of staircase or doorway a leg movement  

The old man looked at both temples and saw that they were bruised. Amb. a place of worship a part of the face 

Jim was annoyed about the tie and hoped it wouldn't ruin the tournament. Amb. an item of clothing worn 
around the neck 

an equal score 

The man was annoyed that the watch had not proved to be more vigilant. Amb. a device for keeping time observation or guarding  

Sarah wasn't convinced that the soil would really suit her seeds. Unamb. a pair the ground in which plants grow 

The old man headed for the phone but he had a long way to crawl. Unamb. a hot beverage  an apparatus for transmitting 
sound 
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The child noticed that the cactus was covered with lots of butterflies. Unamb. a section of a course of study a prickly plant 

The man could see that the tractor was in need of a good scrub. Unamb. dried leaves of a shrub a powerful motor-driven vehicle 

Karen knew that there was one last pencil that she had to sharpen. Unamb. a waterfall over a rocky 
surface 

a writing implement 

They thought that the new policeman needed a much better salary. Unamb. a sweet, crystalline substance a member of a police force 

The man hoped that the new truck would not take long to load. Unamb. a body revolving about a star a large road vehicle  

The man thought that his debt was probably bigger than his takings.  Unamb. a person or entity that is part of 
a group 

something that is owed  

The boys watched the nest by the river and saw that it was vacant. Unamb. a dish that can hold liquids a structure built by birds or 
insects 

Sue forgot that before the flag could be used it needed to be repaired. Unamb. a domesticated bird a symbolic piece of cloth  

The boy checked the mop before using it to see if it was wet. Unamb. merriment or pleasure an implement for cleaning floors 

Both parents worried that their daughter's friend was a very odd person. Unamb. a group of cells that produces 
a secretion 

a person you feel close to 

The couple thought that this storm was worse than the one on the plantation. Unamb. a comment or observation thunder, lightning and rain 

The little boy had some paper in his bag that he was going to cut. Unamb. a long-necked desert animal material for writing or drawing 
on 

The expert knew that the damaged leather would be quite difficult to sew. Unamb. the ability to perceive with the 
eyes 

material made from animal skin 

Bob was relieved that the breakfast had been so easy to plan. Unamb. a structure used for hearing a morning meal 

Frank compared the towel to the one he had bought for his bathroom. Unamb. a natural elevation an absorbent cloth  

The article reported that the north had been very difficult to reach. Unamb. the quality of being just or fair a direction 

The man hoped that the new leaflet would be a lot more informative. Unamb. an ornament or decoration a piece of paper with 
information 

The women commented that the yawn had not been very easy to suppress. Unamb. an expenditure of money a somewhat involuntary intake 
of air 

The woman thought that such a big quest might be quite a challenge to start. Unamb. one side of a leaf a pursuit or search 

The article on the vote included a picture and lots of facts. Unamb. a monkey or ape an election 

The schoolgirl had forgotten which clothes she was supposed to wash. Unamb. a relative fashion 

The man was annoyed that the town had not proved to be more tolerant. Unamb. a seat for a rider a densely populated area or 
community 
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Table 8.3 Stimulus list for the Go/No-Go task reported in Chapter 2. 

Got trials    No-Go trials 

chipmunk terrier tiger  truck 

wombat tarantula pony  vessel 

dachshund goldfish otter  lorry 

skunk possum donkey  ferry 

mockingbird weasel rabbit  ambulance 

moose cobra worm  chopper 

ocelot kangaroo lion  airplane 

llama termite snake  barrow 

goldfinch dolphin camel  chariot 

gecko gorilla insect  tanker 

lemming parrot bird  hovercraft 

puma dragonfly elephant  hearse 

bulldog grasshopper dalmatian  gondola 

cheetah chimpanzee spaniel  scooter 

wildebeest rattlesnake lemur  sledge 

puffin blackbird pelican  kayak 

earthworm lizard shark  forklift 

starfish bison monkey  train 

magpie sparrow butterfly   

poodle peacock wolf   

albatross hamster    

porcupine reindeer    

walrus beaver    

flamingo reptile    

salamander crocodile    

python turtle    

platypus yak    

iguana antelope    

nightingale baboon    

tapeworm spider    

labrador wasp    

chameleon swan    

panda kitten    

mongoose panther    

zebra beetle    

alligator leopard    

gazelle buffalo    

giraffe badger    

rhinoceros eagle    

cockroach mammal    
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Table 8.4 Stimulus list for the Sentence Memory Span task reported in Chapter 2. Note that 
the first series of sentences for difficulty level 7 included 8 words beginning with “W” to recall. 

Level Sentence Letter 

1 His beard froze when the man ran out into the snow. B 

1 The girl liked the blue pocket on her new summer dress. S 

2  The smelly carpet was removed from the bedroom. B 

2 The author wrote his book in short and quick chapters B 

2 The nurse assisted the doctor with a brain operation. D 

2 Driving in stormy weather can be very risky D 

3 The tourist said that the waterfall was five miles away. F 

3 The fleeing prince looked back on his beloved homeland. F 

3 Michael threw the frisbee and hit his brother by accident. F 

3 Valerie dropped her phone into the mud. M 

3 The regulations allowed trade and the movement of people. M 

3 Karen could hear the music playing all day. M 

4 The children's rough games made their parents nervous. P 

4 The young man felt relief as his parachute opened P 

4 My grandfather practised his trumpet in his outdoor studio. P 

4 Anne stretched her whole body to prevent injuring a ligament P 

4 The driver lost control and nearly steered into a tree. D 

4 Our teacher made us solve difficult maths problems. D 

4 Carrie ran downstairs when her mother called her for supper. D 

4 We were careful as we travelled through the desert. D 

5 I let my husband carry the backpack to our flat. F 

5 The surgeon failed to inform the patient of the risks. F 

5 Alfred served baked fish and potatoes to his lovely girlfriend F 

5 The fireflies will die if we keep them in a jar. F 

5 Richard loved the story about the princess and the frog F 

5 The director began her first employee meeting. M 

5 The modern artist prepared for her new exhibition. M 

5 Christina waited until midday before she had lunch. M 

5 Charlie always said mean things about Sally. M 

5 Most of the footballers kicked the ball into the goal M 

6 He could not participate in the marathon because of his leg. P 

6 Ed told Janet that he would meet her after rowing practice. P 

6 Terry could see a group of people outside the cinema. P 

6 Emma lined up her pencils on top of her desk. P 

6 On the sandy beach we found pebbles and jellyfish. P 

6 The postman was chased by the angry bulldog. P 

6 The teacher introduced the students to philosophy. S 

6 The actress wore a black sequin dress to the party. S 

6 When Andrew's finger became swollen, he visited his doctor. S 

6 The town square quickly filled with people during the riot. S 

6 The gardener's van was used to transport seedlings. S 
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6 Brian picked up a strawberry from the dish. S 

7 The weather today is perfect for a swim in the ocean. W 

7 Mr. Jones asked his daughter to water the plants W 

7 He recognised the most famous tennis player in the world. W 

7 The waiter smiled as he greeted all the customers. W 

7 The bride's mother cried during the wedding vows. W 

7 The boy had a nightmare about being chased by wasps. W 

7 The war was a sensitive issue for the diplomat. W 

7 Diving was Tim's favourite activity in the summer months D 

7 The little girl had dimples in her chin. D 

7 The travellers set up camp before they prepared dinner. D 

7 The contestant won a diamond necklace as a prize. D 

7 Amy told the teacher that her dog ate her homework. D 

7 Jennifer had become a vegan and stopped eating dairy. D 

7 The dancer leaped elegantly across the stage. D 

 

 

Table 8.5 Stimuli for the Print Exposure measure reported in Chapter 2. Data from the “foreign 
language” item was not included in calculating Print exposure scores. 

 

Please describe your reading habits in this short questionnaire. 
     

During a typical week, I read... 
    

 
every day on 4-6 

days 
on 1-3 
days 

never 

• for pleasure 
    

• for education or personal 
development 

    

• as part of my work 
    

• tabloid newspapers or popular 
magazines (e.g. Daily Mail, 
Cosmopolitan) 

    

• broadsheet newspapers or 
educational magazines (e.g. The 
Financial Times, New Scientist) 

    

• popular fiction (e.g. romances, 
thrillers, science fiction) 

    

• literary fiction (e.g. classics, poetry, 
literary novels) 

    

• non-fiction books (e.g. self-help 
books, biographies, popular science 
or history, travel books) 

    

• specialist or technical texts (e.g. 
academic publications) 

    

• social media (e.g. twitter, facebook, 
personal blogs) 

    

• foreign language material 
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8.2 Chapter 3: Stimuli 

Table.8.6 Stimulus list and characteristics for the Meaning Coherence Judgement task reported in Chapter 3. Ambiguous word dominance scores were based 
on pilot testing (for details see Chapter 1, 5.1.1 Stimulus design), and indicate the proportion of pilot participant responses in a word association task that were 
consistent with the dominant meaning of the ambiguous word. The single-word score was based on presentation of the ambiguous word in isolation, while the 
in-context score was based on presentation of the whole sentence without the final word. Conditions: Amb. = Ambiguous, Anom. = Anomalous fillers, Mean. = 
Meaningful experimental stimuli, Unamb. = Unambiguous; Freq. = lemma frequency (based on CELEX lexical database, Baayen et al., 1995); Syll. = syllables. 

Item Sentence Condition    Main noun 

    Dominance 
(single word) 

Dominance 
(in context) 

Freq. Letters  
(N) 

Syll. 
(N) 

ace The man knew that one more ace was enough to win the 
game of tennis against his rival. 

Mean. Amb. 0.88 0.78 5 3 1 

ace The man knew that one more spurt was enough to win the 
game of tennis against his rival. 

Mean. Unamb. 0.88 0.78 1 5 1 

ace The man knew that one more mule was enough to win the 
game of tennis against his rival. 

Anom. Amb. 0.88 0.78 9 4 1 

ace The man knew that one more prawn was enough to win the 
game of tennis against his rival. 

Anom. Unamb. 0.88 0.78 3 5 1 

appendix  She asked about the appendix and was told that it would be 
translated as soon as possible. 

Mean. Amb. 0.58 0.79 7 8 3 

appendix  She asked about the manuscript and was told that it would 
be translated as soon as possible. 

Mean. Unamb. 0.58 0.79 13 10 3 

appendix  She asked about the bowler and was told that it would be 
translated as soon as possible. 

Anom. Amb. 0.58 0.79 10 6 2 

appendix  She asked about the cottage and was told that it would be 
translated as soon as possible. 

Anom. Unamb. 0.58 0.79 38 7 2 

arms The police kept hold of the criminals' arms after they had 
been fired one last time. 

Mean. Amb. 0.83 0.75 42 4 1 

arms The police kept hold of the criminals' guns after they had 
been fired one last time. 

Mean. Unamb. 0.83 0.75 99 4 1 
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arms The police kept hold of the criminals' locks after they had 
been fired one last time. 

Anom. Amb. 0.83 0.75 1 5 1 

arms The police kept hold of the criminals' bricks after they had 
been fired one last time. 

Anom. Unamb. 0.83 0.75 43 6 1 

ball Sally worried that the ball was going to be too crowded for 
her liking.  

Mean. Amb. 0.84 0.84 111 4 1 

ball Sally worried that the town was going to be too crowded for 
her liking.  

Mean. Unamb. 0.84 0.84 223 4 1 

ball Sally worried that the rule was going to be too crowded for 
her liking.  

Anom. Amb. 0.84 0.84 161 4 1 

ball Sally worried that the bird was going to be too crowded for 
her liking.  

Anom. Unamb. 0.84 0.84 103 4 1 

bank The old man headed for the bank but he had a long way to 
swim to reach it. 

Mean. Amb. 0.84 0.95 177 4 1 

bank The old man headed for the boat but he had a long way to 
swim to reach it. 

Mean. Unamb. 0.84 0.95 77 4 1 

bank The old man headed for the press but he had a long way to 
swim to reach it. 

Anom. Amb. 0.84 0.95 187 5 1 

bank The old man headed for the knee but he had a long way to 
swim to reach it. 

Anom. Unamb. 0.84 0.95 83 4 1 

bar The man found a bar but it was small and too rusty to be 
used. 

Mean. Amb. 0.83 0.74 99 3 1 

bar The man found a knife but it was small and too rusty to be 
used. 

Mean. Unamb. 0.83 0.74 46 5 1 

bar The man found a court but it was small and too rusty to be 
used. 

Anom. Amb. 0.83 0.74 70 6 1 

bar The man found a crowd but it was small and too rusty to be 
used. 

Anom. Unamb. 0.83 0.74 72 5 1 

board John hoped that the new board would not take very long to 
decide this time around. 

Mean. Amb. 0.44 0.53 112 5 1 

board John hoped that the new judge would not take very long to 
decide this time around. 

Mean. Unamb. 0.44 0.53 99 5 1 

board John hoped that the new rush would not take very long to 
decide this time around. 

