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Abstract 

Nouns that label emotions, such as “happiness”, “misery” and “enjoyment”, have been 

shown to have a lexical processing advantage over other “non-emotion” abstract words in 

unimpaired speakers. However, it is unknown whether emotion words are more quickly and 

accurately processed by people with aphasia. This thesis explored this question by examining 

emotion word processing in nine participants with aphasia. Performance on emotion and 

non-emotion abstract words was compared on three tasks: list recall, lexical decision and 

single-word reading. A significant emotion word advantage was found, but limited to only 

some participants and tasks. The results are discussed with focus on the possible influences 

of bilingualism, severity and level of language breakdown on the participants’ performance. 

Importantly, an emotion word advantage was evident when emotion and non-emotion words 

were matched for imageability, suggesting that the effect could not be explained by the 

heightened imageability ratings of emotion words. Possible alternate explanations for the 

emotion word processing advantage are explored, with a focus on context availability and 

valence.   
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1. Introduction 
 

1.1: Aphasia, Word-Retrieval and Concreteness 

Aphasia is an acquired language disorder that results from damage to the language 

networks of the brain with causes including cerebrovascular disease, brain tumour and traumatic 

brain injury. While exact incidence numbers are difficult to obtain (Code & Petheram, 2011), it 

is estimated that of the 56 000 strokes that occur in Australia each year (Stroke Foundation, 

2017), approximately one third will result in aphasia (e.g., Ferreira, 2012). Communication is 

fundamental to the human experience: we communicate when we socialise, when we go about 

daily tasks, when we work and when we learn. Thus, aphasia can have a profound impact on the 

individual that may be felt across many facets of his or her life.  

 

An integral first step in the treatment of aphasia is to identify the patterns of difficulty 

displayed by the person with aphasia. In the case of an individual who has impaired word-

retrieval, this may involve determining the word types that present the greatest difficulty, for 

example: Does the individual display impaired production of verbs but not nouns? Are inanimate 

objects more difficult to name than animate objects? One of the parameters that is known to 

influence word retrieval is the “concreteness” of the concept to which a word refers. Studies with 

unimpaired populations have demonstrated that concrete nouns (physical entities/objects) are 

more accurately and quickly processed than abstract nouns (concepts without a physical form) 

(e.g., Christian, Bickley, Tarka & Clayton, 1978; James, 1975; Paivio, 1969; Paivio, Walsh & 

Bons, 1994). Effects of concreteness on word processing are also evident in people with aphasia. 

For example, Franklin, Howard and Patterson (1994) present the case of DRB, a man with 

aphasia who had difficulty in tasks that required a word to be linked with its meaning, for 

example word-to-picture matching and generation of word associations, despite intact access to 
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its lexical form. Crucially, his performance was modulated by concreteness, with greater 

difficulty with abstract words than concrete words. In a later study, Franklin, Howard and 

Patterson (1995) investigated DRB’s word production, and again found an effect of concreteness 

with his word-retrieval difficulties being greater for abstract than concrete words. However, 

individual cases in which people with aphasia display a “reverse-concreteness effect” have also 

been reported, particularly in primary progressive aphasia. For example, Breedin, Saffran and 

Coslett (1994) described a case of a person with semantic variant primary progressive aphasia 

who was more accurate in providing definitions of abstract words than concrete words and also 

demonstrated an advantage for abstract words over concrete words on a word-to-picture 

matching task. 

 

Research concerning the concreteness effect has usually treated abstract words as a 

monolithic group, bound together by what they lack - a physical form. However, some 

researchers have suggested that more attention needs to be given to how abstract words are 

encoded and whether there might be sub-categories of abstract words that may be more or less 

difficult to process (e.g., Ghio, Vaghi, Perani, & Tettamanti, 2016; Setti & Caramelli, 2005). 

One potential sub-category of abstract words that has received particular attention is “emotion 

words”, that is, words that describe emotion or feeling states. Currently, research suggests that 

unimpaired speakers process emotion words differently from abstract words that do not refer to 

emotions, with emotion words having a processing advantage (e.g., Altaribba & Bauer, 2004). 

However, little is known about the processing of emotion words by people with aphasia. 

Specifically, do people with aphasia show a processing advantage for emotion words compared 

with non-emotion abstract words as is reported for unimpaired speakers? This is the aim of the 

research presented here. 
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1.2: What are “Emotion Words”? 

The term “emotion words” is subject to variable usage across different research 

traditions. Some authors use the term to include not only words that refer to emotions but also 

words with emotional connotations such as “freedom” (e.g., Kousta, Vinson & Vigliocco, 2009; 

Scott, O’Donnell, Leuthold & Sereno, 2009) or taboo words such as “damn” (e.g., Ayçiçegi-

Dinn & Caldwell-Harris, 2009). In contrast, others have used a more restricted definition of 

“emotion words” to include only those words that specifically label emotions such as “love”, 

“hate” or “embarrassment” (e.g., Altarriba & Bauer, 2004; Altarriba, Bauer & Benvenuto, 1999; 

Zhang, Teo & Wu, 2019). In this study, as the primary concern is to investigate retrieval of 

words that refer to specific emotions compared with other abstract words, this stricter definition 

of emotion words is applied as characterised by Knickerbocker, Johnson and Altarriba (2015): 

“Emotion words label a state of mind that can be experienced.” (p. 787).  

 

In order to understand why emotion word processing may differ from other abstract 

words it is necessary to first consider what makes concrete words “concrete” and abstract words 

“abstract”, as well as the cognitive mechanisms that are believed to underpin the concreteness 

effect.  

 

1.3: The Concreteness Effect 

 Crystal (2003) outlines the distinction between concrete and abstract nouns as the 

presence or absence of a physical form: “concrete [is] said of nouns which refer to physical 

entities [and] contrasts with abstract which applies to nouns lacking a physical reference” (p. 

460). However, this division is not always clear-cut; while some words are always concrete and 

some are always abstract, there are a number of words to occupy a grey area in that they can be 

abstract or concrete depending on context. Consider, as an example, the word “property”. If used 
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in a sentence to refer to the notion of ownership e.g., “They needed to protect their intellectual 

property”, then it does not refer to a physical entity and is therefore abstract. However, in the 

sentence, “They inspected the property on Saturday”, the word is being used synonymously with 

“house” and thus is concrete. Given this ambiguity, it is important in linguistic research to have 

clear methods by which to quantify “concreteness”. This is usually achieved using ratings of 

concreteness (how concrete a concept is) and/or imageability (how easily a word conjures a 

mental image). Given that physical entities are typically easy to think of as images, 

unsurprisingly imageability and concreteness usually correlate, with high concreteness words 

also having high imageability, and low concreteness words having low imageability. However, 

emotion words are an exception to this rule. While emotion words are rated low in concreteness, 

they tend to have moderate to high imageability ratings (e.g., Altarriba et al., 1999; Dellantonio, 

Mulatti, Pastore & Job, 2014; Paivio, Yuille & Madigan, 1968). This mismatch may have 

implications for the lexical processing of emotion words as the correlation between imageability 

and concreteness underpins one of the dominant theories used to explain the concreteness effect: 

“Dual-Coding Theory” (e.g., Paivio, 1991, Paivio, Rogers & Smythe, 1968).  

 

Dual-Coding Theory proposes that human cognition has two symbolic representational 

systems: a verbal system known as “logogens” which includes both written and spoken words, 

and a nonverbal system known as “imagens” (e.g., Paivio, 1991). According to Dual-Coding 

Theory, all words have a “logogen” encoding, however concrete words, by virtue of their high 

imageability, can also be represented nonverbally as visual imagery. The dual representations of 

concrete words are thought to have an additive effect on activation of the word-form, which in 

turn explains the processing advantage for concrete words over abstract words.   
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An alternate theory of the concreteness effect was posited by Schwanenflugel and 

Shoben (1983) in which “context availability” is argued to account for the differences in 

behavioural outcomes for concrete and abstract words. According to this theory, because 

concrete words usually have well-understood and unchanging meanings, the word-form can be 

easily accessed even in situations where the word is removed from a meaningful context (such as 

single-word tasks). In contrast, abstract words tend to be more poorly understood and ambiguous 

in meaning and thus are more reliant on contextual information to distinguish their meaning.  

Other research has suggested that the differences between concrete and abstract words may not 

be limited to semantic features. Reilly and Kean (2007) showed that the word-form 

characteristics typical of concrete words differ from those of abstract words, for example, 

abstract words are usually longer and more morphologically complex than concrete words (see 

also Reilly, Westbury, Kean & Peelle, 2012). As a consequence, it is suggested that the 

concreteness effect may be additionally influenced by word-form properties. 

 

Evidence from brain imaging also supports the argument that abstract and concrete words 

are processed differently in the cognitive system. For example, Binder, Westbury, McKiernan, 

Possing and Medler (2005) compared fMRI results for abstract and concrete words during a 

lexical decision task. While there was some overlap in the regions activated during processing of 

both word types, differences were also evident. In particular, concrete words were associated 

with greater activation of right hemisphere regions, which the authors suggest may be indicative 

of access to nonverbal “imagery” information, consistent with Dual-Coding Theory. When 

abstract words were presented, increased activation of the left inferior frontal regions was 

evident, which is variably described as either involved in the activation of semantic associations 

(e.g., Jessen et al., 2000) or processing of the phonological form (Binder et al., 2005).  
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1.4: Emotion Word Processing Advantage 

As noted above, a number of studies have found emotion words can have a processing 

advantage compared to non-emotion abstract words. For example, Altarriba and Bauer (2004) 

directly compared the outcomes for emotion, non-emotion abstract and concrete words using a 

free recall task. Participants were presented with a list of 30 words of each word type and then 

were asked to recall as many words as possible. The participants recalled significantly more 

emotion words than non-emotion abstract words and also, perhaps surprisingly, more emotion 

words than concrete words. Differences between emotion and non-emotion word processing 

have been demonstrated on a number of other tasks including: visual lexical decision (Altarriba 

& Bauer, 2004),  eye-fixations in reading (Knickerbocker et al., 2015) and a false recall task 

(Bauer, Olheiser, Altarriba & Landi, 2009) (See Table 1 for an overview of the literature). While 

the majority of studies have found that emotion words have a processing advantage, studies with 

bilingual participants have had mixed results. To date, two studies have examined processing of 

emotion and non-emotion abstract words in proficient bilinguals. El-Dakhs and Altarriba (2018) 

found that late Arabic-English bilinguals displayed an emotion word advantage on a free recall 

task in both their first and second languages, however, they did not show a difference between 

emotion and non-emotion words on an association generation task in either language. Zhang et 

al. (2019) examined Chinese-English bilinguals’ performance on a modified flanker task in 

which participants indicated if the font colour of a target word was congruent with the colour of 

a non-target word.  They found that there were no significant differences in accuracy or response 

latencies between emotion words and neutral words. However, as participants were only tested 

in their second language (English) it is not possible to determine if the same participants would 

have performed differently in their first language (Chinese). With the aim of examining emotion 

words in second language acquisition, Altarriba and Basnight-Brown (2012) taught Spanish 

words for emotion, concrete and non-emotion abstract concepts to monolingual English 
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speakers. Following a learning phase, the participants completed a translation task, on which it 

was found that emotion words resulted in more errors and longer response latencies than both 

concrete and non-emotion abstract words. The authors suggested that this showed that emotion 

words, despite usually having a processing advantage in a speaker’s first language, may be 

particularly difficult to acquire in second language learning.  