Anom. Amb. 0.44 0.53 66 4 1 
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board John hoped that the new desk would not take very long to 
decide this time around. 

Anom. Unamb. 0.44 0.53 91 4 1 

boxer The man knew that the boxer would be in need of a good 
veterinarian as soon as possible. 

Mean. Amb. 0.92 0.90 8 5 2 

boxer The man knew that the kitten would be in need of a good 
veterinarian as soon as possible. 

Mean. Unamb. 0.92 0.90 7 6 2 

boxer The man knew that the staple would be in need of a good 
veterinarian as soon as possible. 

Anom. Amb. 0.92 0.90 5 6 2 

boxer The man knew that the fabric would be in need of a good 
veterinarian as soon as possible. 

Anom. Unamb. 0.92 0.90 16 6 2 

branch The young woman couldn't use that branch because it was 
much busier than she had expected. 

Mean. Amb. 0.92 0.95 97 6 1 

branch The young woman couldn't use that bus because it was 
much busier than she had expected. 

Mean. Unamb. 0.92 0.95 80 3 1 

branch The young woman couldn't use that fit because it was much 
busier than she had expected. 

Anom. Amb. 0.92 0.95 110 3 1 

branch The young woman couldn't use that milk because it was 
much busier than she had expected. 

Anom. Unamb. 0.92 0.95 110 4 1 

bridge Mary discussed the bridge and said that it ought to be more 
competitive this coming week. 

Mean. Amb. 0.88 0.95 70 6 1 

bridge Mary discussed the hunt and said that it ought to be more 
competitive this coming week. 

Mean. Unamb. 0.88 0.95 42 4 1 

bridge Mary discussed the plane and said that it ought to be more 
competitive this coming week. 

Anom. Amb. 0.88 0.95 64 5 1 

bridge Mary discussed the fruit and said that it ought to be more 
competitive this coming week. 

Anom. Unamb. 0.88 0.95 68 5 1 

bulbs The caretaker preferred to store the bulbs inside a box in the 
old greenhouse until they were needed. 

Mean. Amb. 0.52 0.79 12 5 1 

bulbs The caretaker preferred to store the berries inside a box in 
the old greenhouse until they were needed. 

Mean. Unamb. 0.52 0.79 10 7 2 

bulbs The caretaker preferred to store the sharks inside a box in 
the old greenhouse until they were needed. 

Anom. Amb. 0.52 0.79 20 6 1 

bulbs The caretaker preferred to store the sobs inside a box in the 
old greenhouse until they were needed. 

Anom. Unamb. 0.52 0.79 17 4 1 
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button Karen knew that there was one last button that she needed 
to press in order to start. 

Mean. Amb. 0.96 0.67 33 6 2 

button Karen knew that there was one last lever that she needed to 
press in order to start. 

Mean. Unamb. 0.96 0.67 10 5 2 

button Karen knew that there was one last speaker that she needed 
to press in order to start. 

Anom. Amb. 0.96 0.67 28 7 2 

button Karen knew that there was one last lawyer that she needed 
to press in order to start. 

Anom. Unamb. 0.96 0.67 51 6 2 

cape The woman saw the cape and thought that it looked very 
rocky from where she stood. 

Mean. Amb. 0.96 0.95 16 4 12 

cape The woman saw the cliff and thought that it looked very rocky 
from where she stood. 

Mean. Unamb. 0.96 0.95 26 5 1 

cape The woman saw the horn and thought that it looked very 
rocky from where she stood. 

Anom. Amb. 0.96 0.95 18 4 1 

cape The woman saw the ax and thought that it looked very rocky 
from where she stood. 

Anom. Unamb. 0.96 0.95 9 2 1 

chips The manager hoped that the chips he had ordered would be 
compatible this time around. 

Mean. Amb. 0.54 0.65 21 5 1 

chips The manager hoped that the fuse he had ordered would be 
compatible this time around. 

Mean. Unamb. 0.54 0.65 11 4 1 

chips The manager hoped that the ray he had ordered would be 
compatible this time around. 

Anom. Amb. 0.54 0.65 17 3 1 

chips The manager hoped that the coal he had ordered would be 
compatible this time around. 

Anom. Unamb. 0.54 0.65 46 4 1 

coat The man hoped that the new coat would not take long to 
paint early in the morning. 

Mean. Amb. 0.92 0.80 67 4 1 

coat The man hoped that the new roof would not take long to 
paint early in the morning. 

Mean. Unamb. 0.92 0.80 57 4 1 

coat The man hoped that the new shock would not take long to 
paint early in the morning. 

Anom. Amb. 0.92 0.80 86 5 1 

coat The man hoped that the new pill would not take long to paint 
early in the morning. 

Anom. Unamb. 0.92 0.80 28 4 1 

cold Ted complained about the cold and said that he needed 
some medicine as soon as possible. 

Mean. Amb. 0.80 0.67 192 4 1 
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cold Ted complained about the nurse and said that he needed 
some medicine as soon as possible. 

Mean. Unamb. 0.80 0.67 57 5 1 

cold Ted complained about the yard and said that he needed 
some medicine as soon as possible. 

Anom. Amb. 0.80 0.67 87 4 1 

cold Ted complained about the wall and said that he needed 
some medicine as soon as possible. 

Anom. Unamb. 0.80 0.67 215 4 1 

deed John thought about the deed and wondered whether it had 
been signed within the deadline. 

Mean. Amb. 0.58 0.55 10 4 1 

deed John thought about the lease and wondered whether it had 
been signed within the deadline. 

Mean. Unamb. 0.58 0.55 8 5 1 

deed John thought about the mint and wondered whether it had 
been signed within the deadline. 

Anom. Amb. 0.58 0.55 7 4 1 

deed John thought about the harp and wondered whether it had 
been signed within the deadline. 

Anom. Unamb. 0.58 0.55 3 4 1 

dock The man was already at the dock but had to wait for the 
magistrate for another hour. 

Mean. Amb. 0.83 0.89 20 4 1 

dock The man was already at the jail but had to wait for the 
magistrate for another hour. 

Mean. Unamb. 0.83 0.89 35 4 1 

dock The man was already at the spit but had to wait for the 
magistrate for another hour. 

Anom. Amb. 0.83 0.89 18 4 1 

dock The man was already at the golf but had to wait for the 
magistrate for another hour. 

Anom. Unamb. 0.83 0.89 33 4 1 

drill The students liked the drill but thought it involved a lot more 
marching than they had expected. 

Mean. Amb. 0.84 0.75 20 5 1 

drill The students liked the parade but thought it involved a lot 
more marching than they had expected. 

Mean. Unamb. 0.84 0.75 18 6 2 

drill The students liked the pulse but thought it involved a lot 
more marching than they had expected. 

Anom. Amb. 0.84 0.75 14 5 1 

drill The students liked the cage but thought it involved a lot more 
marching than they had expected. 

Anom. Unamb. 0.84 0.75 18 4 1 

interest The man expected that any interest he received would be 
flattering for him tonight. 

Mean. Amb. 0.24 0.70 295 8 2 

interest The man expected that any attention he received would be 
flattering for him tonight. 

Mean. Unamb. 0.24 0.70 136 9 3 
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interest The man expected that any issue he received would be 
flattering for him tonight. 

Anom. Amb. 0.24 0.70 182 5 2 

interest The man expected that any machine he received would be 
flattering for him tonight. 

Anom. Unamb. 0.24 0.70 124 7 2 

kids The mother knew that the kids were coming by the sound of 
their hooves getting louder.  

Mean. Amb. 0.67 1.00 90 4 1 

kids The mother knew that the sheep were coming by the sound 
of their hooves getting louder.  

Mean. Unamb. 0.67 1.00 40 5 1 

kids The mother knew that the scales were coming by the sound 
of their hooves getting louder.  

Anom. Amb. 0.67 1.00 86 6 1 

kids The mother knew that the tools were coming by the sound of 
their hooves getting louder.  

Anom. Unamb. 0.67 1.00 47 5 1 

lobby The plans meant that the new lobby would be a lot more 
powerful in the future. 

Mean. Amb. 0.75 0.79 29 5 2 

lobby The plans meant that the new motor would be a lot more 
powerful in the future. 

Mean. Unamb. 0.75 0.79 43 5 2 

lobby The plans meant that the new relief would be a lot more 
powerful in the future. 

Anom. Amb. 0.75 0.79 58 6 2 

lobby The plans meant that the new breakfast would be a lot more 
powerful in the future. 

Anom. Unamb. 0.75 0.79 59 9 2 

log They were surprised to find that the old log was so easy to 
read without much help. 

Mean. Amb. 0.75 0.60 13 3 1 

log They were surprised to find that the old map was so easy to 
read without much help. 

Mean. Unamb. 0.75 0.60 44 3 1 

log They were surprised to find that the old jet was so easy to 
read without much help. 

Anom. Amb. 0.75 0.60 20 3 1 

log They were surprised to find that the old zoo was so easy to 
read without much help. 

Anom. Unamb. 0.75 0.60 10 3 1 

mine The report said that the mine found by the children was not 
armed in the end. 

Mean. Amb. 0.17 0.60 108 4 1 

mine The report said that the bomb found by the children was not 
armed in the end. 

Mean. Unamb. 0.17 0.60 54 4 1 

mine The report said that the page found by the children was not 
armed in the end. 

Anom. Amb. 0.17 0.60 98 4 1 
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mine The report said that the sand found by the children was not 
armed in the end. 

Anom. Unamb. 0.17 0.60 59 4 1 

mouse The woman disliked the mouse because of the way it clicked 
a bit too loudly. 

Mean. Amb. 0.80 0.89 18 5 1 

mouse The woman disliked the hinge because of the way it clicked a 
bit too loudly. 

Mean. Unamb. 0.80 0.89 7 5 1 

mouse The woman disliked the glare because of the way it clicked a 
bit too loudly. 

Anom. Amb. 0.80 0.89 20 5 1 

mouse The woman disliked the nest because of the way it clicked a 
bit too loudly. 

Anom. Unamb. 0.80 0.89 19 4 1 

note The girl was surprised by the note because it was much 
higher than she had expected. 

Mean. Amb. 0.64 0.85 176 4 1 

note The girl was surprised by the price because it was much 
higher than she had expected. 

Mean. Unamb. 0.64 0.85 166 5 1 

note The girl was surprised by the strike because it was much 
higher than she had expected. 

Anom. Amb. 0.64 0.85 175 6 1 

note The girl was surprised by the oil because it was much higher 
than she had expected. 

Anom. Unamb. 0.64 0.85 132 3 1 

nugget The man asked about the nugget and was told that it was 
chicken this time around. 

Mean. Amb. 0.39 0.39 1 6 2 

nugget The man asked about the sandwich and was told that it was 
chicken this time around. 

Mean. Unamb. 0.39 0.39 24 8 2 

nugget The man asked about the landing and was told that it was 
chicken this time around. 

Anom. Amb. 0.39 0.39 20 7 2 

nugget The man asked about the cartoon and was told that it was 
chicken this time around. 

Anom. Unamb. 0.39 0.39 7 7 2 

nut The boy wasn't paying attention to the nut when it fell off the 
bolt onto the floor. 

Mean. Amb. 0.80 0.80 23 3 1 

nut The boy wasn't paying attention to the dust when it fell off the 
bolt onto the floor. 

Mean. Unamb. 0.80 0.80 50 4 1 

nut The boy wasn't paying attention to the port when it fell off the 
bolt onto the floor. 

Anom. Amb. 0.80 0.80 32 4 1 

nut The boy wasn't paying attention to the wheat when it fell off 
the bolt onto the floor. 

Anom. Unamb. 0.80 0.80 29 5 1 
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organ The expert knew that the damaged organ would be quite 
difficult to tune after all this time. 

Mean. Amb. 0.75 0.89 25 5 2 

organ The expert knew that the damaged piano would be quite 
difficult to tune after all this time. 

Mean. Unamb. 0.75 0.89 27 5 3 

organ The expert knew that the damaged marble would be quite 
difficult to tune after all this time. 

Anom. Amb. 0.75 0.89 25 6 2 

organ The expert knew that the damaged sergeant would be quite 
difficult to tune after all this time. 

Anom. Unamb. 0.75 0.89 23 8 2 

palm The boy noticed the old man's palm and thought that it 
seemed more wilted than it had before. 

Mean. Amb. 0.83 0.79 31 4 1 

palm The boy noticed the old man's hedge and thought that it 
seemed more wilted than it had before. 

Mean. Unamb. 0.83 0.79 21 5 1 

palm The boy noticed the old man's pitch and thought that it 
seemed more wilted than it had before. 

Anom. Amb. 0.83 0.79 30 5 1 

palm The boy noticed the old man's cough and thought that it 
seemed more wilted than it had before. 

Anom. Unamb. 0.83 0.79 24 5 1 

pen Frank compared the pen to the one he had bought for his 
cattle the previous year. 

Mean. Amb. 1.00 1.00 29 3 1 

pen Frank compared the barn to the one he had bought for his 
cattle the previous year. 