 

The processing advantage for emotion words compared with non-emotion abstract words 

has usually been interpreted within Dual-Coding Theory and therefore as underpinned by the 

high imageability ratings of emotion words (e.g., Altarriba & Bauer, 2004). Yet, to date studies 

investigating words that label emotions have not included a manipulation of imageability to 

directly examine this theory. In other words, there has been no direct test of the Dual Coding 

Theory’s prediction that an emotion-label word processing advantage should disappear when 

emotion and non-emotion abstract words are matched for imageability. Importantly, in Altarriba 

and Bauer (2004) emotion words were found to have an advantage over concrete words (which 

have high imageability). This suggests that other factors might influence emotion and non-

emotion word processing beyond imageability. This issue has been explored by other authors 

who argue that imageability may not underlie the emotion word processing advantage and 

instead it may be driven by the inherent “emotionality” of the words (Kousta, Vigliocco, Vinson, 

Andrews & Del Campo, 2011; Kousta et al., 2009; Vigliocco, Kousta, Vinson, Andrews, & Del 

Campo, 2013; Vinson, Ponari & Vigliocco, 2014). The “emotionality” of words can be defined 

by two dimensions: valence (how positive or negative a word is) and arousal (how active or 

passive a concept is) (e.g. Russell, 1980). Regarding valence, emotion words are commonly 

rated at the extremes: they are either strongly positive (e.g., “happiness”), or strongly negative 

(e.g., “anger”) while on ratings of arousal, emotion words can be placed on a continuum from 
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active (e.g., “excitement”) to passive (e.g., “serenity”) (Cowie & Cornelius, 2003; Cowie et al., 

1999).  

 

Kousta et al. (2009) showed that valence, but not arousal, appeared to influence word 

processing. Using a lexical decision task, they found that both negatively valanced and positively 

valanced words had a processing advantage over neutral words, and that this was unrelated to 

arousal ratings. Similarly, Vinson et al. (2014) found that words with extreme valence had 

shorter latencies on a lexical decision task than words with neutral valence, however arousal 

ratings did not influence outcomes. Kousta et al. (2011) investigated the influences of 

concreteness, imageability and valence on the processing of words with emotional associations. 

A regression analysis using data from the English Lexicon Project database (Balota et al., 2007) 

indicated that valence significantly influenced outcomes on a lexical decision task, however 

concreteness and imageability did not.  

 

 Strong valence ratings are not limited to words that refer to emotions, but also include 

words that have emotional connotations (e.g., “dagger”) and Kousta et al. (2009; 2011) and 

Vinson et al. (2014) included a range of strongly valanced words in their studies. However, 

words that specifically label emotions have been shown to have an advantage on behavioural 

outcomes compared with emotion-laden words (i.e., words that have emotional connotations; 

e.g., Altarriba & Basnight-Brown, 2011; Kazanas & Altarriba, 2016; Knickerbocker & Altarriba, 

2013). This suggests that valence alone cannot account for the emotion word processing 

advantage, with a possible explanation being that imageability and valence both play a role. 
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Table 1 
 
Summary of Research Regarding Processing of Emotion Label Words.  
 

Authors Comparison Word/Set Matching Criteria Task/s Emotion Word 
Advantage?  

Altarriba & Bauer (2004) 
Non-Emotion Abstract, 

Concrete 
Word Length, Frequency 

Free Recall; Yes 
Visual Lexical Decision Yes 

Bauer et al. (2009) Non-Emotion Abstract Word Length, Frequency False Recall Paradigm Yes 

Knickerbocker & Altarriba (2013)  
Emotion Laden, Neutral 

Words  
Word Length, Frequency, Orthographic N Repetition Blindness  Yes 

Knickerbocker et al. (2015) 
Emotion Laden, Neutral 

Words  
Word Length, Frequency, Orthographic N Eye Fixation in Sentence Reading Yes 

BILINGUAL STUDIES         

Altarriba & Basnight-Brown (2012) Non-Emotion Abstract Word Length, Frequency Translation Task No 

El-Dakhs & Altarriba (2018) Non-Emotion Abstract Word Length, Frequency 
Bilingual Free Recall; Yes 

Word-Association Task No 

Zhang et al. (2019) 
Emotion Laden, Neutral 

Words 
Word Length, Frequency, Valence, Arousal Modified Flanker Task No 

CLINICAL STUDIES         

Hsieh et al. (2012) Non-Emotion Abstract 
Word Length, Frequency, Syllables, Valence, 

Arousal, Concreteness 
Synonym Matching No (PPA) 

Joubert et al. (2017) Non-Emotion Abstract Frequency Similarity Judgment   No (PPA) 

Notes. Included are studies comparing emotion with non-emotion words. Studies classify “emotion words” as words that specifically label emotions. Clinical studies (Hsieh et al., 
2012 and Joubert et al., 2017) included participants with primary progressive aphasia (PPA). Participants in all other studies were unimpaired speakers.  Studies were conducted 
in English with the exceptions of El-Dakhs & Altarriba (2018): Arabic and English; Altarriba & Basnight-Brown (2012): Spanish; Joubert et al. (2017): French. Orthographic N 
= Orthographic Neighbourhood Size.



 10 

 

Taken together, the current literature indicates that while the mechanism underpinning an 

emotion word processing advantage remains a point of contention, the argument that emotion 

has an advantageous effect on word processing in unimpaired speakers is largely undisputed 

(with a possible exception of bilingual speakers). Word processing in aphasia is subject to many 

of the same influences from word variables as is found in unimpaired speakers, including 

imageability/concreteness (e.g., Alyahya, Halai, Conroy & Lambon Ralph, 2018b; Bird, Howard 

& Franklin, 2003). For this reason, it would be expected that people with aphasia should also 

display a processing advantage for emotion words compared to other non-emotion abstract 

words. In the following section, literature regarding the perception, comprehension and verbal 

expression of emotion in people with aphasia will be discussed.  

 

 

1.5: Emotion Processing by People with Aphasia 

A prerequisite for the appropriate use and understanding of emotion words is the ability 

to perceive and comprehend emotions. These functions have usually been found to be 

unimpaired in people with aphasia. For example, studies comparing people with aphasia and 

right-hemisphere brain damaged (RHD) participants consistently show that while RHD 

participants often display impaired recognition of emotion from facial expressions, this difficulty 

is rarely evident in people with aphasia (e.g., DeKosky, Heilman, Bowers & Valentstein, 1980; 

Lorch, Borod & Koff, 1998).  

 

There is also evidence that many faculties relating to the expression of emotion remain 

intact in aphasia. For example, even in very early reports, it has been noted that people with 

aphasia typically retain the ability to emote through the use of interjections or expletives (e.g. 

Head, 1921). People with aphasia are also described as communicating emotional content 
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effectively via nonverbal means such as gesture, facial expressions or pantomime (Blonder et al., 

2005; Laakso, 2014; Lorch et al., 1998). In addition, Armstrong and Ulatowska (2007) showed 

that the personal narratives of people with aphasia usually include emotional evaluations and the 

participants in their study were reported to use range of verbal techniques, such as repetition, to 

convey intensity of emotion (e.g., “It was just sad, sad, sad.”). 

 

The relative strength of people with aphasia in understanding and expressing of emotion 

is commonly attributed to the preservation of cortical regions that are thought to be activated in 

processing of both emotion and emotion words.  Processing of emotion words has been 

associated right-hemisphere activation (e.g., Borod, Andelman, Obler, Tweedy & Wilkowitz, 

1992; Landis, 2006) and with activation of distinct neural regions outside the language cortex, 

specifically limbic and motor cortices (Moseley et al., 2015; Pulvermüller, 2013).  Outcomes 

from a lesion study also suggest that non-language regions may be involved in emotion word 

processing. Dreyer et al. (2015) report the case of a participant (CA) with a lesion to the left 

supplementary motor area, who had word recognition difficulties specific to emotion words. The 

argument that the neural networks involved in processing of emotion words may be relatively 

preserved in people with aphasia is also supported by electroencephalogram (EEG) findings. 

Ofek et al. (2013) showed that evoked potentials differed between neutral and emotion words for 

both unimpaired speakers and people with aphasia. Furthermore, while evoked potentials were 

delayed in people with aphasia, both participant groups displayed a large P3 amplitude for 

emotion words, which Ofek et al. suggest indicates that processing of emotion words remains at 

least partially intact in people with aphasia. 

 

However, weaknesses in the linguistic expression of emotion have also been identified in 

people with aphasia. Lorch et al. (1998) compared the descriptions of emotional picture scenes 
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by people with aphasia and people with right-hemisphere brain damage. It was found that despite 

being asked specifically to give their emotional response to the scenes, participants from both 

groups tended to describe the physical objects in the picture, with this being particularly evident 

in participants with Wernicke’s and conduction aphasia. Blonder et al. (2005) also compared 

verbal expression of emotion by people with aphasia and people with right-hemisphere brain 

damage and showed that the participants with aphasia produced a smaller proportion of words 

with emotional connotations in conversation. Similarly, Armstrong, Mortensen, Ciccone and 

Godecke (2012) found that, compared with unimpaired speakers, people with aphasia used a 

smaller range of emotion words in conversation and that the emotion words produced were 

limited to low-intensity emotions (e.g., “like” rather than “adore”).  