Mean. Unamb. 1.00 1.00 13 4 1 

pen Frank compared the clutch to the one he had bought for his 
cattle the previous year. 

Anom. Amb. 1.00 1.00 25 6 1 

pen Frank compared the beer to the one he had bought for his 
cattle the previous year. 

Anom. Unamb. 1.00 1.00 49 4 1 

pipe The boy saw that the pipe was the same sort his father had 
laid the last time. 

Mean. Amb. 0.35 0.53 35 4 1 

pipe The boy saw that the carpet was the same sort his father had 
laid the last time. 

Mean. Unamb. 0.35 0.53 32 6 1 

pipe The boy saw that the spray was the same sort his father had 
laid the last time. 

Anom. Amb. 0.35 0.53 21 5 1 

pipe The boy saw that the ink was the same sort his father had 
laid the last time. 

Anom. Unamb. 0.35 0.53 10 3 1 

plant The newspaper reported that the plant had been very difficult 
to build from the start. 

Mean. Amb. 0.96 0.90 151 5 1 
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plant The newspaper reported that the church had been very 
difficult to build from the start. 

Mean. Unamb. 0.96 0.90 183 6 1 

plant The newspaper reported that the count had been very 
difficult to build from the start. 

Anom. Amb. 0.96 0.90 117 5 1 

plant The newspaper reported that the cook had been very difficult 
to build from the start. 

Anom. Unamb. 0.96 0.90 90 4 1 

poker Claire knew that this type of poker would probably be more 
collectible than all the others. 

Mean. Amb. 0.88 0.85 6 5 2 

poker Claire knew that this type of necklace would probably be 
more collectible than all the others. 

Mean. Unamb. 0.88 0.85 4 8 2 

poker Claire knew that this type of pupil would probably be more 
collectible than all the others. 

Anom. Amb. 0.88 0.85 49 5 2 

poker Claire knew that this type of ravine would probably be more 
collectible than all the others. 

Anom. Unamb. 0.88 0.85 5 6 2 

program When Tom looked at the program he saw that it now had 
more viruses than ever before. 

Mean. Amb. 0.48 0.53 185 7 2 

program When Tom looked at the computer he saw that it now had 
more viruses than ever before. 

Mean. Unamb. 0.48 0.53 94 8 3 

program When Tom looked at the capital he saw that it now had more 
viruses than ever before. 

Anom. Amb. 0.48 0.53 106 7 3 

program When Tom looked at the kitchen he saw that it now had more 
viruses than ever before. 

Anom. Unamb. 0.48 0.53 111 7 2 

records The students knew that the records were so old they would 
be hard to decipher without a lot of help. 

Mean. Amb. 0.74 0.70 151 7 2 

records The students knew that the messages were so old they 
would be hard to decipher without a lot of help. 

Mean. Unamb. 0.74 0.70 89 8 3 

records The students knew that the matches were so old they would 
be hard to decipher without a lot of help. 

Anom. Amb. 0.74 0.70 88 7 2 

records The students knew that the battles were so old they would be 
hard to decipher without a lot of help. 

Anom. Unamb. 0.74 0.70 90 7 2 

ruler The man hoped that the new ruler would be a lot more 
compassionate than the last. 

Mean. Amb. 0.88 0.79 18 5 2 

ruler The man hoped that the new dentist would be a lot more 
compassionate than the last. 

Mean. Unamb. 0.88 0.79 9 7 2 
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ruler The man hoped that the new shower would be a lot more 
compassionate than the last. 

Anom. Amb. 0.88 0.79 27 6 2 

ruler The man hoped that the new ocean would be a lot more 
compassionate than the last. 

Anom. Unamb. 0.88 0.79 29 5 2 

scoop The woman thought that such a big scoop might be quite a 
challenge to write in such a short time. 

Mean. Amb. 0.87 0.63 10 5 1 

scoop The woman thought that such a big memoir might be quite a 
challenge to write in such a short time. 

Mean. Unamb. 0.87 0.63 4 6 2 

scoop The woman thought that such a big lash might be quite a 
challenge to write in such a short time. 

Anom. Amb. 0.87 0.63 12 4 1 

scoop The woman thought that such a big spoon might be quite a 
challenge to write in such a short time. 

Anom. Unamb. 0.87 0.63 18 5 1 

sentence When the old man heard the sentence he thought it was too 
lenient under the circumstances. 

Mean. Amb. 0.88 0.89 60 8 2 

sentence When the old man heard the judgment he thought it was too 
lenient under the circumstances. 

Mean. Unamb. 0.88 0.89 59 8 2 

sentence When the old man heard the balance he thought it was too 
lenient under the circumstances. 

Anom. Amb. 0.88 0.89 107 7 2 

sentence When the old man heard the supper he thought it was too 
lenient under the circumstances. 

Anom. Unamb. 0.88 0.89 28 6 2 

shells The men were told that all the shells had to be removed from 
the arsenal as quickly as possible. 

Mean. Amb. 0.92 0.95 50 6 1 

shells The men were told that all the troops had to be removed from 
the arsenal as quickly as possible. 

Mean. Unamb. 0.92 0.95 44 6 1 

shells The men were told that all the knots had to be removed from 
the arsenal as quickly as possible. 

Anom. Amb. 0.92 0.95 19 5 1 

shells The men were told that all the lakes had to be removed from 
the arsenal as quickly as possible. 

Anom. Unamb. 0.92 0.95 50 5 1 

staff The man worried that a bigger staff would be more difficult to 
hold for too long. 

Mean. Amb. 0.80 0.65 126 5 1 

staff The man worried that a bigger phone would be more difficult 
to hold for too long. 

Mean. Unamb. 0.80 0.65 98 5 1 

staff The man worried that a bigger race would be more difficult to 
hold for too long. 

Anom. Amb. 0.80 0.65 109 4 1 
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staff The man worried that a bigger leader would be more difficult 
to hold for too long. 

Anom. Unamb. 0.80 0.65 143 6 2 

star The news story on the star included a picture and lots more 
gossip than ever before. 

Mean. Amb. 0.92 0.74 106 4 1 

star The news story on the actor included a picture and lots more 
gossip than ever before. 

Mean. Unamb. 0.92 0.74 84 5 2 

star The news story on the ear included a picture and lots more 
gossip than ever before. 

Anom. Amb. 0.92 0.74 88 3 1 

star The news story on the fish included a picture and lots more 
gossip than ever before. 

Anom. Unamb. 0.92 0.74 194 4 1 

strain The report said that the strain he was suffering from was not 
contagious for much longer. 

Mean. Amb. 0.48 0.37 55 6 1 

strain The report said that the disease he was suffering from was 
not contagious for much longer. 

Mean. Unamb. 0.48 0.37 86 7 2 

strain The report said that the cap he was suffering from was not 
contagious for much longer. 

Anom. Amb. 0.48 0.37 40 3 1 

strain The report said that the cheese he was suffering from was 
not contagious for much longer. 

Anom. Unamb. 0.48 0.37 31 6 1 

tables The professor disliked the tables because he thought they 
were too confusing to be of use. 

Mean. Amb. 0.88 1.00 236 6 2 

tables The professor disliked the laws because he thought they 
were too confusing to be of use. 

Mean. Unamb. 0.88 1.00 224 4 1 

tables The professor disliked the posts because he thought they 
were too confusing to be of use. 

Anom. Amb. 0.88 1.00 94 5 1 

tables The professor disliked the coffees because he thought they 
were too confusing to be of use. 

Anom. Unamb. 0.88 1.00 92 7 2 

tie Jim was worried about the tie and hoped it wouldn't ruin the 
tournament for everyone involved. 

Mean. Amb. 0.92 1.00 95 3 1 

tie Jim was worried about the rain and hoped it wouldn't ruin the 
tournament for everyone involved. 

Mean. Unamb. 0.92 1.00 87 4 1 

tie Jim was worried about the stock and hoped it wouldn't ruin 
the tournament for everyone involved. 

Anom. Amb. 0.92 1.00 77 5 1 

tie Jim was worried about the egg and hoped it wouldn't ruin the 
tournament for everyone involved. 

Anom. Unamb. 0.92 1.00 86 3 1 
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trailers The boys saw one of the trailers and asked to see the movie 
this coming weekend. 

Mean. Amb. 0.60 0.50 4 8 2 

trailers The boys saw one of the previews and asked to see the 
movie this coming weekend. 

Mean. Unamb. 0.60 0.50 2 8 2 

trailers The boys saw one of the dressers and asked to see the 
movie this coming weekend. 

Anom. Amb. 0.60 0.50 5 8 2 

trailers The boys saw one of the vases and asked to see the movie 
this coming weekend. 

Anom. Unamb. 0.60 0.50 7 5 2 

volume The man explained why the volume was not going to be 
published the following year. 

Mean. Amb. 0.88 0.84 37 6 2 

volume The man explained why the poem was not going to be 
published the following year. 

Mean. Unamb. 0.88 0.84 25 4 2 

volume The man explained why the cricket was not going to be 
published the following year. 

Anom. Amb. 0.88 0.84 30 7 2 

volume The man explained why the aircraft was not going to be 
published the following year. 

Anom. Unamb. 0.88 0.84 45 8 2 

watch The man was annoyed that the watch had not been quite as 
vigilant as he had hoped. 

Mean. Amb. 0.72 0.90 290 5 1 

watch The man was annoyed that the police had not been quite as 
vigilant as he had hoped. 

Mean. Unamb. 0.72 0.90 214 6 2 

watch The man was annoyed that the play had not been quite as 
vigilant as he had hoped. 

Anom. Amb. 0.72 0.90 541 4 1 

watch The man was annoyed that the joke had not been quite as 
vigilant as he had hoped. 

Anom. Unamb. 0.72 0.90 61 4 1 

 

 

8.3 Chapter 4: Stimuli 

Table 8.7 Stimulus list and characteristics for the No-Task and Task blocks reported in Chapter 4. Ambiguous word dominance scores were based on pilot 
testing (for details see Chapter 1, 5.1.1 Stimulus design), and indicate the proportion of pilot participant responses in a word association task that were consistent 
with the dominant meaning of the ambiguous word. The single-word score was based on presentation of the ambiguous word in isolation, while the in-context 
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score was based on presentation of the whole sentence without the final word. Conditions: Amb. = Ambiguous, Anom. = Anomalous fillers, Mean. = Meaningful 
experimental stimuli, Unamb. = Unambiguous; Freq. = lemma frequency (based on CELEX lexical database, Baayen et al., 1995); Syll. = syllables.  

Item Sentence Condition   Main noun 

    Dominance 
(single word) 

Dominance 
(in context) 

Freq. Letters  
(N) 

Syll. 
(N) 

ace The man knew that one more ace was enough to win the 
game of tennis against his rival. 

 Mean. Amb. 0.88 0.78 5 3 1 

ace The man knew that one more spurt was enough to win the 
game of tennis against his rival. 

 Mean. Unamb. 0.88 0.78 1 5 1 

appendix  She asked about the appendix and was told that it would be 
translated as soon as possible. 

 Mean. Amb. 0.58 0.79 7 8 3 

appendix  She asked about the manuscript and was told that it would be 
translated as soon as possible. 

 Mean. Unamb. 0.58 0.79 13 10 3 

arms The police kept hold of the criminals' arms after they had been 
fired one last time. 

 Mean. Amb. 0.83 0.75 42 4 1 

arms The police kept hold of the criminals' guns after they had been 
fired one last time. 

 Mean. Unamb. 0.83 0.75 99 4 1 

ball Sally worried that the ball was going to be too crowded for her 
liking.  

 Mean. Amb. 0.84 0.84 111 4 1 

ball Sally worried that the town was going to be too crowded for 
her liking.  

 Mean. Unamb. 0.84 0.84 223 4 1 

bank The old man headed for the bank but he had a long way to 
swim to reach it. 

 Mean. Amb. 0.84 0.95 177 4 1 

bank The old man headed for the boat but he had a long way to 
swim to reach it. 

 Mean. Unamb. 0.84 0.95 77 4 1 

bar The man found a bar but it was small and too rusty to be 
used. 

 Mean. Amb. 0.83 0.74 99 3 1 

bar The man found a knife but it was small and too rusty to be 
used. 

 Mean. Unamb. 0.83 0.74 46 5 1 

board John hoped that the new board would not take very long to 
decide this time around. 

 Mean. Amb. 0.44 0.53 112 5 1 

board John hoped that the new judge would not take very long to 
decide this time around. 

 Mean. Unamb. 0.44 0.53 99 5 1 
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boxer The man knew that the boxer would be in need of a good 
veterinarian as soon as possible. 

 Mean. Amb. 0.92 0.90 8 5 2 

boxer The man knew that the kitten would be in need of a good 
veterinarian as soon as possible. 

 Mean. Unamb. 0.92 0.90 7 6 2 

branch The young woman couldn't use that branch because it was 
much busier than she had expected. 

 Mean. Amb. 0.92 0.95 97 6 1 

branch The young woman couldn't use that bus because it was much 
busier than she had expected. 

 Mean. Unamb. 0.92 0.95 80 3 1 

bridge Mary discussed the bridge and said that it ought to be more 
competitive this coming week. 

 Mean. Amb. 0.88 0.95 70 6 1 

bridge Mary discussed the hunt and said that it ought to be more 
competitive this coming week. 

 Mean. Unamb. 0.88 0.95 42 4 1 

bulbs The caretaker preferred to store the bulbs inside a box in the 
old greenhouse until they were needed. 

 Mean. Amb. 0.52 0.79 12 5 1 

bulbs The caretaker preferred to store the berries inside a box in the 
old greenhouse until they were needed. 

 Mean. Unamb. 0.52 0.79 10 7 2 

button Karen knew that there was one last button that she needed to 
press in order to start. 

 Mean. Amb. 0.96 0.67 33 6 2 

button Karen knew that there was one last lever that she needed to 
press in order to start. 

 Mean. Unamb. 0.96 0.67 10 5 2 

cape The woman saw the cape and thought that it looked very 
rocky from where she stood. 

 Mean. Amb. 0.96 0.95 16 4 12 

cape The woman saw the cliff and thought that it looked very rocky 
from where she stood. 

 Mean. Unamb. 0.96 0.95 26 5 1 

chips The manager hoped that the chips he had ordered would be 
compatible this time around. 

 Mean. Amb. 0.54 0.65 21 5 1 

chips The manager hoped that the fuse he had ordered would be 
compatible this time around. 

 Mean. Unamb. 0.54 0.65 11 4 1 

coat The man hoped that the new coat would not take long to paint 
early in the morning. 

 Mean. Amb. 0.92 0.80 67 4 1 

coat The man hoped that the new roof would not take long to paint 
early in the morning. 

 Mean. Unamb. 0.92 0.80 57 4 1 

cold Ted complained about the cold and said that he needed some 
medicine as soon as possible. 

 Mean. Amb. 0.80 0.67 192 4 1 
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cold Ted complained about the nurse and said that he needed 
some medicine as soon as possible. 

 Mean. Unamb. 0.80 0.67 57 5 1 

deed John thought about the deed and wondered whether it had 
been signed within the deadline. 

 Mean. Amb. 0.58 0.55 10 4 1 

deed John thought about the lease and wondered whether it had 
been signed within the deadline. 

 Mean. Unamb. 0.58 0.55 8 5 1 

dock The man was already at the dock but had to wait for the 
magistrate for another hour. 

 Mean. Amb. 0.83 0.89 20 4 1 

dock The man was already at the jail but had to wait for the 
magistrate for another hour. 

 Mean. Unamb. 0.83 0.89 35 4 1 

drill The students liked the drill but thought it involved a lot more 
marching than they had expected. 

 Mean. Amb. 0.84 0.75 20 5 1 

drill The students liked the parade but thought it involved a lot 
more marching than they had expected. 

 Mean. Unamb. 0.84 0.75 18 6 2 

interest The man expected that any interest he received would be 
flattering for him tonight. 

 Mean. Amb. 0.24 0.70 295 8 2 

interest The man expected that any attention he received would be 
flattering for him tonight. 

 Mean. Unamb. 0.24 0.70 136 9 3 

kids The mother knew that the kids were coming by the sound of 
their hooves getting louder.  

 Mean. Amb. 0.67 1.00 90 4 1 

kids The mother knew that the sheep were coming by the sound of 
their hooves getting louder.  

 Mean. Unamb. 0.67 1.00 40 5 1 

lobby The plans meant that the new lobby would be a lot more 
powerful in the future. 

 Mean. Amb. 0.75 0.79 29 5 2 

lobby The plans meant that the new motor would be a lot more 
powerful in the future. 

 Mean. Unamb. 0.75 0.79 43 5 2 

log They were surprised to find that the old log was so easy to 
read without much help. 

 Mean. Amb. 0.75 0.60 13 3 1 

log They were surprised to find that the old map was so easy to 
read without much help. 

 Mean. Unamb. 0.75 0.60 44 3 1 

mine The report said that the mine found by the children was not 
armed in the end. 

 Mean. Amb. 0.17 0.60 108 4 1 

mine The report said that the bomb found by the children was not 
armed in the end. 

 Mean. Unamb. 0.17 0.60 54 4 1 
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mouse The woman disliked the mouse because of the way it clicked 
a bit too loudly. 

 Mean. Amb. 0.80 0.89 18 5 1 

mouse The woman disliked the hinge because of the way it clicked a 
bit too loudly. 

 Mean. Unamb. 0.80 0.89 7 5 1 

note The girl was surprised by the note because it was much 
higher than she had expected. 

 Mean. Amb. 0.64 0.85 176 4 1 

note The girl was surprised by the price because it was much 
higher than she had expected. 

 Mean. Unamb. 0.64 0.85 166 5 1 

nugget The man asked about the nugget and was told that it was 
chicken this time around. 

 Mean. Amb. 0.39 0.39 1 6 2 

nugget The man asked about the sandwich and was told that it was 
chicken this time around. 

 Mean. Unamb. 0.39 0.39 24 8 2 

nut The boy wasn't paying attention to the nut when it fell off the 
bolt onto the floor. 

 Mean. Amb. 0.80 0.80 23 3 1 

nut The boy wasn't paying attention to the dust when it fell off the 
bolt onto the floor. 

 Mean. Unamb. 0.80 0.80 50 4 1 

organ The expert knew that the damaged organ would be quite 
difficult to tune after all this time. 

 Mean. Amb. 0.75 0.89 25 5 2 

organ The expert knew that the damaged piano would be quite 
difficult to tune after all this time. 

 Mean. Unamb. 0.75 0.89 27 5 3 

palm The boy noticed the old man's palm and thought that it 
seemed more wilted than it had before. 

 Mean. Amb. 0.83 0.79 31 4 1 

palm The boy noticed the old man's hedge and thought that it 
seemed more wilted than it had before. 

 Mean. Unamb. 0.83 0.79 21 5 1 

pen Frank compared the pen to the one he had bought for his 
cattle the previous year. 

 Mean. Amb. 1.00 1.00 29 3 1 

pen Frank compared the barn to the one he had bought for his 
cattle the previous year. 

 Mean. Unamb. 1.00 1.00 13 4 1 

pipe The boy saw that the pipe was the same sort his father had 
laid the last time. 

 Mean. Amb. 0.35 0.53 35 4 1 

pipe The boy saw that the carpet was the same sort his father had 
laid the last time. 

 Mean. Unamb. 0.35 0.53 32 6 1 

plant The newspaper reported that the plant had been very difficult 
to build from the start. 

 Mean. Amb. 0.96 0.90 151 5 1 
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plant The newspaper reported that the church had been very 
difficult to build from the start. 

 Mean. Unamb. 0.96 0.90 183 6 1 

poker Claire knew that this type of poker would probably be more 
collectible than all the others. 

 Mean. Amb. 0.88 0.85 6 5 2 

poker Claire knew that this type of necklace would probably be more 
collectible than all the others. 

 Mean. Unamb. 0.88 0.85 4 8 2 

program When Tom looked at the program he saw that it now had 
more viruses than ever before. 

 Mean. Amb. 0.48 0.53 185 7 2 

program When Tom looked at the computer he saw that it now had 
more viruses than ever before. 

 Mean. Unamb. 0.48 0.53 94 8 3 

records The students knew that the records were so old they would be 
hard to decipher without a lot of help. 

 Mean. Amb. 0.74 0.70 151 7 2 

records The students knew that the messages were so old they would 
be hard to decipher without a lot of help. 

 Mean. Unamb. 0.74 0.70 89 8 3 

ruler The man hoped that the new ruler would be a lot more 
compassionate than the last. 

 Mean. Amb. 0.88 0.79 18 5 2 

ruler The man hoped that the new dentist would be a lot more 
compassionate than the last. 

 Mean. Unamb. 0.88 0.79 9 7 2 

scoop The woman thought that such a big scoop might be quite a 
challenge to write in such a short time. 

 Mean. Amb. 0.87 0.63 10 5 1 

scoop The woman thought that such a big memoir might be quite a 
challenge to write in such a short time. 

 Mean. Unamb. 0.87 0.63 4 6 2 

sentence When the old man heard the sentence he thought it was too 
lenient under the circumstances. 

 Mean. Amb. 0.88 0.89 60 8 2 

sentence When the old man heard the judgment he thought it was too 
lenient under the circumstances. 

 Mean. Unamb. 0.88 0.89 59 8 2 

shells The men were told that all the shells had to be removed from 
the arsenal as quickly as possible. 

 Mean. Amb. 0.92 0.95 50 6 1 

shells The men were told that all the troops had to be removed from 
the arsenal as quickly as possible. 

 Mean. Unamb. 0.92 0.95 44 6 1 

staff The man worried that a bigger staff would be more difficult to 
hold for too long. 

 Mean. Amb. 0.20 0.35 126 5 1 

staff The man worried that a bigger phone would be more difficult 
to hold for too long. 

 Mean. Unamb. 0.20 0.35 98 5 1 
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star The news story on the star included a picture and lots more 
gossip than ever before. 

 Mean. Amb. 0.92 0.74 106 4 1 

star The news story on the actor included a picture and lots more 
gossip than ever before. 

 Mean. Unamb. 0.92 0.74 84 5 2 

strain The report said that the strain he was suffering from was not 
contagious for much longer. 

 Mean. Amb. 0.48 0.37 55 6 1 

strain The report said that the disease he was suffering from was 
not contagious for much longer. 

 Mean. Unamb. 0.48 0.37 86 7 2 

tables The professor disliked the tables because he thought they 
were too confusing to be of use. 

 Mean. Amb. 0.88 1.00 236 6 2 

tables The professor disliked the laws because he thought they were 
too confusing to be of use. 

 Mean. Unamb. 0.88 1.00 224 4 1 

tie Jim was worried about the tie and hoped it wouldn't ruin the 
tournament for everyone involved. 

 Mean. Amb. 0.92 1.00 95 3 1 

tie Jim was worried about the rain and hoped it wouldn't ruin the 
tournament for everyone involved. 

 Mean. Unamb. 0.92 1.00 87 4 1 

trailers The boys saw one of the trailers and asked to see the movie 
this coming weekend. 

 Mean. Amb. 0.60 0.50 4 8 2 

trailers The boys saw one of the previews and asked to see the 
movie this coming weekend. 

 Mean. Unamb. 0.60 0.50 2 8 2 

volume The man explained why the volume was not going to be 
published the following year. 

 Mean. Amb. 0.88 0.84 37 6 2 

volume The man explained why the poem was not going to be 
published the following year. 

 Mean. Unamb. 0.88 0.84 25 4 2 

watch The man was annoyed that the watch had not been quite as 
vigilant as he had hoped. 

 Mean. Amb. 0.72 0.90 290 5 1 

watch The man was annoyed that the police had not been quite as 
vigilant as he had hoped. 

 Mean. Unamb. 0.72 0.90 214 6 2 

ash The woman hoped that the ash near the stage would not be 
faulty during the show.  

Anom. Amb. 0.96 0.95 43 3 1 

bat The woman discovered that the bat was old and had been 
badly dubbed by the amateur. 

Anom. Amb. 0.48 0.63 20 3 1 

bow Everyone agreed that this bow was one that needed to be 
published in the near future. 

Anom. Amb. 0.38 0.78 38 3 1 
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club The couple thought that this club was worse than the one on 
the sandwich earlier that morning. 

Anom. Amb. 0.50 0.60 123 4 1 

grain The parents were told that the grain for the boys' team would 
resign sooner or later.    

Anom. Amb. 0.42 0.89 34 5 1 

iron They thought that the new iron needed a much better advisor 
to be successful. 

Anom. Amb. 0.72 0.72 76 4 2 

landing Sarah wasn't convinced that the landing would really suit the 
hat she had bought. 

Anom. Amb. 0.79 0.80 20 7 2 

nail Sue forgot that the nail would need to be shuffled before it 
could be used. 

Anom. Amb. 0.53 0.53 31 4 1 

port Anne thought that her port would be in better condition than 
her lambs in the long run. 

Anom. Amb. 0.44 0.67 32 4 1 

pupil The man had trouble finding the pupil he needed for his motor 
on the internet. 

Anom. Amb. 0.24 0.74 49 5 2 

straw The man thought that his straw was probably bigger than his 
bunion had been. 

Anom. Amb. 0.65 0.53 25 5 1 

suit The girl recalled that the suit needed to be replaced because 
it was too blunt to be useful. 

Anom. Amb. 1.00 1.00 99 4 1 

brick The woman thought that this brick was the best she had ever 
fired in her life. 

Anom. Unamb. na na 43 5 1 

coin The man saw the coin and predicted it would not be empty for 
much longer. 

Anom. Unamb. na na 20 4 1 

cruise They saw that the cruise was the only thing left by the 
termites after they had gone. 

Anom. Unamb. na na 25 6 1 

drain It was the old man's only drain and he wanted it to be judged 
as soon as possible. 