 

Studies with participants with primary progressive aphasia (PPA) have made direct 

comparisons between emotion and non-emotion abstract word processing. Hsieh et al. (2012) 

showed that participants with semantic variant-PPA had no significant differences in accuracy 

for emotion and non-emotion abstract words on a synonym matching task. Joubert et al. (2017) 

found a similar pattern of results using a similarity judgment task, in which participants were 

presented with two written words and had to indicate whether they were semantically related or 

unrelated. Although the participants with semantic-variant PPA had impaired comprehension of 

abstract, concrete and emotion words overall, they showed higher accuracy for abstract words 

compared with concrete words. Judgement accuracy for emotion words was between that of 

concrete and abstract words, although not significantly different from either. In contrast, on the 

same task, unimpaired speakers were significantly more accurate for emotion words than 

concrete words. Hence, these findings do not confirm the presence of an emotion word 

advantage in semantic-variant PPA. 
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1.6: Purpose of Emotion Words 

Determining whether emotion word processing can be selectively impaired or, 

conversely, show a processing advantage in aphasia is of particular interest given the role of 

emotion words in communication. Expression of emotion is known to have benefits for 

wellbeing and mental health. For example, the inclusion of emotional content in personal 

narratives is associated with the formation and maintenance of a sense of self (e.g., Bird & 

Reese, 2006; Fivush, 2007). In the case of traumatic memories, there is evidence that describing 

emotional reactions and consequences can help people process distressing events and reach a 

state of acceptance (e.g., Frattaroli, 2006). Expression of emotional information also has a social 

function, with people who discuss emotional events with their friends reporting high levels of 

social integration (Pennebaker & Graybeal, 2001) and long-lasting relationships (Slatcher & 

Pennebaker, 2006). It is notable that each of these areas can present specific problems for people 

with aphasia. Many people with aphasia describe a sense of disconnection with their pre-injury 

self (Brumfitt, 1993) and people with aphasia are more likely to experience distress than people 

who do not develop aphasia following a stroke (Hilari et al., 2010; Thomas & Lincoln, 2008). In 

addition, the impact of aphasia on social participation is well-known and has been extensively 

reported in the literature. People with aphasia on average have fewer friendships than same-aged 

peers (Davidson, Howe, Worrall, Hickson & Togher, 2008) and many people with aphasia report 

intense feelings of loneliness (e.g., Davidson et al, 2008; Nyström, 2006; Parr, 2007). Therefore, 

given the vital communicative functions of emotion words, further investigation of emotion 

word processing in aphasia may have important implications for assessment and treatment. 
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2. Aims and Hypotheses 
 

The primary aim of this study is to investigate processing of (strongly valanced) emotion 

words by people with aphasia compared to processing of abstract words that do not refer to 

emotions (neutral valanced, non-emotion abstract words). It is hypothesised that under 

conditions where emotion words have a processing advantage for unimpaired speakers, then this 

advantage should also be evident in people with aphasia. Hence, participants with aphasia would 

be expected to show significantly greater accuracy and shorter response latencies for emotion 

words on single-word tasks. 

 

In addition, this study aims to shed further light on the cognitive mechanisms that may 

drive any observed emotion word advantage. As discussed, in the current literature there are two 

main accounts of why emotion words may have a processing advantage: 1) The emotion word 

processing advantage is driven by the same forces that underpin the concreteness effect (with 

primary focus given to the influences of imageability), or 2) The emotion word processing 

advantage is unrelated to the concreteness effect and is instead caused by valence. Here we 

concentrate on the first of these claims, and in particular, the potential influence of imageability. 

Surprisingly, despite the argument that imageability underlies emotion word advantage, currently 

none of the studies that have examined emotion-label words manipulated imageability in order to 

further investigate this claim. Thus, with this intent, we compare two sets of matched emotion 

and non-emotion words. One set matched for imageability (and a number of other factors, to be 
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outlined in a later section) and the other unmatched for imageability but matched for 

concreteness.  

 

If imageability differences underpin a processing advantage for emotion words (as 

suggested by Altarriba & Bauer, 2004), then a significant difference in accuracy and response 

latencies between the emotion and non-emotion abstract words should be found for the word set 

that is not matched for imageability, but a difference between the words types should not be 

evident for the word set that is matched for imageability. On the other hand, if a different 

mechanism, such as valence, explains the better processing of emotion words, then an emotion 

word processing advantage will be evident for both word sets. 

 

The specific aims of this study are: 

1) Do people with aphasia show an emotion word processing advantage on single-word tasks as 

measured by accuracy and response latencies? 

2) Is an emotion word processing advantage evident when a) concreteness and/or b) imageability 

is matched between emotion words and non-emotion abstract words? 

 

3. Methods 
 

 

3.1: Participants 

Participants were a convenience sample recruited from the Macquarie University Aphasia 

Group database and the Royal Rehabilitation Centre (Ryde). Selection criteria were: ability to 

provide informed consent, diagnosis of aphasia and premorbid fluent English. Participants were 

excluded from the study who had severe comprehension difficulties that may have impacted on 



 16 

their ability to provide consent and/or their understanding of the study tasks, moderate-severe 

speech impairments (e.g., dysarthria or apraxia of speech), severe reading impairments or severe 

word-finding difficulties. All participants had normal or corrected-to-normal hearing and 

eyesight. The participants received an aphasia-friendly information sheet as well as a verbal 

description of the study prior to providing written consent. The study consisted of five sessions 

of 1.5 hours conducted once per week. Participants were paid $15 per session for their 

participation. This study was conducted with ethics approval from the Macquarie University 

Human Ethics Committee. 

 

Nine (five female/four male) participants took part in the study. The participants were a 

minimum of 6 months post injury and had developed aphasia as a result of a stroke, with the 

exception of JDC who had a cerebral aneurysm.  Participants ranged in age from 42 to 82 with a 

mean age of 66 years. Four participants were bilingual (TLK, OLG, JOG, MLK), all of whom 

had lived in Australia and spoken English for a minimum of 40 years. One participant (MLK) 

was receiving individual fortnightly treatment at the time of the study. Three other participants 

(TLK, OLG and JOG) took part in weekly aphasia discussion groups. The remaining five 

participants were not receiving any speech pathology intervention at the time of the study. As 

emotional state is thought to impact on processing of words that label emotions (e.g., Niedenthal, 

Halberstadt & Setterlund, 1997), participants were screened for depression using the Short-Form 

Geriatric Depression Scale (GDS; Sheikh & Yesavage, 1986), a 15-item test with a score of 

either 1 or 0 given for each question. All participants scored five or below, indicating no 

evidence of depression. A summary of the participants’ demographic information is provided in 

Table 2.  

 

 



 17 

 

 

 

Table 2  

 

Demographic Information for Study Participants. 

 BBK DTR MMR JDC SPN TLK OLG JOG MLK 

Age 81 60 82 42 53 61 79 71 68 

Sex F F F F M M M M F 

Years Post 
Injury 1 3 3 27 3 5 7 9 1 

GDS 3 3 2 4 5 0 3 3 5 

Bilingual No No No No No 
Yes 

(Cantonese/ 
English) 

Yes 
(Spanish/ 
English) 

Yes 
(Italian/ 
English) 

Yes 
(Croatian/ 
English) 

Education 
(years) 21 13 15 15 13 19 17 18 13 

(Previous) 
Occupation Nurse Secretary Nurse Student Electrician GP Accountant Accountant Tailor 

Note. GDS = Geriatric Depression Scale. Scores above five are indicative of depression. GP = General Practitioner. 

 

 

Participants undertook a battery of background assessments to provide an overview of 

cognitive and language skills. A summary of participant outcomes is provided in Table 3, with a 

discussion of each assessment in the section following. 
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Table 3 

Background Assessment Results. 

PARTICIPANT n= 
Unimpaired 
Range Cut-

Off 
BBK DTR MMR JDC SPN TLK OLG JOG MLK 

COMPREHENSIVE APHASIA TEST (CAT)          

Cognitive Screen 38 68% 95% 100% 97% 97% 92% 97% 89% 100% 79% 

Comprehension of Spoken Language  66 85% 97% 91% 82%* 91% 86% 100% 82%* 95% 77%* 

Comprehension of Written Language  66 80% 94% 91% 82% 76%* 74%* 91% 73%* 86% 70%* 

Repetition 74 91% 99% 84%* 81%* 68%* 86%* 82%* 66%* 73%* 92% 

     Repetition of Digit Strings 
 

span of 4 7 4 5 5 5 6 4 4 6 

Naming 
           

     Naming Objects 48 90% 88%* 85%* 83%* 73%* 58%* 88%* 71%* 85%* 67%* 

     Naming Actions 10 80% 100% 80% 20%* 50%* 40%* 70%* 40%* 30%* 20%* 

     Word Fluency  
 

13 15 20 19 15 12* 19 16 11* 8* 

Spoken Picture Description  
 

33 26* 33 21* 22* 24* 25* 28* 18* 16* 

Reading 
           

     Reading Words  48 94% 92%* 100% 90%* 79%* 67%* 94% 83%* 90%* 88%* 

     Reading Complex Words  6 67% 100% 100% 100% 33%* 33% 83% 50% 33% 83% 

     Reading Function Words 6 50% 100% 100% 100% 100% 100% 100% 100% 100% 67% 

     Reading Nonwords  10 60% 60% 60% 20%* 30%* 40% 40% 40%* 0%* 40%* 

PYRAMIDS AND PALM TREES 52 94% 100% 96% 100% 90%* 92%* 94% 98% 96% 85%* 
PALPA 50: WRITTEN SYNONYM 
JUDGEMENTS 

          

      High Imageability 30 94% 100% 100% 100% 97% 90%* 93%* 93%* 87%* 57%* 

      Low Imageability 30 87% 100% 100% 100% 97% 90% 87% 93% 83%* 50%* 
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SHALLICE AND MCGILL WORD-PICTURE MATCHING        

Spoken Version            

      Concrete 30 90% 100% 97% 100% 80%* 87%* 90% 77%* 77%* 60%* 
      Abstract 30 70% 90% 87% 70% 83% 57%* 93% 77% 67%* 53%* 
      Emotion 15 73% 80% 73% 87% 73% 73% 87% 53%* 67%* 73% 

Written Version            

      Concrete  30  97% 90% 80% 83% 97% 73% 86% 80% 60% 

      Abstract 30  93% 77% 63% 83% 53% 83% 87% 73% 53% 

      Emotion 15   87% 60% 73% 80% 47% 73% 73% 60% 40% 

PALPA 35: ORAL READING REGULARITY           

      Regular 30 99% 97%* 97%* 87%* 83%* 60%* 97%* 93%* 83%* 60%* 
      Irregular 30 99% 83%* 90%* 80%* 90%* 63%* 93%* 93%* 77%* 53%* 

Notes. PALPA = Psycholinguistic Assessment of Language Processing in Aphasia (Kay, Lesser & Coltheart, 1992). Accuracy indicated as a percent of the total number of items. 
Significantly impaired outcomes are indicated in bold and with an asterisk. Norm data for PALPA Subtest 50 (Written Synonym Judgements) obtained from Nickels and Cole-
Virtue (2004). Shallice and McGill norms from Lambon Ralph, Sage and Roberts (2000).  
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3.1.1: Background Assessments 

Comprehensive Aphasia Test (CAT; Swinburn, Porter & Howard, 2004). This is a 

standardised assessment of language ability in people with aphasia. The CAT provides an 

overview of language comprehension and expression in both spoken and written modalities. A 

brief cognitive screening assessment is also included. Importantly, given that this study includes 

a recall task, this assessment includes a digit span subtest. 

 

Pyramids and Palm Trees (3 Pictures Version; Howard & Patterson, 1992). Non-

lexical semantics was assessed using the three-picture version of the Pyramids and Palm Trees 

Test in which participants are presented with a target picture at the top of a page (e.g., a 

pyramid) and two pictures below (e.g., a palm tree and a fir tree). The participant must choose 

which of the two pictures is associated with the target picture (i.e., the palm tree).  

 

PALPA Subtest 50: Written Synonym Judgements (Kay et al., 1992). This test requires 

participants to make a decision whether two written words have similar meanings (e.g., 

marriage-wedding; idea-notion) or different meanings (e.g., marriage-lamp; idea-security). Half 

the words are “high imageability” and half “low imageability”, which are matched on frequency.  