Anom. Unamb. na na 38 5 1 

elms The prisoner knew that there were elms in the room so he 
was silent all night long. 

Anom. Unamb. na na 10 3 1 

farm He discovered that the farm was the same one that his friend 
had dropped in the cafeteria. 

Anom. Unamb. na na 91 4 1 

rug The boy checked the rug to see if it was sharp enough to use. Anom. Unamb. na na 15 3 1 

spoon On the way to the spoon, the couple hoped they had chosen 
the right trainers for their plans. 

Anom. Unamb. na na 18 5 1 

stove Simon waited for the stove but it wasn't what he had 
recommended to the committee. 

Anom. Unamb. na na 20 5 1 
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team The passenger looked at the sailor's team and noticed that it 
was rusty on the edges. 

Anom. Unamb. na na 101 4 1 

temperatures Dan looked over all the temperatures and found that most of 
them were broken after all. 

Anom. Unamb. na na 60 11 3 

zoo It was a larger zoo than the one Jill had seen in the softball 
game on Saturday. 

Anom. Unamb. na na 10 3 1 

 

 

 

 

 

 

 

8.4 Chapter 5: Stimuli 

Table 8.8 Stimulus list and characteristics for Experiment 1 reported in Chapter 5. Ambiguous word dominance scores were based on pilot testing (for details 
see Chapter 1, 5.1.1 Stimulus design), and indicate the proportion of pilot participant responses in a word association task that were consistent with the dominant 
meaning of the ambiguous word. The single-word score was based on presentation of the ambiguous word in isolation, while the in-context score was based 
on presentation of the whole sentence without the final word. Conditions: Amb. = Ambiguous, Anom. = Anomalous fillers, Mean. = Meaningful experimental 
stimuli, Unamb. = Unambiguous; Freq. = lemma frequency (based on CELEX lexical database, Baayen et al., 1995); Syll. = syllables. 

Item Sentence Condition   Main noun Final word 

   Dominance 
(single word) 

Dominanc
e (in 
context) 

Freq. Letter
s  (N) 

Syll. 
(N) 

Freq. Letter
s  (N) 

Syll. 
(N) 
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ace The man knew that one more ace might be 
enough to win the tennis. 

Amb. 0.88 0.78 5 3 1 22 6 2 

ace The man knew that one more sprint might be 
enough to win the contest. 

Unamb. 0.88 0.78 4 6 1 16 7 2 

appendix  She asked about the appendix and was told that 
it was not translated. 

Amb. 0.58 0.79 7 8 3 20 10 3 

appendix  She asked about the carnival and was told that it 
was not exciting. 

Unamb. 0.58 0.79 3 8 3 34 8 3 

article Dan looked over all the articles and found that 
most of them were broken. 

Amb. 1.00 0.94 1 8 3 60 6 2 

article Dan looked over all the horoscopes and found 
that most of them were silly. 

Unamb. 1.00 0.94 1 10 3 46 5 2 

ball Sally worried that the ball was going to be too 
crowded.  

Amb. 0.84 0.84 111 4 1 23 7 2 

ball Sally worried that the choice was going to be too 
biased. 

Unamb. 0.84 0.84 117 6 1 15 6 2 

band Sarah wasn't convinced that the band would 
really suit her hat. 

Amb. 0.70 0.84 47 4 1 68 3 1 

band Sarah wasn't convinced that the soil would really 
suit her seeds. 

Unamb. 0.70 0.84 54 4 1 49 5 1 

bank The old man headed for the bank but he had a 
long way to swim. 

Amb. 0.84 0.95 177 4 1 56 4 1 

bank The old man headed for the phone but he had a 
long way to crawl. 

Unamb. 0.84 0.95 98 5 1 26 5 1 

bar The man found a bar but it was small and very 
rusty 

Amb. 0.83 0.74 99 3 1 10 5 2 

bar The man found a dog but it was small and very 
timid. 

Unamb. 0.83 0.74 119 3 1 8 5 2 

bark The woman thought that the bark must have 
come from her neighbour's willow.  

Amb. 0.63 0.70 17 4 1 6 6 2 

bark The woman thought that the fumes must have 
come from her neighbour's boiler.  

Unamb. 0.63 0.70 6 5 1 5 6 2 

beam When Peter checked the beam, he observed that 
it was flashing. 

Amb. 0.46 0.68 23 4 1 48 8 2 



 

439 
 

beam When Peter checked the soap, he observed that 
it was dirty. 

Unamb. 0.46 0.68 21 4 1 44 5 2 

board John hoped that the new board would not take 
very long to vote. 

Amb. 0.44 0.47 112 5 1 108 4 1 

board John hoped that the new ship would not take very 
long to paint. 

Unamb. 0.44 0.47 77 4 1 98 5 1 

bonnet The child noticed that the bonnet was covered 
with lots of needlework. 

Amb. 0.71 0.65 5 6 2 2 10 3 

bonnet The child noticed that the cactus was covered 
with lots of butterflies. 

Unamb. 0.71 0.65 3 6 2 10 11 3 

bow The woman thought that this bow was the best 
she had ever fired. 

Amb. 0.38 0.78 38 3 1 210 5 1 

bow The woman thought that this cruise was the best 
she had ever planned. 

Unamb. 0.38 0.78 25 6 1 303 7 1 

boxer The man could see that the boxer was in need of 
a good vet. 

Amb. 0.92 0.90 8 5 1 9 3 1 

boxer The man could see that the tractor was in need of 
a good scrub. 

Unamb. 0.92 0.90 11 7 2 16 5 1 

branch The young woman couldn't use that branch 
because it was too busy. 

Amb. 0.92 0.95 97 6 1 61 4 2 

branch The young woman couldn't use that seat 
because it was too narrow. 

Unamb. 0.92 0.95 127 4 1 74 6 2 

button Karen knew that there was one last button that 
she had to push. 

Amb. 0.96 0.67 33 6 2 137 4 1 

button Karen knew that there was one last pencil that 
she had to sharpen. 

Unamb. 0.96 0.67 21 6 2 9 7 2 

cabinet They thought that the new cabinet needed a 
much better advisor. 

Amb. 0.71 0.79 47 7 3 20 7 3 

cabinet They thought that the new policeman needed a 
much better salary. 

Unamb. 0.71 0.79 38 9 3 28 6 3 

calf Anne thought that her calves were in better 
condition than her lambs. 

Amb. 0.48 0.60 21 4 1 22 5 1 

calf Anne thought that her shrubs were in better 
condition than her lawn. 

Unamb. 0.48 0.60 7 6 1 27 4 1 
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cap The schoolboy dropped the cap and didn't put it 
back on the biro.  

Amb. 0.68 0.63 40 3 1 1 4 2 

cap The schoolboy dropped the cheese and didn't put 
it back on the platter. 

Unamb. 0.68 0.63 31 6 1 2 7 2 

case It was the old man's only case and he wanted it 
to be judged. 

Amb. 0.63 0.74 496 4 1 99 6 1 

case It was the old man's only room and he wanted it 
to be warm. 

Unamb. 0.63 0.74 516 4 1 115 4 1 

cell It was clear that these cells were smaller than the 
ones in the other dungeon. 

Amb. 0.30 0.47 68 5 1 2 7 2 

cell It was clear that these crowds were smaller than 
the ones in the other tunnel. 

Unamb. 0.30 0.47 72 6 1 18 6 2 

change Simon waited for the change but it wasn't what 
he had recommended. 

Amb. 0.36 0.63 670 6 1 43 11 4 

change Simon waited for the end but it wasn't what he 
had predicted. 

Unamb. 0.36 0.63 575 3 1 29 9 3 

cheek She observed the boy's cheek and was surprised 
by his rudeness. 

Amb. 0.71 0.89 46 5 1 2 8 2 

cheek She observed the boy's mood and was surprised 
by his grumbling. 

Unamb. 0.71 0.89 52 4 1 0 9 2 

chest The passenger looked at the sailor's chest and 
noticed that it was rusty. 

Amb. 0.63 0.90 48 5 1 10 5 2 

chest The passenger looked at the sailor's rope and 
noticed that it was tangled. 

Unamb. 0.63 0.90 44 4 1 16 7 2 

chip The manager knew that the chips he had ordered 
would be compatible. 

Amb. 0.54 0.65 21 5 1 6 10 4 

chip The manager knew that the juice he had ordered 
would be enjoyable. 

Unamb. 0.54 0.65 24 5 1 7 9 4 

clip The woman discovered that the clip was old and 
had been badly dubbed. 

Amb. 0.56 0.63 12 4 1 3 6 1 

clip The woman discovered that the cage was old 
and had been badly chewed. 

Unamb. 0.56 0.63 18 4 1 20 6 1 

club He discovered that the club was the same one 
that his friend had dropped. 

Amb. 0.50 0.60 123 4 1 175 7 1 
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club He discovered that the bird was the same one 
that his friend had fed. 

Unamb. 0.50 0.60 103 4 1 151 3 1 

coach The parents were told that the coach for the boys' 
team was about to resign.    

Amb. 0.63 0.56 40 5 1 24 6 2 

coach The parents were told that the lunch for the boys' 
team was about to conclude.    

Unamb. 0.63 0.56 86 5 1 43 8 2 

coat The man hoped that the new coat would not take 
long to paint. 

Amb. 0.92 0.80 67 4 1 98 5 1 

coat The man hoped that the new truck would not take 
long to load. 

Unamb. 0.92 0.80 36 5 1 58 4 1 

corn The man thought that his corn was probably 
bigger than his bunion. 

Amb. 0.92 0.84 26 4 1 0 6 2 

corn The man thought that his debt was probably 
bigger than his takings.  

Unamb. 0.92 0.84 33 4 1 1 7 2 

court On the way to the court, the couple hoped they 
had chosen the right trainers. 

Amb. 0.28 0.85 153 5 1 5 8 2 

court On the way to the farm, the couple hoped they 
had chosen the right chickens. 

Unamb. 0.28 0.85 91 4 1 41 8 2 

crane The boys watched the crane by the river and saw 
that it was injured. 

Amb. 0.71 0.63 6 5 1 11 7 2 

crane The boys watched the nest by the river and saw 
that it was vacant. 

Unamb. 0.71 0.63 19 4 1 9 6 2 

cricket Pat had a good view of the cricket from her seat 
next to the insects. 

Amb. 0.84 1.00 30 7 1 24 7 2 

cricket Pat had a good view of the ocean from her seat 
next to the jetty. 

Unamb. 0.84 1.00 29 5 2 3 5 2 

deck Sue forgot that before the deck could be used it 
needed to be shuffled. 

Amb. 0.60 0.68 22 4 1 13 8 2 

deck Sue forgot that before the flag could be used it 
needed to be repaired. 

Unamb. 0.60 0.68 29 4 1 27 8 2 

deed John thought about the deed and wondered 
whether it had been forged. 

Amb. 0.58 0.55 10 4 1 12 6 1 

deed John thought about the peach and wondered 
whether it had been ripe. 

Unamb. 0.58 0.55 6 5 1 10 4 1 
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dock The man was already at the dock but was kept 
waiting by the magistrate. 

Amb. 0.83 0.89 20 4 1 14 10 3 

dock The man was already at the tomb but was kept 
waiting by the clergyman. 

Unamb. 0.83 0.89 19 4 1 7 9 3 

drill The students tried the drill but thought it involved 
too much marching. 

Amb. 0.84 0.75 20 5 1 92 8 2 

drill The students tried the bet but thought it involved 
too much danger. 

Unamb. 0.84 0.75 32 3 1 94 6 2 

drum The man saw the drum and predicted it would not 
be empty. 

Amb. 1.00 1.00 21 4 1 95 5 2 

drum The man saw the whip and predicted it would not 
be useful. 

Unamb. 1.00 1.00 27 4 1 83 6 2 

fan  The woman hoped that the fans near the stage 
would not be faulty.  

Amb. 0.44 0.84 23 5 1 4 6 2 

fan  The woman hoped that the drain near the stage 
would not be leaking.  

Unamb. 0.44 0.84 38 5 1 18 7 2 

file The girl recalled that the file needed to be 
replaced because it was blunt. 

Amb. 0.88 1.00 59 4 1 8 5 1 

file The girl recalled that the frame needed to be 
replaced because it was cracked. 

Unamb. 0.88 1.00 46 5 1 8 7 1 

foil The boy checked the foil before using it to see if it 
was sharp. 

Amb. 0.88 0.94 6 4 1 62 5 1 

foil The boy checked the mop before using it to see if 
it was wet. 

Unamb. 0.88 0.94 9 3 1 67 3 1 

glare  Kate tried to avoid the glare because it was very 
angry. 

Amb. 0.58 0.58 20 5 1 67 5 2 

glare  Kate tried to avoid the zoo because it was very 
busy. 

Unamb. 0.58 0.58 10 3 1 61 4 2 

glass The salesman unwrapped the new glass and put 
it in the skylight. 