  

Shallice and McGill Word-Picture Matching (unpublished). This assesses 

comprehension of concrete, abstract and emotion words, which are approximately matched for 

familiarity and visual complexity (Warrington & Shallice, 1984). Participants are presented with 

either a written or spoken word and must choose one of four pictures to match with the target 

word. The two versions (written and spoken) of the test were presented in different sessions 

(spoken version first).  
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PALPA Subtest 35, Oral Reading: Regularity (Kay et al., 1992). This PALPA subtest 

assesses reading aloud of mono- and bi-syllabic words with regular spelling to sound mappings 

(e.g. luck) or irregular spelling-sound mappings (e.g., yacht). Word sets are matched for 

frequency, imageability, grammatical class, and length (number of letters, phonemes and 

syllables). 

 

3.1.2: Summary of Background Test Results. One role of the background testing was 

to assess working memory and reading to determine whether participants would be able to 

complete the experimental tasks. Participants were able to complete the digit span task up to a 

minimum of 4 items suggesting that working memory should be sufficient to support the recall 

task. Most of the participants scored relatively well, but below ceiling, on the oral reading 

subtests of PALPA and CAT (except MMR who was at ceiling for real word reading on the 

CAT). On the PALPA Oral Reading (Regularity) subtest, participants showed a similar number 

of errors for regular and irregular spelled words, and no participant showed a significant 

difference between regular and irregular word accuracy (Fisher Exact Test, p > .700 two-tailed 

for all participants).  The majority of errors for all participants were phonological/orthographic 

(e.g., context à concept) with a small number of no responses (SPN: 2 errors (9% of total 

errors); MMR: 1 error (10%)). Only BBK and MLK made regularisation errors (BBK: 1 error 

(17%), MLK: two errors (8%); e.g., iron à  /ɪrən/) and MLK also made one unrelated error 

(mortgage à teacher). As all participants were above floor on irregularly spelled words this 

suggested that they retained an ability to read via access to the lexicon.  
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In terms of their general language processing ability, the CAT subtests indicated that the 

participants were more impaired in language expression compared with comprehension in both 

written and spoken modalities. All participants had impaired spoken naming.  

 

Three participants (JDC, SPN and MLK) were below cut-off for the Pyramids and Palm 

Trees Test, indicating a possible semantic impairment. MLK also showed difficulty on written 

synonym matching with accuracy not significantly above chance (53% accuracy; Binomial Test, 

p = 0.699 two-tailed). The remaining participants were at ceiling or displayed only a mild 

impairment on this test. On the Shallice and McGill Word-Picture Matching Test, MMR, TLK 

and OLG had significant differences in accuracy between the test versions; OLG being more 

accurate for written presentation (McNemar’s Test: p = 0.004 two-tailed) and MMR and TLK 

both being more accurate for the spoken version (both p=0.021). For the spoken version of the 

test, JOG had impaired performance for both emotion and abstract words. Three other 

participants showed impaired performance on either emotion or abstract words (OLG emotion 

words; SPN and MLK abstract words). Notably, all of these participants (JOG, OLG, SPN and 

MLK) were also below the unimpaired range for concrete words, suggesting that their 

difficulties were not specific to comprehension of abstract or emotion concepts. 

 

3.2: Experimental Stimuli 
Experimental stimuli consisted of a total of 52 emotion abstract words and 52 non-

emotion abstract words. These stimuli were used to develop two word sets i) 50 emotion and 

non-emotion abstract words matched for imageability (but not concreteness) and ii) 36 words 

matched for concreteness (but not imageability). Due to the markedly low concreteness ratings 

and high imageability ratings for emotion words compared with the low 

imageability/concreteness ratings for non-emotion abstract words, it was not possible to match 
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on both of these dimensions. 52 concrete words were also selected which act as fillers and are 

not analysed further. 

 

All of the word stimuli were nouns. Words that could be classified as different word 

classes depending on context were only included if their dominant use was as a noun (as 

determined by their definition in the Macquarie English Dictionary, 2019). For example, both 

“love” and “hate” can be nouns or verbs.  For “love”, the dominant meaning is the noun form 

and thus it was included in the study, while “hate” was excluded as its dominant meaning is the 

verb form. Homophones were excluded (e.g., feat/feet), as were homographs (e.g., ‘entrance 

(place of entry) vs. en’trance (to fill with delight)) and compounds (e.g., sunflower).  

 

Emotion and non-emotion abstract words had concreteness ratings of less than 4.5 (on a 

seven-point scale; Glasgow Norms, Scott, Keitel, Becirspahic, Yao, & Sereno, 2019) and were 

significantly lower than the concrete words (all comparisons two-sample t-tests p < .001 (two-

tailed), see Appendix B), which had ratings greater than five. The emotion word set included 

only words that specifically labelled an emotion or feeling state and were drawn from previous 

studies: Altaribba and Bauer (2004), Altarriba et al., (1999) and Cowie et al. (1999). Valence 

ratings for the emotion words were in the range of 1 - 3.25 (negative) and 6.75 - 9 (positive) on a 

nine-point scale (ratings from the Glasgow norms; Scott et al., 2019). There was a slight 

imbalance of negative words (n=32) to positive words (n=20), which is consistent with previous 

findings that have shown a predominance of negative emotion words in English (e.g. Schrauf & 

Sanchez, 2004). Non-emotion abstract and concrete words were drawn from the neutral range, 

thereby excluding strongly valanced words. We used two-sample t-tests to determine that arousal 

and valence ratings of the emotion stimuli were significantly different from those of the non-

emotion abstract and concrete words (emotion vs. non-emotion abstract concreteness-matched 
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set: arousal t(70) = -2.41, p = .019, valence t(70) = 2.08, p = .041; imageability-matched set: 

arousal t(98) = -3.21, p = .002; valence t(98) = 2.20, p = .030; emotion vs. concrete: 

concreteness-matched set arousal t(70) = -2.97, p = .004; valence t(70) = 2.51, p = .015; 

imageability-matched set arousal t(98) = -3.81, p < .001, valence t(98) = 2.56, p = .012). 

 

The word categories were matched across a range of factors relating to frequency and 

form for both the concreteness-matched and imageability-matched sets: Log Frequency-HAL 

(written frequency), Log Frequency-Subtlex (spoken frequency), familiarity, length (number of 

letters, phonemes, syllables), orthographic neighbourhood, phonological neighbourhood, 

orthographic Levenshtein distance (OLD), phonological Levenshtein distance (OLD), number of 

morphemes and mean bigram frequency. Ratings were obtained from the English Lexicon 

Project (Balota et al., 2007) with the exceptions of familiarity, concreteness, imageability, 

arousal and valence which were obtained from the Glasgow Norms (Scott et al., 2019). The 

subset of emotion and non-emotion abstract words that were matched for concreteness were 

significantly different in imageability (concreteness: t(70) = 0.70; p = .486, imageability: t(70) = 

-2.51, p = .010) and the set that was matched for imageability was significantly different for 

concreteness (concreteness: t(98) = 4.08, p = < .001; imageability: t(98) = -0.81, p = .419). For 

those variables where we wished to ensure there was no difference between the word types, we 

used Bayesian t-tests. Moderate evidence supporting no difference between word sets (Bayes 

Factor of 0.100-0.333) was found for all variables (see Appendix A for a full list of stimuli and 

variables, and Appendix B for statistical analyses and means).  

 

The lexical decision task also included 156 nonwords, which were selected from the 

English Lexicon Project and matched with the real-word stimuli on length (number of letters), 

mean bigram frequency and orthographic neighbourhood (Bayesian t-test: number of letters: 
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Bayes Factor (BF) = 0.141; orthographic neighbourhood: BF = 0.135; mean bigram frequency: 

BF = 0.298). As the real word list included words with multiple morphemes, the nonwords were 

additionally matched by the number of pseudo-morphemes (through the inclusion of common 

English affixes e.g. “pleerful”) (Bayes Factor = 0.191).  

 

The stimuli were randomly assigned into 3 blocks each comprising approximately equal 

numbers of each word type (17-18 words/type). 

 

3.3: Experimental Tasks and Procedures 
Processing of emotion words was compared to that of non-emotion abstract words across 

three tasks: list recall, lexical decision and single-word reading. An emotion word processing 

advantage has been demonstrated on recall and lexical decision tasks in the literature with 

unimpaired speakers (Recall: e.g., Altarriba & Bauer, 2004; El-Dakhs & Altarriba, 2018; Lexical 

Decision: e.g., Altarriba & Bauer, 2004; Kousta et al., 2009; Vinson et al., 2014). We 

additionally included single word reading to examine word production. Reading was chosen 

rather than picture naming due to the low pictureability of abstract and emotion words.  

 

All three tasks used the same stimuli (52 emotion abstract, 52 non-emotion abstract; 52 

concrete) split into three blocks (as described above). Each task took place over three sessions, 

one block per session (Table 4 provides an example session schedule). No block was repeated 

within a session. 

 

Background assessments and experimental tasks were completed over five sessions of 

approximately 1.5 hours each, one week apart.  The first session always comprised background 

testing, and sessions 1 - 4 included both experimental tasks and further background testing. Each 
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block appeared first in a different task, counterbalanced across participants. If a session included 

a list recall task, this was always completed first to reduce the possibility of accidental recall of 

words from other blocks used in other tasks. Session order was also counterbalanced across 

participants. Table 4 presents an example outline of the study sessions. 

 

Table 4 
 
Example Schedule of Tasks. 
 

Session 1 Session 2 Session 3 Session 4 Session 5 

Comprehensive 
Aphasia Test List Recall Block 2 List Recall Block 3 Reading Block 2 List Recall Block 1 

Shallice and 
McGill (Spoken) 

Lexical Decision 
Block 3 Reading Block 1 Lexical Decision 

Block 1 Reading Block 3 

Geriatric 
Depression Scale PALPA Oral Reading Lexical Decision 

Block 2 
Shallice and 

McGill (Written) 
Pyramids and Palm 

Trees Test 

  PALPA Synonym 
Judgements 

  

Notes. Order of task presentation was counterbalanced across participants. Experimental tasks in bold font, 
background assessments in normal font. Sessions were separated by one week. 

 

Dependent variables were accuracy data for all tasks and response times (for correct 

responses) for lexical decision and reading. An outline of the procedures for each study task is 

provided below. 

 

3.3.1: List Recall. The list recall task followed the procedures described by Altarriba 

and Bauer (2004) with some adaptations in order make the task more accessible for people with 

aphasia. Similar to Altarriba and Bauer, word types were presented blocked (i.e., recall for 

emotion words was separate from recall for non-emotion abstract).  Although our study had 

more items (52 per set, compared with 20 per set) as the stimuli were presented in three blocks, 

participants received a similar number of items as in Altarriba and Bauer in each session (three 

17-18 word lists per word type). Within a single session, one list of each word type (emotion, 
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non-emotion abstract and concrete) was presented with the order of presentation counterbalanced 

between sessions.  

 

The participants were instructed that they would hear a list of words which they would 

need to remember. The words were presented in the same random order at a rate of five 

seconds/word, however unlike Altarriba and Bauer (2004) who presented the words as auditory 

recordings, the word lists were presented as videos of the researcher saying the words in order to 

allow the participants to benefit from lipreading cues. The participants were asked to verbally 

recall list items in any order (“free recall”) immediately following completion of the list 

presentation.  

 

As we predicted that some participants may be impaired in free recall due to word 

production difficulties, immediately following free recall, we additionally used an identification 

task (hereafter referred to as “identification recall”). For this task, participants were presented 

with written target words intermixed with distractor words (at a ratio of 2 target words to 1 

distractor word). Participants were asked to identify words that they recognised from the list.  

 

3.3.2: Lexical Decision. The lexical decision task required the participants to decide 

whether the presented written target was a real English word or not. The task was presented 

using PsychoPy 3.0 (Peirce et al., 2019) which allows accuracy and response time data to be 

collected from a button-press response. An equal number of nonword and real word (156 each) 

test items were presented split across the three testing blocks.  

 

Each presentation began with four filler words (two real words, two nonwords) to 

familiarise the participants with the procedure. During this time, the researcher provided 
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feedback and reiterated the task instructions if necessary. The stimuli were presented in 

lowercase size 60 black Arial font in the centre of a light grey screen. Participants responded 

using one hand to press the left arrow key on the keyboard for a “yes” (indicating a real word) 

and the right arrow key for a “no” response (indicating a nonword). In order for the keys to be 

easily identifiable by the participants, they were labelled with a green sticker with the word 

“yes” and a red sticker with the word “no”.  The stimulus word disappeared after two seconds 

and response latencies beyond this period were not collected. The next trial was initiated by the 

participant pressing the spacebar button on the computer.  

 

3.3.3: Single-Word Reading Aloud. Single written words were presented in 

randomised order within each block using PsychoPy 3.0. The words were presented in lowercase 

size 60 black Arial font on a light grey screen, as per the lexical decision task. The participants 

were provided with written and verbal instructions indicating that they would see a single word 

on the screen which they needed to read aloud as quickly as possible. 

 

 Each presentation began with three practice items during which time the researcher 

provided feedback if needed. Each trial lasted for five-seconds after which the stimulus word 

would disappear. The PyschoPy program recorded a single Waveform audio file for each trial 

using a condenser microphone, with the recording initiating simultaneously with the presentation 

of the stimulus word and ending after 5 seconds. Thus, only responses completed within that 

time period were included in the analysis. The participant initiated the next trial by pressing the 

spacebar.  
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3.4: Response Scoring and Data Pre-Processing. 
3.4.1: Accuracy Data. Accurate responses for the free recall task were correct 

productions of target stimuli from the list presented, or productions with minor phonological 

errors (defined as nonwords that had only one phoneme difference and that were unambiguous 

attempts at a target word e.g., “bappiness” for “happiness”). Words from other lists (e.g., a word 

from the concrete list when assessing the emotion word list) or non-target words were counted as 

incorrect. Oral reading accuracy was based on the first full response, which was defined as the 

first response that could comprise a phonotactically legal word (defined as a combination of 

English-language phonemes containing at least one vowel, not including a short vowel in word 

final position). False starts which contained phonemes in the same order as a subsequent 

response (e.g. co.. co.. corn) were not considered a full response and the subsequent response (in 

this example, “corn”) would be coded. Accuracy for the lexical retrieval task was based on an 

accurate button press response with no time limit. 

 

3.4.2: Response Latency Data. Response latencies were analysed for correct 

responses. Response latencies for the lexical decision task were recorded by the PyschoPy 

programme. For oral reading, response latencies were manually adjusted for correct responses 

only by inspection of the waveform using Audacity audio editor software (Version 3.2.1). 

Response times were determined by the initiation of the first full response measured in 

milliseconds. Responses that included false starts before the full response were excluded from 

response time analysis (e.g., “ha, happiness”) as were responses with filled pauses (e.g., “um”) 

where the initiation point of the full response was difficult to determine from the waveform. In 

addition, response latencies were not obtainable for 11 words for MMR (8% of total correct 

responses; 4 emotion words, 4 non-emotion abstract words, 3 concrete words) due to background 

noise making the initiation point unclear. Prior to analysis, response latency data were inspected 
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for responses under 200 milliseconds or more than three standard deviations above each 

participant’s mean, for removal from the data set.  The percentage of outliers excluded was 

between 0.9% and 4.8% of total responses (BBK: Lexical Decision: 1%; Reading: 1.1%; DTR: 

Lexical Decision: 1.9%, Reading: 0.9%; MMR: Reading: 0.9%; JDC: Lexical Decision: 2%; 

SPN: Lexical Decision: 4.8%, Reading: 1%; TLK: Lexical Decision: 1%, Reading: 2%; OLG: 

Lexical Decision: 0.9%, Reading: 0.9%; JOG: Lexical Decision: 1%; MLK: Lexical Decision: 

2.9%). 

 

4. Results 
 

4.1: List Recall 
In free recall, participants were able to recall only a very small number of words, 

nevertheless, significant differences between emotion and non-emotion word recall were evident 

for two participants. JDC recalled significantly more emotion words than non-emotion abstract 

words for the concreteness-matched word set (Fisher Exact Test; exact p = .036, two-tailed). 

SPN also showed better recall for the emotion words, however this was significant for the 

imageability-matched word set only (p = .031). All other comparisons were non-significant (p > 

.05, see Appendix D for full details of statistical results). 

 

On the identification recall task, all participants produced significantly more ‘yes’ 

responses to targets than distractors (Fisher Exact Test, all p < .001 two-tailed), indicating 

performance greater than chance. JDC once again showed significantly better performance for 

emotion words and this was evident for both the concreteness-matched (p = .001) and 

imageability-matched (p = .006) word sets. Although SPN was numerically more accurate at 

identifying emotion words in both word sets, this was not significant (concreteness matched set p 
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= .563; imageability-matched set, p = .329). Other participants all showed non-significant effects 

(p > .05). Figure 1 shows total number words accurately recalled and identified in the two word 

sets (concreteness-matched and imageability-matched). 

 

We additionally considered whether a there was a difference between performance for 

the emotion and non-emotion abstract words at the group level using Stouffer’s Z-test (Zaykin, 

2011). This method combines the participants’ z-scores to form an overall group Z. In addition, a 

test of homogeneity was conducted to determine if there was a significant difference in the 

pattern of outcomes across participants.  A significant effect combined across participants was 

found for the identification recall task for the concreteness-matched set and a trend for the free 

recall task (free recall: z = -1.70, p = .089 two-tailed; identification recall: z = -2.87, p = .004) 

and for both free recall and identification recall on the imageability-matched set (free recall: z = -

2.37, p = .018; identification recall: z = -2.25, p = .024). Across the group, outcomes were not 

significantly heterogeneous for either set (concreteness-matched set, free recall: H(8) = 6.63, 

p=.577; identification recall: H(8) = 9.14, p = .331; imageability-matched set, free recall: H(8) = 

4.68, p=.792; identification recall: H(8) = 9.11, p = .333). 

 

As four of our participants were bilingual, we also examined whether the pattern of 

outcomes for the bilingual participants differed from the monolingual participants, albeit with 

little power given the small number in each subgroup: there were no significant differences 

between the monolingual and bilingual groups on this task (two sample t-test comparing z-

scores: concreteness-matched set: free recall t(7) = 1.35, p = .215;, identification recall t(7) = 

0.61, p = .556; imageability-matched set: free recall t(7) = 1.24, p = .249, identification recall 

t(7) = 1.21, p = .260).
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Figure 1: List recall results. Upper panels show free recall accuracy, lower panels show identification recall accuracy. *  indicates p < .05 on a Fisher Exact (two-tailed) for 
individual participants and Stouffer’s Test for group data. Initials refer to participants, grouped into monolingual (BBK, DTR, MMR, JDC, SPN) and bilingual (TLK, OLG, JOG, 
MLK) and ordered by severity of reading difficulties.
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4.2: Lexical Decision 
All participants performed significantly above chance on the lexical decision task (all 

participants, Binomial test, p < 0.001, two-tailed). With the exception of MLK, participants 

performed at or close to ceiling for both the concreteness-matched and imageability-matched 

word sets (see Figure 2). No significant differences in accuracy between the word types were 

evident for any participant (all participants, Fisher Exact Test; exact p > 0.400 two-tailed). 

 

However, for response latency, significant differences were found for five participants. 

On the concreteness-matched set, DTR (two sample t-test; t(61) = 2.19, p = 0.033 two-tailed), 

OLG (t(64) = 2.66, p = 0.010) and JOG (t(65) = 2.28, p = 0.026) showed significantly shorter 

latencies for emotion than non-emotion abstract words. OLG (t(90) = 2.09, p = 0.039) and JOG 

(t(89) = 3.35, p = 0.001) showed the same pattern on the imageability-matched set, along with 

MMR (t(95) = 2.44, p = 0.017 ). However, TLK showed the reverse pattern and was 

significantly faster for the non-emotion abstract words (t(80) = 2.49, p = 0.015) for the 

imageability-matched set.  

 

Group level analyses showed a significant effect for response latencies in the 

concreteness-matched set (z = -2.87, p = .004) with a trend in the imageability matched set (z =  

-1.73, p = .084). No significant outcomes were found for accuracy (concreteness-matched set: z 

= -0.399, p = .697; imageability-matched set: z = -0.81, p = .420). The homogeneity test was 

significant for response latency data, indicating that there was significant variance in 

performance between the participants (concreteness-matched set: H(8) = 19.73, p = .041;  

 

Note. Degrees of freedom for individual-level t-tests refer to number of total items analysed and for group-level 
analysis indicate the total number of participants. 
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imageability-matched set: H(8) = 28.71, p < .001), but there was no significant heterogeneity for 

accuracy (concreteness-matched set accuracy: H(8) = 5.68, p = .683; imageability-matched set 

accuracy: H(8) = 6.04, p= .792) . There were no significant differences in performance between 

bilingual and monolingual participants for either accuracy or response latency (concreteness-

matched set: accuracy t(7) = 0.41, p = .694, response latency t(7) = 0.19, p = .852; imageability-

matched set: accuracy t(7) = 0.08, p = .940; response latency t(7) = 0.34, p = .739).
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Figure 2: Lexical Decision results. Upper panels show accuracy data; lower panels show response time data. * indicates significant result, p < .05. Individual analysis: Fisher 
Exact (two-tailed) (accuracy data) or two sample t-tests (response latency data), group analysis: Stouffer’s Test. Tables indicate number of analysed items for response latency 
tasks. Initials refer to participants, grouped into monolingual (BBK, DTR, MMR, JDC, SPN) and bilingual (TLK, OLG, JOG, MLK) and ordered by severity of reading 
difficulties. Error bars represent one standard error. RT = response time.
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4.3: Single-Word Reading Aloud 
On the oral reading task, three participants (JDC, SPN and TLK) showed significant 

differences in accuracy of emotion and non-emotion abstract words, but only for the 

imageability-matched, and not the concreteness-matched, set. JDC (p = .015) and SPN (p = .046) 

showed significantly higher accuracy for emotion words, while TLK (p = .034) displayed the 

opposite effect with significantly higher accuracy for non-emotion words (see Figure 3). 