Amb. 0.52 0.75 145 5 1 2 8 2 

glass The salesman unwrapped the new art and put it 
in the passageway. 

Unamb. 0.52 0.75 168 3 1 2 10 3 

grain The buyer had hoped to find grain of a better 
quality in that timber. 

Amb. 0.42 0.89 34 5 1 20 6 2 
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grain The buyer had hoped to find silk of a better 
quality in that clothing. 

Unamb. 0.42 0.89 26 4 1 34 8 2 

head Both parents worried that their daughter's head 
was a very odd teacher. 

Amb. 0.80 1.00 559 4 1 162 7 2 

head Both parents worried that their daughter's friend 
was a very odd person. 

Unamb. 0.80 1.00 356 6 1 262 6 2 

interest The man expected that any interest he received 
would be flattering. 

Amb. 0.24 0.70 295 8 2 13 10 3 

interest The man expected that any results he received 
would be terrific. 

Unamb. 0.24 0.70 279 7 2 12 8 3 

jam The couple thought that this jam was worse than 
the one on the motorway. 

Amb. 0.70 0.82 25 3 1 10 8 3 

jam The couple thought that this storm was worse 
than the one on the plantation. 

Unamb. 0.70 0.82 38 5 1 11 10 3 

landing The man preferred the second landing because it 
had been painted. 

Amb. 0.79 0.80 20 7 2 98 7 2 

landing The man preferred the second fabric because it 
had been softer. 

Unamb. 0.79 0.80 16 6 2 82 6 2 

letter The little boy had some letters in his bag that he 
was going to learn. 

Amb. 0.76 1.00 206 6 2 308 5 1 

letter The little boy had some paper in his bag that he 
was going to cut. 

Unamb. 0.76 1.00 226 5 2 227 3 1 

lobby The plans meant that the new lobby could 
become a lot more powerful. 

Amb. 0.75 0.79 29 5 2 81 8 3 

lobby The plans meant that the new bishop could 
become a lot more popular. 

Unamb. 0.75 0.79 32 6 2 80 7 3 

log They were surprised that the old log they found 
had been so well written. 

Amb. 0.75 0.60 13 3 1 464 7 2 

log They were surprised that the old elms they found 
had been so well watered. 

Unamb. 0.75 0.60 10 4 1 469 7 2 

match Jeff counted the matches and found that half of 
them were cancelled. 

Amb. 0.42 0.89 88 7 2 16 9 2 

match Jeff counted the soldiers and found that half of 
them were injured. 

Unamb. 0.42 0.89 84 8 2 11 7 2 
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mine The report said that the mine found by the 
children was not armed. 

Amb. 0.17 0.60 108 4 1 33 5 1 

mine The report said that the horse found by the 
children was not starving. 

Unamb. 0.17 0.60 132 5 1 20 8 1 

model The designer thought that the model was the best 
he had ever constructed. 

Amb. 0.56 0.47 86 5 2 30 11 3 

model The designer thought that the coffee was the best 
he had ever purchased.  

Unamb. 0.56 0.47 92 6 2 40 9 2 

mole The woman knew that the mole was in one of the 
embassies. 

Amb. 0.55 0.75 6 4 1 23 9 3 

mole The woman knew that the chalk was in one of the 
containers. 

Unamb. 0.55 0.75 10 5 1 12 10 3 

mould The expert examined the mould and knew it 
would take a while to fill. 

Amb. 0.63 0.80 19 5 1 139 4 1 

mould The expert examined the stove and knew it would 
take a while to heat. 

Unamb. 0.63 0.80 20 5 1 138 4 1 

mouse The woman disliked the mouse because of the 
noise it made when it clicked. 

Amb. 0.80 0.89 18 5 1 15 7 1 

mouse The woman disliked the lid because of the noise 
it made when it slammed. 

Unamb. 0.80 0.89 18 3 1 16 7 1 

nail The trainee was told that the nails should have 
been more carefully manicured. 

Amb. 0.53 0.53 31 5 1 1 9 3 

nail The trainee was told that the tools should have 
been more carefully utilised. 

Unamb. 0.53 0.53 47 5 1 7 8 3 

note The grl was surprised by the note because it was 
so high. 

Amb. 0.64 0.85 176 4 1 494 4 1 

note The grl was surprised by the sign because it was 
so large. 

Unamb. 0.64 0.85 188 4 1 482 5 1 

nugget The man asked about the nuggets and was told 
that they were chicken. 

Amb. 0.39 0.39 1 6 2 41 7 2 

nugget The man asked about the cartoons and was told 
that they were funny. 

Unamb. 0.39 0.39 7 8 2 51 5 2 

nut The boy wasn't paying attention to the nut when it 
fell off the bolt. 

Amb. 0.80 0.80 23 3 1 18 4 1 
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nut The boy wasn't paying attention to the goat when 
it fell off the cliff. 

Unamb. 0.80 0.80 28 4 1 26 5 1 

organ The expert knew that the damaged organ would 
be quite difficult to tune. 

Amb. 0.75 0.89 25 5 1 26 4 1 

organ The expert knew that the damaged leather would 
be quite difficult to sew. 

Unamb. 0.75 0.89 36 7 2 11 3 1 

panel It was the same panel that the woman had seen 
in the interview. 

Amb. 0.40 0.60 27 5 2 60 9 3 

panel It was the same cottage that the woman had 
seen in the brochure. 

Unamb. 0.40 0.60 38 7 2 8 8 2 

passage Bob was relieved that the passage had been so 
easy to learn. 

Amb. 0.71 0.68 46 7 2 308 5 1 

passage Bob was relieved that the breakfast had been so 
easy to plan. 

Unamb. 0.71 0.68 59 9 2 303 4 1 

pen Frank compared the pen to the one he had 
bought for his cattle. 

Amb. 1.00 1.00 29 3 1 32 6 2 

pen Frank compared the towel to the one he had 
bought for his bathroom. 

Unamb. 1.00 1.00 22 5 1 37 8 2 

pipe The boy saw that the pipe was the same sort his 
father had laid. 

Amb. 0.35 0.53 35 4 1 133 4 2 

pipe The boy saw that the coal was the same sort his 
father had burned. 

Unamb. 0.35 0.53 46 4 1 99 6 1 

plant The article reported that the plant had been very 
difficult to build. 

Amb. 0.96 0.90 151 5 1 246 5 1 

plant The article reported that the north had been very 
difficult to reach. 

Unamb. 0.96 0.90 144 5 1 276 5 1 

poker Clare knew that this type of poker was usually 
much more collectible. 

Amb. 0.88 0.85 6 5 2 70 11 4 

poker Clare knew that this type of forecast was usually 
much more scientific. 

Unamb. 0.88 0.85 6 8 2 62 10 4 

port The man said that this port was one that he 
would like to visit. 

Amb. 0.44 0.67 32 4 1 183 5 2 

port The man said that this aunt was one that he 
would like to please. 

Unamb. 0.44 0.67 34 4 1 134 6 1 
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post The girl wanted to ask when the post was going 
to be advertised. 

Amb. 0.75 1.00 94 4 1 15 10 3 

post The girl wanted to ask when the judge was going 
to be appointed. 

Unamb. 0.75 1.00 99 5 1 8 9 3 

program When Tom looked at the program he saw that it 
contained several viruses. 

Amb. 0.48 0.53 185 7 1 12 7 3 

program When Tom looked at the hotel he saw that it 
contained several restaurants. 

Unamb. 0.48 0.53 143 5 2 46 16 2 

punch Tom was cross that his punch had turned out to 
be far too sweet. 

Amb. 0.80 0.47 18 5 1 59 5 1 

punch Tom was cross that his roast had turned out to be 
far too tough. 

Unamb. 0.80 0.47 15 5 1 42 5 1 

pupil These were the smallest pupils Sally had seen in 
any of her patients. 

Amb. 0.24 0.74 49 6 1 74 8 2 

pupil These were the smallest aircraft Sally had seen 
in the any of her journeys. 

Unamb. 0.24 0.74 49 8 2 60 8 2 

race When told about her colleague's race, her reply 
showed a lack of prejudice. 

Amb. 0.83 0.47 109 4 1 17 9 3 

race When told about her colleague's health, her reply 
showed a lack of sympathy. 

Unamb. 0.83 0.47 132 6 1 32 8 3 

record  The students knew that the records were so old 
they would be hard to read. 

Amb. 0.74 0.70 151 7 2 373 4 1 

record  The students knew that the machines were so old 
they would be hard to miss. 

Unamb. 0.74 0.70 124 8 2 285 4 1 

ring He wanted to give the girl a ring but needed to 
find the right number. 

Amb. 0.84 0.63 148 4 1 414 6 2 

ring He wanted to give the girl a test but needed to 
find the right questions. 

Unamb. 0.84 0.63 150 4 1 442 9 2 

ruler The man hoped that the new ruler would be a lot 
more compassionate. 

Amb. 0.88 0.79 18 5 1 3 13 4 

ruler The man hoped that the new leaflet would be a 
lot more informative. 

Unamb. 0.88 0.79 18 7 2 4 11 4 

sage The women commented that the sage had not 
been very easy to consult. 

Amb. 0.75 0.95 5 4 1 31 7 2 
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sage The women commented that the yawn had not 
been very easy to suppress. 

Unamb. 0.75 0.95 10 4 1 23 8 2 

scoop The woman thought that such a big scoop might 
be quite a challenge to write. 

Amb. 0.87 0.63 10 5 1 464 5 1 

scoop Kate thought that such a big quest might be quite 
a challenge to start. 

Unamb. 0.87 0.63 8 5 1 499 5 1 

spade  The man tossed down the spade and it landed on 
the rest of the cards. 

Amb. 0.83 1.00 0 6 1 8 5 1 

spade  The man tossed down the prawn and it landed on 
the rest of the shellfish. 

Unamb. 0.83 1.00 3 5 1 3 9 2 

speaker Jack was disappointed that the speaker in the 
church hall wasn't repaired. 

Amb. 0.52 0.58 28 7 2 27 8 2 

speaker Jack was disappointed that the supper in the 
church hall wasn't pleasant. 

Unamb. 0.52 0.58 28 6 2 42 8 2 

star The article on the star included a picture and lots 
of gossip. 

Amb. 0.92 0.74 106 4 1 19 6 2 

star The article on the king included a picture and lots 
of facts. 

Unamb. 0.92 0.74 99 4 1 571 5 1 

step The schoolgirl had forgotten which steps she was 
supposed to dance. 

Amb. 0.63 0.74 160 5 1 103 5 1 

step The schoolgirl had forgotten which clothes she 
was supposed to wash. 

Unamb. 0.63 0.74 124 7 1 100 4 1 

strain The report said that the strain he was suffering 
from was contagious. 

Amb. 0.48 0.37 55 6 1 3 10 3 

strain The report said that the cough he was suffering 
from was asthmatic. 

Unamb. 0.48 0.37 24 5 1 1 9 3 

straw David checked that the straw was where he had 
left it in the barn. 

Amb. 0.65 0.53 25 5 1 13 4 1 

straw David checked that the coin was where he had 
left it in the purse. 

Unamb. 0.65 0.53 20 4 1 14 5 1 

temple The old man looked at both temples and saw that 
they were bruised. 

Amb. 0.74 0.75 29 7 2 13 7 1 

temple The old man looked at both biscuits and saw that 
they were stale. 

Unamb. 0.74 0.75 15 8 2 7 5 1 
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tie Jim was annoyed about the tie and hoped it 
wouldn't ruin the tournament. 

Amb. 0.92 1.00 95 3 1 8 10 3 

tie Jim was annoyed about the noise and hoped it 
wouldn't ruin the anecdote. 

Unamb. 0.92 1.00 77 5 1 5 8 3 

toast Anne began to make the toast with the help of an 
old microphone. 

Amb. 0.88 0.84 19 5 1 8 11 3 

toast Anne began to make the rice with the help of an 
old recipe. 

Unamb. 0.88 0.84 27 4 1 15 6 3 

trailer The boys saw one of the trailers and then asked 
to see the movie. 

Amb. 0.60 0.50 4 7 2 44 5 2 

trailer The boys saw one of the kittens and then asked 
to see the cat. 

Unamb. 0.60 0.50 7 7 2 67 3 1 

volume The man explained why the volume was not 
going to be published. 

Amb. 0.88 0.84 37 6 2 86 9 2 

volume The man explained why the landscape was not 
going to be painted. 

Unamb. 0.88 0.84 34 9 2 98 7 2 

watch  The man was annoyed that the watch had not 
proved to be more vigilant. 

Amb. 0.72 0.90 290 6 1 2 8 3 

watch  The man was annoyed that the town had not 
proved to be more tolerant. 