 

In the response latency analysis, JDC again showed a significant advantage for emotion 

words, along with DTR and MMR. JDC’s latencies were significantly shorter for emotion words 

compared with non-emotion abstract for the concreteness-matched set only (p = .008, 

imageability-matched set p = .113), while MMR showed this effect for the imageability-matched 

word set (p = .022, concreteness-matched set, p = .389). DTR was significantly faster when 

reading emotion words for both word sets (concreteness-matched word set: p = .028; 

imageability-matched set: p = .014). 

 

At the group level, there was only one significant measure: emotion words had 

significantly shorter response latencies (and marginally significantly greater accuracy) for the 

imageability-matched set (z = -3.76, p < .001; concreteness-matched set accuracy: z = -0.71, 

p=.477, response latency: z = -1.27, p = .205; imageability-matched set accuracy: z=-1.70, p = 

.088). For two of the non-significant outcomes, response latencies for the concreteness-matched 

set and accuracy for the imageability-matched set, the participants showed significant variability 

in performance (concreteness-matched set: accuracy H(8) = 5.68, p = .683; response latencies 

H(8) = 15.67, p = .047; imageability-matched set: accuracy H(8) = 20.02, p = .044; response 

latencies H(8) = 6.51, p = .590). There was no significant difference between monolinguals and 

bilinguals on reading accuracy (concreteness-matched set: t(7) = 0.67, p = .521; imageability-
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matched set: t(7) = 2.02, p = .079). However, a significant difference was found between the 

bilingual and monolingual participants for response latency on both word sets (concreteness-

matched set: t(7) = 3.53, p = .008; imageability-matched set: t(7) = 2.83, p =.022). Observation 

of the monolingual participant outcomes shows that all participants had shorter response 

latencies for emotion words. In contrast, bilingual participants had either similar outcomes for 

emotion and non-emotion words or numerically slower (but non-significant) response times for 

emotion words.  
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Figure 3: Single-Word Reading results. Upper panels display accuracy data, lower panels display response time data. * Indicates significant result on Fisher Exact (two-tailed) 
(accuracy data) or Independent T-Test (response latency data). Group analysis: Stouffer’s Test. Tables indicate number of analysed items for response latency tasks. Initials refer 
to participants, grouped into monolingual (BBK, DTR, MMR, JDC, SPN) and bilingual (TLK, OLG, JOG, MLK) and ordered by severity of reading difficulties.  RT = response 
time. Error bars represent one standard error.
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Table 5 
 
Summary of Patterns of Performance Across Tasks. 
 

    BBK   DTR  MMR    JDC    SPN  TLK   OLG   JOG  MLK   Group 

Co
nc

re
te

ne
ss

- M
at

ch
ed

 S
et

 Free Recall    ns  ns é ns é .036 é ns  ns  ns  ns  ns é .088 

List Recall ID  ns é ns  ns é .001 é ns é ns  ns é ns  ns é .004 

Lex Dec Accuracy  ns  ns  ns  ns  ns  ns  ns  ns  ns é ns 

Lex Dec RT ê ns é .033 é .076 é ns é .065 ê .062 é .009 é .025 ê ns é .005 

Reading Accuracy  ns  ns  ns é ns é ns ê ns é ns ê ns é ns é ns 

Reading RT é ns é .028 é ns é .008 é ns  ns ê ns  ns ê ns  ns 

Im
ag

ea
bi

lit
y-

M
at

ch
ed

 S
et

 Free Recall   ns   ns é ns   ns é .015   ns é ns   ns é ns é .018 

List Recall ID  ns é ns  ns é .006 é ns  ns  ns é ns é ns é .025 

Lex Dec Accuracy  ns  ns  ns  ns  ns  ns  ns  ns é ns é ns 

Lex Dec RT  ns é .062 é .017 é ns  ns ê .015 é .038 é .001 ê ns é .084 

Reading Accuracy é ns  ns é ns é .015 é .047 ê .034 ê ns  ns é ns é .088 

Reading RT é ns é .014 é .024 é ns é .060   ns   ns é ns ê ns é < .001 

Notes. Green up arrow indicates emotion words had higher accuracy (or shorter response latencies), blue down arrow indicates emotion words had lower accuracy (or longer 
response latencies), no arrow indicates equivalent performance (or difference within 5% of the total items for accuracy data or within 5% of one standard deviation for latency 
data). Statistics reported are Fisher Exact Tests (two-tailed) for accuracy data and two-sample t-tests (two-tailed) for response time data. Statistically significant results are 
reported in bold red font, marginal results (.05 < p < .1) are indicated in black font, non-significant results (p< .1) are indicated by “ns”. RT = response time, ID = identification, 
Lex Dec = Lexical Decision. 
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5. Discussion 
 

The purpose of this study was to investigate emotion word processing, and specifically 

whether, in people with aphasia, emotion words have a processing advantage compared with 

non-emotion abstract words. This question was inspired by previous research findings with 

unimpaired speakers which have demonstrated an advantage for emotion abstract words 

compared with non-emotion abstract words (e.g., Altarriba & Bauer, 2004; El-Dakhs & 

Altarriba, 2018). We also addressed a secondary issue: if there was an emotion word aprocessing 

dvantage, was it underpinned by the higher imageability of emotion words as predicted by Dual 

Coding Theory? 

 

To address these questions, we tested nine people with aphasia using two tasks that have 

previously demonstrated an emotion word processing advantage in unimpaired speakers: list 

recall (Altarriba & Bauer, 2004; El Dahks & Altarriba, 2018) and lexical decision (Altarriba & 

Bauer, 2004; Kousta et al., 2009; Vinson et al., 2014); and additionally, included a single-word 

reading aloud task. Critically, we used stimuli that were matched for more psycholinguistic 

properties than had occurred in previous research, and, in particular had two subsets of items, 

one matched for concreteness and the other imageability.  

 

Across both the concreteness- and imageability-matched sets, an emotion word 

processing advantage was found only for some tasks/analyses and only for some participants 

(see Table 5, above, for a summary of significant outcomes). If we first consider the two tasks on 

which an emotion word advantage has been shown in unimpaired speakers, list recall and lexical 

decision, we found mixed outcomes at both the group and individual level. For the list recall 

task, an emotion word advantage was found for the group as a whole for free recall 
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(imageability- but not concreteness-matched set), and identification recall (both concreteness- 

and imageability matched set). However, at the individual level, only one participant showed 

significant effects on each measure (JDC, free recall in the concreteness-matched set and 

identification recall in both word sets; SPN, free recall in the imageability-matched set).  

 

For lexical decision, at group level a significant emotion word advantage was found for 

response latencies on the concreteness-matched set, while the outcomes for the imageability-

matched set were marginal (p = .084). However, homogeneity test outcomes indicated that there 

was significant variance across participants in the patterns shown for both word sets. This is 

consistent with individual level findings which showed that four participants produced 

significantly shorter response latencies for the emotion words (in both sets: OLG, JOG; 

imageability-matched set only: MMR; concreteness-matched set only: DTR), but one participant, 

TLK, displayed faster responses for the non-emotion abstract words (significant for the 

imageability-matched set). No significant differences were found at either the group or 

individual level for lexical decision accuracy with all participants (except MLK) performing at, 

or close to, ceiling. 

 

On the reading task, a significant group level effect was found on only one measure: for 

the imageability-matched set response latencies were shorter for emotion words than non-

emotion abstract words. The pattern of participants’ performance was significantly heterogenous 

for response latencies on the concreteness-matched set and accuracy on the imageability-

matched set. In addition, a significant effect of bilingualism was found for response latency data 

in both word sets. Monolingual participants displayed shorter response latencies for emotion 

words (significant for DTR in both word sets, JDC in the concreteness-matched set and MMR in 

the imageability-matched set). In contrast, bilingual participants showed similar response 
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latencies for emotion words and non-emotion abstract words.  Regarding accuracy data, two 

individual participants, JDC and SPN, showed higher accuracy for emotion words on the 

imageability-matched set, while one, TLK, showed the opposite effect on the same set.  

 

Therefore, while evidence of an emotion word processing advantage was found, the 

results were far from consistent, or strong, across participants and tasks. It is possible, however, 

that the pattern of outcomes was influenced by participant characteristics, including 

bilingualism, severity and level of impairment. Each of these factors will be discussed in turn. 

 

A potential source of variation in outcomes could be the language history of our 

participants. As described in the Introduction, previous studies with unimpaired bilingual 

speakers have shown mixed outcomes with regard to emotion word processing. While El-Dakhs 

& Altarriba (2018) found that bilinguals displayed an emotion word advantage in both their first 

and second languages on a recall task, this pattern was not evident in either language when the 

participants were asked to generate word associations. Zhang et al. (2019) found that their 

bilingual participants did not have an emotion word effect in their second language (however 

participants were not tested in their first language) and Altarriba and Basnight-Brown (2012) 

showed that English speakers had greater difficulty learning emotion words in Spanish compared 

with non-emotion words. Altarriba and Basnight-Brown suggest that emotion words may thus be 

more difficult to acquire in second language learning compared with first language acquisition. 

The possibility that emotion word processing may differ in second language speakers is also 

supported by evidence that bilinguals tend to associate emotion words in their second language 

with less intense emotions compared with their first language (Pavlenko, 2008). Interestingly, 

the four bilingual participants in this study (TLK, OLG, JOG and MLK) showed different 

patterns of outcomes. For example, TLK was the only (monolingual or bilingual) participant to 
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display evidence of a reverse emotion word effect with significantly lower accuracy for emotion 

words compared with non-emotion abstract words in reading and slower response latencies for 

emotion words on the lexical decision task (both on the imageability-matched word set).  In 

contrast, OLG and JOG both showed an advantage for emotion words with significantly faster 

response latencies for emotion words on the lexical decision task (both word sets). The final 

bilingual participant, MLK, showed no significant differences between emotion and non-emotion 

words. Moreover, as discussed above, comparison of bilingual and monolingual participants 

revealed a significant difference in the pattern of outcomes for response latencies in reading. On 

this measure, the bilingual participants had little difference between the word types, while a 

number of monolingual participants had significantly faster response times for the emotion 

words. However, there were no significant differences between bilingual and monolingual 

participants on any other task or outcome measure.  Emotion word processing in bilingualism 

was not the focus of this study and a key limitation to drawing clear conclusions was the small 

number of bilingual participants. It may be interesting for future research to consider the 

different effects of emotion word processing in monolingual and bilingual populations with a 

larger sample size and also to examine emotion word processing by bilingual speakers with 

aphasia in both their first and second languages.  

 

Among the monolingual participants, the degree to which an emotion word advantage 

was apparent in accuracy data appeared to be related to the participant’s ability to do the task: 

the effect was more pronounced for participants with more severe impairments. To test this 

hypothesis, while being aware of limited power with this small sample, we performed 

correlations between accuracy and the difference between emotion and non-emotion word 

responses. Reading accuracy showed a large (but marginally significant) negative correlation 

between overall reading accuracy and the difference in accuracy between emotion and non-
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emotion reading (r(4) = -.855, p = .065). This corresponds with the pattern observed in 

individual participant outcomes: while mildly impaired participants (BBK and DTR) showed 

similar accuracy between emotion and non-emotion abstract words, moderately impaired 

participants (MMR, JDC and SPN) displayed a numerical advantage for emotion word reading 

with this reaching significance for JDC and SPN.  Accuracy data for lexical decision and 

identification recall, as well as response latencies for reading and lexical decision also showed a 

(non-significant) negative correlation. In contrast, free recall showed a positive correlation, 

possibly in part due to floor effects in participants who had greater difficulty on this task (Table 

6 provides full details of correlations). Therefore, from our small set of participants there 

appeared to be a relationship between performance and their overall accuracy on the 

experimental tasks, principally with regard to reading. This leads to a question of whether the 

nature and severity of an individual’s underlying language impairments may predict their relative 

outcomes for emotion and non-emotion abstract words. 

 

Table 6 

Correlations between overall task accuracy and the emotion word advantage 
 

Dependent Variable Monolingual Participants 
(r(4)) 

All Participants 
(r(8)) 

Free Recall (items recalled) 0.859+ 0.523 
Identification Recall (items correctly selected) -0.614 -0.534 
Lexical Decision Accuracy -0.559 -0.428 
Lexical Decision RT -0.674 -0.411 
Reading Accuracy -0.855+ -0.587+ 
Reading RT -0.065 -0.599+ 

Notes. RT = response time. Pearson correlations are calculated between overall accuracy and the difference between 
emotion word and non-emotion abstract word accuracy or RT (emotion - non-emotion abstract) for each task.          
+ indicates marginal significance 0.05 < p < 0.10.  
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With this in mind, we next considered whether the nature of a participant’s impairments 

(and the underlying level of breakdown) may have influenced the degree to which an emotion 

word advantage was apparent. The participants who displayed the most clear and consistent 

emotion word effect (JDC and SPN) showed similarities in their background assessment 

outcomes: along with MLK, they were the only participants impaired on the Pyramids and Palm 

Trees Test, which is consistent with a possible breakdown at the semantic-level. Hence, it may 

be that emotion words are less vulnerable to impairment than non-emotion abstract words in 

people with impaired semantic processing. However, MLK did not show the same pattern of 

outcomes on the experimental tasks, which is possibly due to the influence of her bilingual 

language background. 

 

The finding that the strongest effects of emotion on processing was in individuals with 

semantic impairment contrasts with previous studies with semantic-variant Primary Progressive 

Aphasia (sv-PPA). These investigations found no significant differences in outcomes for 

emotion and non-emotion abstract words (Hsieh et al., 2012; Joubert et al., 2017). One 

possibility is that the difference in findings can be explained by the difference in the tasks 

utilised in our study compared with the studies with people with sv-PPA. As noted, the sv-PPA 

studies focused solely on comprehension (e.g., synonym judgement task), while our study 

included reading and recall tasks. This may be significant as previous studies have found a 

dissociation between comprehension and production of semantic categories in people with 

aphasia (e.g., Hillis & Caramazza, 1991). For example, SPN, despite showing a difference for 

emotion and non-emotion words on the production tasks, was similarly impaired on both these 

word types in comprehension as measured by the Shallice and McGill Word-Picture Matching 

Test. A second possible explanation for the incongruency between our findings and those found 

for sv-PPA, is that it reflects the different nature of the semantic impairments in sv-PPA. For 



 46 

example, a number of cases have been reported in which people with sv-PPA have shown a 

reverse concreteness effect (better processing of abstract words compared with concrete words) 

(e.g., Breedin et al., 1994; Papagno, Capasso & Miceli, 2009), while we know of no studies that 

have reported such cases in stroke aphasia. Reilly, Peele and Grossman (2007) propose that this 

unusual pattern may be a result of the unique neural degradation in PPA that leads to poorer 

access to the sensory information used in processing of concrete concepts. In line with this 

hypothesis, people with sv-PPA may be unable to utilise the links to visual imagery that have 

been hypothesised to underpin the advantage for emotion word processing. As discussed in the 

Introduction, neuroimaging studies suggest that processing of emotion words involves activation 

of widespread neural networks outside the language system including activation of right-

hemisphere regions and the limbic and motor cortices (e.g., Pulvermüller, 2013). It is thus 

possible that the pathways involved in processing of emotion words remain intact in our 

participants with semantic impairment (JDC, SPN) and hence their language deficits are less 

severe than for non-emotion abstract words for which processing is largely contained within the 

language system (e.g., Noppeney & Price, 2004). Unfortunately, no neuroimaging data was 

available for these participants in order to test this hypothesis. 

 

 The second question addressed in this study was whether imageability can explain 

differences in processing of emotion and non-emotion abstract words. If this were true, then we 

would expect to have seen an emotion word advantage only for the word set matched for 

concreteness but not the set matched for imageability. We found this was not the case. Indeed, 

contrary to expectations, on some measures significant findings were evident for the 

imageability-matched word set but not for the concreteness-matched set. This was most clear for 

accuracy on the reading task for which a significant emotion word advantage was found for two 

participants on the imageability-matched set, while there were no significant results for any 
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participants on the concreteness-matched word set. However, differences in power may also 

have contributed to this pattern: the imageability-matched set was larger with 100 words 

compared to the 72 words in the concreteness-matched set. Nonetheless, that an effect was found 

for some participants for the imageability-matched set indicates that imageability alone cannot 

explain emotion words having a processing advantage. 

 

The results of this research therefore present us with two key questions: (1) Why was the 

emotion word processing advantage less consistent and less strong than has been found in 

previous studies with unimpaired participants? And, (2) Why were differences between emotion 

and non-emotion abstract words found when imageability was matched?  

 

In relation to the first of these issues, one consideration is whether our participants’ 

aphasia impacted on the processing of emotion and non-emotion abstract words. While it is 

possible that particular individuals with aphasia may have a pattern of impairments that 

precluded a processing advantage for emotion words, the outcomes of this study are not in line 

with a general statement that aphasia reduces the emotion word processing advantage.  

 

This is supported by the fact that if language impairments reduced the emotion word 

processing advantage then we would expect to see a positive correlation between overall 

accuracy and the presence of an emotion word advantage with individuals with a mild 

impairment showing a pattern similar to unimpaired speakers. Yet, as discussed previously, this 

is not consistent with our findings. Instead for three of the four accuracy measures (identification 

recall, lexical decision and reading) and for response latencies for both lexical decision and 

reading, we found a negative correlation between overall task accuracy and the size of the 

emotion word processing advantage with this pattern strengthening when only monolingual 
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participants were included (see Table 6, earlier). This indicates that as the participants’ severity 

increased (measured by the ability to do the task), the emotion word processing advantage 

usually became more pronounced (except for free recall, where a floor effect occurred). 

Therefore, a proposal that aphasia reduces the emotion word processing advantage appears 

unlikely. This is in line with previous studies that have shown that lexical processing in aphasia 

is influenced by many of the same semantic variables (such as imageability and concreteness) 

that impact on lexical processing in unimpaired speakers (e.g., Bird et al., 2003; Nickels & 

Howard, 1994, 1995).  

 

Another possibility is that there were characteristics of the word sets that could explain 

the diminished effect for our participants. The word sets used in this study were tightly matched 

on a total of 13 lexical variables that are known to affect participant performance. This 

represents substantially more matching variables than used in previous studies that have 

compared emotion and non-emotion abstract words, the majority of which have matched stimuli 

on only length and frequency (see Table 1, earlier). Given that our findings were substantially 

less strong than those found for unimpaired participants, it is plausible that the improved 

matching on one or more of these additional criteria, such as familiarity or number of 

morphemes, may have played a role in lessening the significant outcomes found for our study.   

 

With regard to the fact that an emotion word advantage was evident even when emotion 

and non-emotion words were matched for imageability, this suggests that other factors must 

influence emotion word processing. The first possibility is that the emotion word processing 

advantage is still linked to the concreteness effect, however it is driven by other factors that 

distinguish concrete and abstract words, such as context availability.  Altarriba et al. (1999) 

found that emotion words have high ratings of context availability compared with non-emotion 
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abstract words, which would be consistent with emotion words having better processing than 

non-emotion abstract words. As we did not specifically match our word lists on context 

availability, we cannot rule out the possibility that the sets may have differed on this variable. 

 

 A second possible explanation is that emotion words have a processing advantage due to 

their extreme ratings in valence as is suggested by Kousta et al. (2009; 2011) and Vinson et al. 

(2014).  The emotion words in this study were strongly valanced, while the non-emotion words 

were neutral. Therefore, if valence underlies the emotion word processing advantage then we 

would expect an effect to be evident in both word sets. This is not inconsistent with our findings. 

We further explored the relative impact of imageability and valence using linear regression with 

all other matching variables included in the model as controls (see Method and Appendix B for a 

list of variables). The regression model was significant for all measures except free recall (see 

Appendix E for a full report of regression outcomes). However, imageability was a significant 

predictor only for the identification recall task (Overall model, adjusted R2 = 0.341, F(15,88) = 

3.04, p < .001, imageability β = .282, t(102) = 2.43,  p = .017) while valence was not a 

significant predictor of accuracy or latency on any task.  

 

This indicates that for the majority of measures, the variables we included in the model 

predicted outcomes (accuracy/response latencies), however neither imageability nor valence 

were significant predictors. In line with Reilly and Kean’s (2007) findings that word-form 

characteristics may contribute to the concreteness effect, it may be that the lexical form features 

included in the model influenced outcomes. However, given many of our variables were highly 

intercorrelated (such as number of letters and number of phonemes), we could not determine 

which other variables predicted performance (due to multicollinearity indicated with high 

Variance Inflation Factors).  
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6. Limitations 
 

In addition to the limitations already noted, there are a number of further areas where the 

current study’s design limits the conclusions that can be drawn. Firstly, this study focused on 

nouns. However, research suggests that people with aphasia may show differences in processing 

of abstract and concrete verbs (Alyahya, Halai, Conroy. Lambon Ralph, 2018a) and furthermore, 

difficulties producing emotion verbs (e.g. “like”, “hate”) in conversation have been identified in 

aphasia (Armstrong et al., 2012).  As such, future studies may consider similar question with 

regard to emotion verb processing. Furthermore, given that emotion words can commonly occur 

in adjective form (e.g., “happy”, “angry”), future studies may additionally consider processing of 

emotion and non-emotion adjectives. 

 

In addition, the use of written stimuli places a limitation on interpretation of the 

outcomes given the extent to which they rely on reading ability. It is not clear whether the same 

pattern would be observed when word production is prompted by other stimuli, such as pictures, 

or in natural connected speech. 

 

This study was also limited by the small number of participants. For this reason, while 

some patterns of performance were identified, further investigation with a greater number of 

participants would help to clarify the factors that may have influenced participant performance. 