Unamb. 0.72 0.90 223 4 1 6 8 3 

 

Table 8.9 Stimulus list and characteristics for the Meaning Coherence Judgement task from Experiment 2 reported in Chapter 5. Ambiguous word dominance 
scores were based on pilot testing (for details see Chapter 1, 5.1.1 Stimulus design), and indicate the proportion of pilot participant responses in a word 
association task that were consistent with the dominant meaning of the ambiguous word. The single-word score was based on presentation of the ambiguous 
word in isolation, while the in-context score was based on presentation of the whole sentence without the final word. Conditions: Amb. = Ambiguous, Anom. = 
Anomalous fillers, Mean. = Meaningful experimental stimuli, Unamb. = Unambiguous; Freq. = lemma frequency (based on CELEX lexical database, Baayen et 
al., 1995); Syll. = syllables. 

Item Sentence Condition   Main noun Final word 

    Dominance 
(single word) 

Dominance 
(in context) 

Freq. Letters  
(N) 

Syll. 
(N) 

Freq. Letters  
(N) 

Syll. 
(N) 

appendix  She asked about the appendix and was told that 
it was not translated. 

Mean. Amb. 0.58 0.79 7 8 3 20 10 3 
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appendix  She asked about the carnival and was told that 
it was not exciting. 

Mean. Unamb. 0.58 0.79 3 8 3 34 8 3 

article Dan looked over all the articles and found that 
most of them were broken. 

Mean. Amb. 1.00 0.94 1 8 3 60 6 2 

article Dan looked over all the horoscopes and found 
that most of them were silly. 

Mean. Unamb. 1.00 0.94 1 10 3 46 5 2 

ball Sally worried that the ball was going to be too 
crowded.  

Mean. Amb. 0.84 0.84 111 4 1 23 7 2 

ball Sally worried that the choice was going to be too 
biased. 

Mean. Unamb. 0.84 0.84 117 6 1 15 6 2 

bar The man found a bar but it was small and very 
rusty. 

Mean. Amb. 0.83 0.74 99 3 1 10 5 2 

bar The man found a dog but it was small and very 
timid. 

Mean. Unamb. 0.83 0.74 119 3 1 8 5 2 

bark The woman thought that the bark must have 
come from her neighbour's willow.  

Mean. Amb. 0.63 0.70 17 4 1 6 6 2 

bark The woman thought that the fumes must have 
come from her neighbour's boiler.  

Mean. Unamb. 0.63 0.70 6 5 1 5 6 2 

beam When Peter checked the beam, he observed 
that it was flashing. 

Mean. Amb. 0.46 0.68 23 4 1 48 8 2 

beam When Peter checked the soap, he observed that 
it was dirty. 

Mean. Unamb. 0.46 0.68 21 4 1 44 5 2 

board John hoped that the new board would not take 
very long to vote. 

Mean. Amb. 0.44 0.47 112 5 1 108 4 1 

board John hoped that the new ship would not take 
very long to paint. 

Mean. Unamb. 0.44 0.47 77 4 1 98 5 1 

bow The woman thought that this bow was the best 
she had ever fired. 

Mean. Amb. 0.38 0.78 38 3 1 210 5 1 

bow The woman thought that this cruise was the best 
she had ever planned. 

Mean. Unamb. 0.38 0.78 25 6 1 303 7 1 

boxer The man could see that the boxer was in need 
of a good vet. 

Mean. Amb. 0.92 0.90 8 5 1 9 3 1 

boxer The man could see that the tractor was in need 
of a good scrub. 

Mean. Unamb. 0.92 0.90 11 7 2 16 5 1 
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branch The young woman couldn't use that branch 
because it was too busy. 

Mean. Amb. 0.92 0.95 97 6 1 61 4 2 

branch The young woman couldn't use that seat 
because it was too narrow. 

Mean. Unamb. 0.92 0.95 127 4 1 74 6 2 

button Karen knew that there was one last button that 
she had to push. 

Mean. Amb. 0.96 0.67 33 6 2 137 4 1 

button Karen knew that there was one last pencil that 
she had to sharpen. 

Mean. Unamb. 0.96 0.67 21 6 2 9 7 2 

cabinet They thought that the new cabinet needed a 
much better advisor. 

Mean. Amb. 0.71 0.79 47 7 3 20 7 3 

cabinet They thought that the new policeman needed a 
much better salary. 

Mean. Unamb. 0.71 0.79 38 9 3 28 6 3 

calf Anne thought that her calves were in better 
condition than her lambs. 

Mean. Amb. 0.48 0.60 21 4 1 22 5 1 

calf Anne thought that her shrubs were in better 
condition than her lawn. 

Mean. Unamb. 0.48 0.60 7 6 1 27 4 1 

case It was the old man's only case and he wanted it 
to be judged. 

Mean. Amb. 0.63 0.74 496 4 1 99 6 1 

case It was the old man's only room and he wanted it 
to be warm. 

Mean. Unamb. 0.63 0.74 516 4 1 115 4 1 

cell It was clear that these cells were smaller than 
the ones in the other dungeon. 

Mean. Amb. 0.30 0.47 68 5 1 2 7 2 

cell It was clear that these crowds were smaller than 
the ones in the other tunnel. 

Mean. Unamb. 0.30 0.47 72 6 1 18 6 2 

change Simon waited for the change but it wasn't what 
he had recommended. 

Mean. Amb. 0.36 0.63 670 6 1 43 11 4 

change Simon waited for the end but it wasn't what he 
had predicted. 

Mean. Unamb. 0.36 0.63 575 3 1 29 9 3 

chest The passenger looked at the sailor's chest and 
noticed that it was rusty. 

Mean. Amb. 0.63 0.90 48 5 1 10 5 2 

chest The passenger looked at the sailor's rope and 
noticed that it was tangled. 

Mean. Unamb. 0.63 0.90 44 4 1 16 7 2 

chip The manager knew that the chips he had 
ordered would be compatible. 

Mean. Amb. 0.54 0.65 21 5 1 6 10 4 
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chip The manager knew that the juice he had 
ordered would be enjoyable. 

Mean. Unamb. 0.54 0.65 24 5 1 7 9 4 

club He discovered that the club was the same one 
that his friend had dropped. 

Mean. Amb. 0.50 0.60 123 4 1 175 7 1 

club He discovered that the bird was the same one 
that his friend had fed. 

Mean. Unamb. 0.50 0.60 103 4 1 151 3 1 

coach The parents were told that the coach for the 
boys' team was about to resign.    

Mean. Amb. 0.63 0.56 40 5 1 24 6 2 

coach The parents were told that the lunch for the 
boys' team was about to conclude.    

Mean. Unamb. 0.63 0.56 86 5 1 43 8 2 

coat The man hoped that the new coat would not 
take long to paint. 

Mean. Amb. 0.92 0.80 67 4 1 98 5 1 

coat The man hoped that the new truck would not 
take long to load. 

Mean. Unamb. 0.92 0.80 36 5 1 58 4 1 

court On the way to the court, the couple hoped they 
had chosen the right trainers. 

Mean. Amb. 0.28 0.85 153 5 1 5 8 2 

court On the way to the farm, the couple hoped they 
had chosen the right chickens. 

Mean. Unamb. 0.28 0.85 91 4 1 41 8 2 

cricket Pat had a good view of the cricket from her seat 
next to the insects. 

Mean. Amb. 0.84 1.00 30 7 1 24 7 2 

cricket Pat had a good view of the ocean from her seat 
next to the jetty. 

Mean. Unamb. 0.84 1.00 29 5 2 3 5 2 

deck Sue forgot that before the deck could be used it 
needed to be shuffled. 

Mean. Amb. 0.60 0.68 22 4 1 13 8 2 

deck Sue forgot that before the flag could be used it 
needed to be repaired. 

Mean. Unamb. 0.60 0.68 29 4 1 27 8 2 

deed John thought about the deed and wondered 
whether it had been forged. 

Mean. Amb. 0.58 0.55 10 4 1 12 6 1 

deed John thought about the peach and wondered 
whether it had been ripe. 

Mean. Unamb. 0.58 0.55 6 5 1 10 4 1 

drill The students tried the drill but thought it 
involved too much marching. 

Mean. Amb. 0.84 0.75 20 5 1 92 8 2 

drill The students tried the bet but thought it involved 
too much danger. 

Mean. Unamb. 0.84 0.75 32 3 1 94 6 2 



 

452 
 

drum The man saw the drum and predicted it would 
not be empty. 

Mean. Amb. 1.00 1.00 21 4 1 95 5 2 

drum The man saw the whip and predicted it would 
not be useful. 

Mean. Unamb. 1.00 1.00 27 4 1 83 6 2 

fan  The woman hoped that the fans near the stage 
would not be faulty.  

Mean. Amb. 0.44 0.84 23 5 1 4 6 2 

fan  The woman hoped that the drain near the stage 
would not be leaking.  

Mean. Unamb. 0.44 0.84 38 5 1 18 7 2 

file The girl recalled that the file needed to be 
replaced because it was blunt. 

Mean. Amb. 0.88 1.00 59 4 1 8 5 1 

file The girl recalled that the frame needed to be 
replaced because it was cracked. 

Mean. Unamb. 0.88 1.00 46 5 1 8 7 1 

glare  Kate tried to avoid the glare because it was very 
angry. 

Mean. Amb. 0.58 0.58 20 5 1 67 5 2 

glare  Kate tried to avoid the zoo because it was very 
busy. 

Mean. Unamb. 0.58 0.58 10 3 1 61 4 2 

glass The salesman unwrapped the new glass and 
put it in the skylight. 

Mean. Amb. 0.52 0.75 145 5 1 2 8 2 

glass The salesman unwrapped the new art and put it 
in the passageway. 

Mean. Unamb. 0.52 0.75 168 3 1 2 10 3 

grain The buyer had hoped to find grain of a better 
quality in that timber. 

Mean. Amb. 0.42 0.89 34 5 1 20 6 2 

grain The buyer had hoped to find silk of a better 
quality in that clothing. 

Mean. Unamb. 0.42 0.89 26 4 1 34 8 2 

interest The man expected that any interest he received 
would be flattering. 

Mean. Amb. 0.24 0.70 295 8 2 13 10 3 

interest The man expected that any results he received 
would be terrific. 

Mean. Unamb. 0.24 0.70 279 7 2 12 8 3 

landing The man preferred the second landing because 
it had been painted. 

Mean. Amb. 0.79 0.80 20 7 2 98 7 2 

landing The man preferred the second fabric because it 
had been softer. 

Mean. Unamb. 0.79 0.80 16 6 2 82 6 2 

lobby The plans meant that the new lobby could 
become a lot more powerful. 

Mean. Amb. 0.75 0.79 29 5 2 81 8 3 
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lobby The plans meant that the new bishop could 
become a lot more popular. 

Mean. Unamb. 0.75 0.79 32 6 2 80 7 3 

log They were surprised that the old log they found 
had been so well written. 

Mean. Amb. 0.75 0.60 13 3 1 464 7 2 

log They were surprised that the old elms they 
found had been so well watered. 

Mean. Unamb. 0.75 0.60 10 4 1 469 7 2 

match Jeff counted the matches and found that half of 
them were cancelled. 

Mean. Amb. 0.42 0.89 88 7 2 16 9 2 

match Jeff counted the soldiers and found that half of 
them were injured. 

Mean. Unamb. 0.42 0.89 84 8 2 11 7 2 

mine The report said that the mine found by the 
children was not armed. 

Mean. Amb. 0.17 0.60 108 4 1 33 5 1 

mine The report said that the horse found by the 
children was not starving. 

Mean. Unamb. 0.17 0.60 132 5 1 20 8 1 

model The designer thought that the model was the 
best he had ever constructed. 

Mean. Amb. 0.56 0.47 86 5 2 30 11 3 

model The designer thought that the coffee was the 
best he had ever purchased.  

Mean. Unamb. 0.56 0.47 92 6 2 40 9 2 

mould The expert examined the mould and knew it 
would take a while to fill. 

Mean. Amb. 0.63 0.80 19 5 1 139 4 1 

mould The expert examined the stove and knew it 
would take a while to heat. 

Mean. Unamb. 0.63 0.80 20 5 1 138 4 1 

nail The trainee was told that the nails should have 
been more carefully manicured. 

Mean. Amb. 0.53 0.53 31 5 1 1 9 3 

nail The trainee was told that the tools should have 
been more carefully utilised. 

Mean. Unamb. 0.53 0.53 47 5 1 7 8 3 

nugget The man asked about the nuggets and was told 
that they were chicken. 

Mean. Amb. 0.39 0.39 1 6 2 41 7 2 

nugget The man asked about the cartoons and was told 
that they were funny. 

Mean. Unamb. 0.39 0.39 7 8 2 51 5 2 

organ The expert knew that the damaged organ would 
be quite difficult to tune. 

Mean. Amb. 0.75 0.89 25 5 1 26 4 1 

organ The expert knew that the damaged leather 
would be quite difficult to sew. 

Mean. Unamb. 0.75 0.89 36 7 2 11 3 1 
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panel It was the same panel that the woman had seen 
in the interview. 

Mean. Amb. 0.40 0.60 27 5 2 60 9 3 

panel It was the same cottage that the woman had 
seen in the brochure. 

Mean. Unamb. 0.40 0.60 38 7 2 8 8 2 

pen Frank compared the pen to the one he had 
bought for his cattle. 

Mean. Amb. 1.00 1.00 29 3 1 32 6 2 

pen Frank compared the towel to the one he had 
bought for his bathroom. 

Mean. Unamb. 1.00 1.00 22 5 1 37 8 2 

pipe The boy saw that the pipe was the same sort his 
father had laid. 

Mean. Amb. 0.35 0.53 35 4 1 133 4 2 

pipe The boy saw that the coal was the same sort his 
father had burned. 

Mean. Unamb. 0.35 0.53 46 4 1 99 6 1 

plant The article reported that the plant had been very 
difficult to build. 

Mean. Amb. 0.96 0.90 151 5 1 246 5 1 

plant The article reported that the north had been very 
difficult to reach. 

Mean. Unamb. 0.96 0.90 144 5 1 276 5 1 

poker Clare knew that this type of poker was usually 
much more collectible. 

Mean. Amb. 0.88 0.85 6 5 2 70 11 4 

poker Clare knew that this type of forecast was usually 
much more scientific. 

Mean. Unamb. 0.88 0.85 6 8 2 62 10 4 

port The man said that this port was one that he 
would like to visit. 

Mean. Amb. 0.44 0.67 32 4 1 183 5 2 

port The man said that this aunt was one that he 
would like to please. 

Mean. Unamb. 0.44 0.67 34 4 1 134 6 1 

post The girl wanted to ask when the post was going 
to be advertised. 

Mean. Amb. 0.75 1.00 94 4 1 15 10 3 

post The girl wanted to ask when the judge was 
going to be appointed. 

Mean. Unamb. 0.75 1.00 99 5 1 8 9 3 

program When Tom looked at the program he saw that it 
contained several viruses. 

Mean. Amb. 0.48 0.53 185 7 1 12 7 3 

program When Tom looked at the hotel he saw that it 
contained several restaurants. 

Mean. Unamb. 0.48 0.53 143 5 2 46 16 2 

punch Tom was cross that his punch had turned out to 
be far too sweet. 

Mean. Amb. 0.80 0.47 18 5 1 59 5 1 
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punch Tom was cross that his roast had turned out to 
be far too tough. 

Mean. Unamb. 0.80 0.47 15 5 1 42 5 1 

pupil These were the smallest pupils Sally had seen 
in any of her patients. 

Mean. Amb. 0.24 0.74 49 6 1 74 8 2 

pupil These were the smallest aircraft Sally had seen 
in the any of her journeys. 

Mean. Unamb. 0.24 0.74 49 8 2 60 8 2 

ring He wanted to give the girl a ring but needed to 
find the right number. 

Mean. Amb. 0.84 0.63 148 4 1 414 6 2 

ring He wanted to give the girl a test but needed to 
find the right questions. 

Mean. Unamb. 0.84 0.63 150 4 1 442 9 2 

sage The women commented that the sage had not 
been very easy to consult. 

Mean. Amb. 0.75 0.95 5 4 1 31 7 2 

sage The women commented that the yawn had not 
been very easy to suppress. 

Mean. Unamb. 0.75 0.95 10 4 1 23 8 2 

spade  The man tossed down the spade and it landed 
on the rest of the cards. 

Mean. Amb. 0.83 1.00 0 6 1 8 5 1 

spade  The man tossed down the prawn and it landed 
on the rest of the shellfish. 

Mean. Unamb. 0.83 1.00 3 5 1 3 9 2 

speaker Jack was disappointed that the speaker in the 
church hall wasn't repaired. 

Mean. Amb. 0.52 0.58 28 7 2 27 8 2 

speaker Jack was disappointed that the supper in the 
church hall wasn't pleasant. 

Mean. Unamb. 0.52 0.58 28 6 2 42 8 2 

star The article on the star included a picture and 
lots of gossip. 

Mean. Amb. 0.92 0.74 106 4 1 19 6 2 

star The article on the king included a picture and 
lots of facts. 

Mean. Unamb. 0.92 0.74 99 4 1 571 5 1 

strain The report said that the strain he was suffering 
from was contagious. 

Mean. Amb. 0.48 0.37 55 6 1 3 10 3 

strain The report said that the cough he was suffering 
from was asthmatic. 

Mean. Unamb. 0.48 0.37 24 5 1 1 9 3 

straw David checked that the straw was where he had 
left it in the barn. 

Mean. Amb. 0.65 0.53 25 5 1 13 4 1 

straw David checked that the coin was where he had 
left it in the purse. 

Mean. Unamb. 0.65 0.53 20 4 1 14 5 1 
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toast Anne began to make the toast with the help of 
an old microphone. 

Mean. Amb. 0.88 0.84 19 5 1 8 11 3 

toast Anne began to make the rice with the help of an 
old recipe. 

Mean. Unamb. 0.88 0.84 27 4 1 15 6 3 

trailer The boys saw one of the trailers and then asked 
to see the movie. 

Mean. Amb. 0.60 0.50 4 7 2 44 5 2 

trailer The boys saw one of the kittens and then asked 
to see the cat. 

Mean. Unamb. 0.60 0.50 7 7 2 67 3 1 

volume The man explained why the volume was not 
going to be published. 

Mean. Amb. 0.88 0.84 37 6 2 86 9 2 

volume The man explained why the landscape was not 
going to be painted. 

Mean. Unamb. 0.88 0.84 34 9 2 98 7 2 

ace The man knew that one more ace might be 
enough to win the bunion. 

Anom. Amb. 0.88 0.78 5 3 1 22 6 2 

ace The man knew that one more sprint might be 
enough to win the teacher. 

Anom. Unamb. 0.88 0.78 4 6 1 16 7 2 

band Sarah wasn't convinced that the band would 
really suit her jetty.  

Anom. Amb. 0.70 0.84 47 4 1 68 3 1 

band Sarah wasn't convinced that the soil would really 
suit her facts. 

Anom. Unamb. 0.70 0.84 54 4 1 49 5 1 

bank The old man headed for the bank but he had a 
long way to read. 

Anom. Amb. 0.84 0.95 177 4 1 56 4 1 

bank The old man headed for the phone but he had a 
long way to paint. 

Anom. Unamb. 0.84 0.95 98 5 1 26 5 1 

bonnet The child noticed that the bonnet was covered 
with lots of tennis. 

Anom. Amb. 0.71 0.65 5 6 2 2 10 3 

bonnet The child noticed that the cactus was covered 
with lots of wet. 

Anom. Unamb. 0.71 0.65 3 6 2 10 11 3 

cap The schoolboy dropped the cap and didn't put it 
back on the tune. 

Anom. Amb. 0.68 0.63 40 3 1 1 4 2 

cap The schoolboy dropped the cheese and didn't 
put it back on the advisor. 

Anom. Unamb. 0.68 0.63 31 6 1 2 7 2 

cheek She observed the boy's cheek and was 
surprised by his clergyman. 

Anom. Amb. 0.71 0.89 46 5 1 2 8 2 
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cheek She observed the boy's mood and was 
surprised by his barn. 

Anom. Unamb. 0.71 0.89 52 4 1 0 9 2 

clip The woman discovered that the clip was old and 
had been badly watered. 

Anom. Amb. 0.56 0.63 12 4 1 3 6 1 

clip The woman discovered that the cage was old 
and had been badly published. 

Anom. Unamb. 0.56 0.63 18 4 1 20 6 1 

corn The man thought that his corn was probably 
bigger than his sympathy. 

Anom. Amb. 0.92 0.84 26 4 1 0 6 2 

corn The man thought that his debt was probably 
bigger than his dance. 

Anom. Unamb. 0.92 0.84 33 4 1 1 7 2 

crane The boys watched the crane by the river and 
saw that it was blunt. 

Anom. Amb. 0.71 0.63 6 5 1 11 7 2 

crane The boys watched the nest by the river and saw 
that it was grumbling. 

Anom. Unamb. 0.71 0.63 19 4 1 9 6 2 

dock The man was already at the dock but was kept 
waiting by the seeds. 

Anom. Amb. 0.83 0.89 20 4 1 14 10 3 

dock The man was already at the tomb but was kept 
waiting by the salary. 

Anom. Unamb. 0.83 0.89 19 4 1 7 9 3 

foil The boy checked the foil before using it to see if 
it was silly.  

Anom. Amb. 0.88 0.94 6 4 1 62 5 1 

foil The boy checked the mop before using it to see 
if it was high. 

Anom. Unamb. 0.88 0.94 9 3 1 67 3 1 

head Both parents worried that their daughter's head 
was a very odd microphone. 

Anom. Amb. 0.80 1.00 559 4 1 162 7 2 

head Both parents worried that their daughter's friend 
was a very odd tournament. 

Anom. Unamb. 0.80 1.00 356 6 1 262 6 2 

jam The couple thought that this jam was worse than 
the one on the magistrate. 

Anom. Amb. 0.70 0.82 25 3 1 10 8 3 

jam The couple thought that this storm was worse 
than the one on the hat. 

Anom. Unamb. 0.70 0.82 38 5 1 11 10 3 

letter The little boy had some letters in his bag that he 
was going to crawl. 

Anom. Amb. 0.76 1.00 206 6 2 308 5 1 

letter The little boy had some paper in his bag that he 
was going to scrub. 

Anom. Unamb. 0.76 1.00 226 5 2 227 3 1 
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mole The woman knew that the mole was in one of 
the butterflies. 

Anom. Amb. 0.55 0.75 6 4 1 23 9 3 

mole The woman knew that the chalk was in one of 
the insects. 

Anom. Unamb. 0.55 0.75 10 5 1 12 10 3 

mouse The woman disliked the mouse because of the 
noise it made when it judged. 

Anom. Amb. 0.80 0.89 18 5 1 15 7 1 

mouse The woman disliked the lid because of the noise 
it made when it advertised. 

Anom. Unamb. 0.80 0.89 18 3 1 16 7 1 

note The girl was surprised by the note because it 
was so bruised. 

Anom. Amb. 0.64 0.85 176 4 1 494 4 1 

note The girl was surprised by the sign because it 
was so stale. 

Anom. Unamb. 0.64 0.85 188 4 1 482 5 1 

nut The boy wasn't paying attention to the nut when 
it fell off the gossip. 

Anom. Amb. 0.80 0.80 23 3 1 18 4 1 

nut The boy wasn't paying attention to the goat 
when it fell off the rudeness. 

Anom. Unamb. 0.80 0.80 28 4 1 26 5 1 

passage Bob was relieved that the passage had been so 
easy to resign. 

Anom. Amb. 0.71 0.68 46 7 2 308 5 1 

passage Bob was relieved that the breakfast had been so 
easy to consult. 

Anom. Unamb. 0.71 0.68 59 9 2 303 4 1 

race When told about her colleague's race, her reply 
showed a lack of marching. 

Anom. Amb. 0.83 0.47 109 4 1 17 9 3 

race When told about her colleague's health her reply 
showed a lack of containers. 

Anom. Unamb. 0.83 0.47 132 6 1 32 8 3 

record  The students knew that the records were so old 
they would be hard to sew. 

Anom. Amb. 0.74 0.70 151 7 2 373 4 1 

record  The students knew that the machines were so 
old they would be hard to cut. 

Anom. Unamb. 0.74 0.70 124 8 2 285 4 1 

ruler The man hoped that the new ruler would be a lot 
more crowded.  

Anom. Amb. 0.88 0.79 18 5 1 3 13 4 

ruler The man hoped that the new leaflet would be a 
lot more cracked. 

Anom. Unamb. 0.88 0.79 18 7 2 4 11 4 

scoop The woman thought that such a big scoop might 
be quite a challenge to sharpen. 

Anom. Amb. 0.87 0.63 10 5 1 464 5 1 
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scoop The woman thought that such a big quest might 
be quite a challenge to wash.  

Anom. Unamb. 0.87 0.63 8 5 1 499 5 1 

step The schoolgirl had forgotten which steps she 
was supposed to push. 

Anom. Amb. 0.63 0.74 160 5 1 103 5 1 

step The schoolgirl had forgotten which clothes she 
was supposed to write. 

Anom. Unamb. 0.63 0.74 124 7 1 100 4 1 

temple The old man looked at both temples and saw 
that they were cards. 

Anom. Amb. 0.74 0.75 29 7 2 13 7 1 

temple The old man looked at both biscuits and saw 
that they were dubbed. 

Anom. Unamb. 0.74 0.75 15 8 2 7 5 1 

tie Jim was annoyed about the tie and hoped it 
wouldn't ruin the bolt. 

Anom. Amb. 0.92 1.00 95 3 1 8 10 3 

tie Jim was annoyed about the noise and hoped it 
wouldn't ruin the biro.  

Anom. Unamb. 0.92 1.00 77 5 1 5 8 3 

watch  The man was annoyed that the watch had not 
proved to be more burned. 

Anom. Amb. 0.72 0.90 290 6 1 2 8 3 

watch  The man was annoyed that the town had not 
proved to be more broken. 

Anom. Unamb. 0.72 0.90 223 4 1 6 8 3 

 