In particular, greater participant numbers may allow for analysis of the potential influences of 

bilingualism, aphasia type and/or lesion site on the processing of emotion words. In addition, 

future studies may consider perception of emotion more broadly and the possible effects of a 

deficit in this area on emotion word processing. Furthermore, the addition of data from 

unimpaired speakers, including bilinguals, on the same stimuli would further facilitate the 

interpretation of results from people with aphasia.  
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7. Conclusions 
 

Previous research has shown that lexical processing in aphasia is often influenced by 

concreteness. In this research, the focus moved away from the concrete/abstract dichotomy and 

considered whether emotion abstract words are differentially processed compared with non-

emotion abstract words. Consistent with previous research with unimpaired speakers, we showed 

that abstract words that describe emotions can have a processing advantage over other non-

emotion abstract words. However, our findings revealed inconsistencies across participants and 

tasks, with bilingualism, severity of impairments and semantic-level breakdown each exerting an 

influence over participant results. Investigation of the factors underlying emotion word 

processing suggested that the heightened imageability ratings of emotion words could not 

explain the effect. In sum, while this study confirms that emotion may be an important factor in 

the processing of abstract words by people with aphasia, there is need for continued research to 

better understand when, why and how a processing advantage for emotion words is observed in 

clinical populations. 
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Appendix A 
Word Stimuli 

 
Words are organised alphabetically in word set: Emotion (E), Non-emotion Abstract (A) and Concrete (C). Ratings for imageability (Im), 
concreteness (CN), arousal (Ar), valence (VAL), familiarity (FAM) are from the Glasgow Norms (Scott et al., 2019). Written frequency (Log Freq 
HAL), spoken frequency (Log Freq SUBLECT), number of letters (let), number of phonemes (phon), number of syllables (syll), orthographic 
neighbourhood size (Orth N), phonological neighbourhood size (phon N), Orthographic Levenshtein Distance (OLD), Phonological Levenshtein 
Distance (PLD), mean bigram frequency (bigram freq) and number of morphemes (Mor) are from English Lexicon Project (Balota et al., 2007). 
Concreteness-matched (CN-match) set and imageability-matched (Im-match) set indicate "Y" for "yes", "N" for "no". 
 

Word Set Im CN Ar Val 
Log 
Freq 
HAL 

Log 
Freq 
SUB

T 

Fam Lett Phon Syll 
Orth 

N 
Phon 

N 
OLD PLD 

Bigram 
Freq 

Mor 
CN-

Match  
Im-

Match 

affection E 4.60 3.12 6.82 8.18 7.55 2.64 5.88 9 6 3 0 0 2.65 1.95 1942 2 Y Y 
amusement E 4.57 3.77 6.49 7.63 7.68 2.28 5.79 9 9 3 0 0 3.00 3.60 1798 2 Y Y 
anger E 4.76 3.65 5.64 2.53 9.06 3.00 6.24 5 4 2 2 2 1.65 1.80 3694 1 Y Y 
anguish E 3.63 2.56 4.77 2.46 6.88 2.05 3.74 7 6 2 0 0 2.75 2.55 2045 1 N Y 
animosity E 2.68 2.22 6.48 2.61 6.49 1.51 3.61 9 9 5 0 0 4.00 4.50 1534 1 N Y 
annoyance E 3.40 2.97 4.46 2.47 7.25 1.42 5.79 9 6 3 0 0 3.20 2.85 1427 2 Y Y 
anxiety E 4.06 2.62 5.27 2.26 7.89 2.54 5.59 7 8 4 0 0 3.00 4.25 1158 2 Y Y 
awe E 3.11 2.53 6.66 7.34 7.91 2.13 5.38 3 1 1 12 9 1.30 1.00 355 1 N Y 
bliss E 3.94 2.67 6.46 8.09 7.70 2.21 5.13 5 4 1 2 3 1.90 1.80 2065 1 N Y 
confidence E 3.77 3.06 6.85 7.77 9.60 3.00 6.39 10 8 3 0 1 2.60 3.60 2056 2 Y Y 
depression E 3.77 3.06 3.79 1.73 8.95 2.61 6.18 10 7 3 1 1 2.40 2.35 2670 3 Y Y 
despair E 3.71 3.13 4.59 2.03 8.26 2.48 5.09 7 6 2 0 1 2.90 2.35 1791 1 Y Y 
distress E 3.94 3.29 5.46 2.29 7.62 2.57 5.38 8 7 2 1 0 2.55 2.40 2927 1 Y Y 
ecstasy E 4.35 4.03 6.97 7.15 7.70 2.21 4.85 7 7 3 0 0 3.50 2.90 1421 1 Y Y 
embarrassment E 4.09 3.07 4.85 2.26 7.66 2.39 6.03 13 11 4 0 0 5.25 3.90 1750 2 Y N 
empathy E 3.21 2.30 5.38 7.27 7.68 1.77 5.83 7 6 3 0 0 2.85 2.80 1457 3 N Y 
enjoyment E 4.39 2.97 7.47 8.18 8.31 1.85 6.27 9 8 3 0 0 3.55 3.50 1609 3 Y Y 
enthusiasm E 4.18 2.82 6.91 8.00 7.91 2.36 6.32 10 9 5 1 0 4.30 5.20 1635 2 N Y 
euphoria E 3.79 1.97 7.82 8.31 6.28 1.42 4.09 8 7 4 1 0 3.80 3.60 1293 2 N Y 
excitement E 4.94 3.03 7.70 8.29 8.58 2.80 6.47 10 9 3 0 1 3.65 3.30 1981 3 Y Y 
fear E 3.94 2.47 5.17 2.56 10.45 3.55 5.97 4 3 1 12 40 1.25 1.00 1783 1 Y Y 
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frustration E 3.65 2.44 5.11 2.40 8.37 2.18 6.22 11 9 3 0 0 3.25 3.40 2694 2 N Y 
fury E 4.71 3.27 5.79 2.43 8.26 2.29 4.94 4 5 2 4 2 1.65 1.90 799 1 Y Y 
glee E 4.53 2.80 6.24 7.62 6.45 1.77 4.24 4 3 1 3 9 1.80 1.20 1574 1 Y Y 
gratitude E 3.77 2.55 5.43 7.85 7.27 2.60 5.24 9 8 3 0 0 3.20 3.05 2336 2 Y Y 
grief E 3.89 3.14 4.88 1.94 8.27 2.74 5.47 5 4 1 1 10 1.95 1.45 1331 1 Y Y 
guilt E 3.00 2.53 4.63 2.29 8.52 2.88 6.00 5 4 1 4 12 1.70 1.35 654 1 N Y 
happiness E 5.27 2.97 6.97 8.57 9.07 3.10 6.65 9 7 3 0 0 2.90 2.55 2322 2 Y Y 
hatred E 3.03 3.55 5.73 1.78 8.78 2.44 5.84 6 6 2 0 0 1.95 2.65 3208 2 Y Y 
hope E 3.50 2.46 6.85 8.00 11.92 4.21 6.36 4 3 1 12 18 1.20 1.00 1203 1 N Y 
humiliation E 3.85 2.79 4.97 2.09 7.38 2.38 5.47 11 10 5 0 0 3.45 5.25 2366 2 N Y 
irritation E 3.44 3.07 5.19 2.58 7.04 1.52 5.27 10 7 4 1 2 2.65 2.80 2711 2 Y Y 
jealousy E 4.03 2.68 5.53 2.20 7.31 2.47 5.71 8 6 3 0 0 3.20 2.55 1409 2 Y Y 
joy E 4.94 3.24 6.94 8.06 9.37 3.16 6.09 3 3 1 10 10 1.35 1.75 142 1 Y N 
love E 4.47 2.85 8.15 8.65 12.02 4.76 6.91 4 3 1 12 9 1.15 1.35 1304 1 Y Y 
malice E 2.63 2.79 5.39 2.44 7.13 1.79 4.03 6 5 2 0 6 1.95 1.65 2283 1 Y Y 
misery E 4.18 2.74 3.27 2.15 7.97 2.72 5.16 6 6 3 0 1 1.95 2.25 2592 2 Y Y 
optimism E 2.97 2.06 6.77 8.47 6.78 1.90 6.07 8 8 4 1 0 3.40 3.65 1633 2 N Y 
panic E 3.74 3.87 5.69 2.27 8.79 3.05 5.97 5 5 2 2 1 1.90 1.80 2098 1 Y Y 
passion E 3.70 3.19 7.58 8.13 8.76 3.00 6.03 7 4 2 0 3 2.15 1.75 2156 2 Y Y 
pity E 3.34 2.32 3.52 3.23 8.50 3.08 5.65 4 4 2 3 16 1.70 1.15 1233 1 N Y 
rage E 5.24 3.44 6.49 2.06 8.75 2.76 5.27 4 3 1 13 22 1.10 1.35 1702 1 Y Y 
remorse E 2.88 2.49 3.55 3.79 6.60 2.19 4.50 7 6 2 0 0 2.60 2.30 2129 1 Y Y 
resentment E 2.94 2.29 4.80 1.94 7.20 1.89 5.39 10 10 3 0 0 3.45 3.80 2951 1 N Y 
sadness E 4.13 2.76 3.77 1.85 7.11 2.39 6.23 7 6 2 2 2 2.35 1.90 1698 2 N Y 
satisfaction E 3.14 2.40 6.69 7.79 8.87 2.55 6.00 12 10 4 0 0 4.15 4.40 2494 3 Y Y 
shame E 3.41 2.80 3.97 2.29 9.33 3.33 5.65 5 3 1 7 17 1.45 1.00 1282 1 N Y 
shock E 3.75 3.45 5.81 3.25 9.31 3.17 5.61 5 3 1 6 25 1.55 1.00 1020 1 Y Y 
sorrow E 3.60 2.77 3.66 2.06 7.32 2.55 4.79 6 4 2 2 2 2.10 1.85 1389 1 Y Y 
suspicion E 3.23 3.00 5.20 2.77 7.88 2.57 5.24 9 7 3 0 0 3.60 2.75 1796 2 Y Y 
terror E 4.35 2.85 5.79 1.68 9.06 2.66 5.21 6 4 2 0 9 2.50 1.50 3206 2 Y Y 
woe E 2.71 2.50 4.28 2.42 6.66 2.08 3.83 3 2 1 11 32 1.25 1.00 242 1 Y Y 
accent A 3.62 3.60 5.53 5.63 8.56 2.79 5.88 6 6 2 2 0 1.85 2.20 2031 1 Y Y 
advice A 2.88 2.35 4.09 6.23 10.70 3.39 6.09 6 5 2 1 1 2.30 2.40 1163 1 Y Y 
agility A 3.66 3.52 5.94 6.78 7.11 1.38 4.78 7 7 4 1 1 2.60 2.90 1404 2 N Y 
algebra A 5.18 4.39 2.32 3.84 7.83 1.96 5.40 7 7 3 0 0 3.10 4.05 1375 1 N Y 
apology A 3.00 3.06 4.50 6.09 8.33 2.91 5.94 7 7 4 0 0 2.70 2.60 893 2 Y Y 
aroma A 3.59 3.51 5.53 6.58 6.69 1.85 4.71 5 5 3 0 0 1.95 2.70 2001 1 N Y 
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conformity A 3.14 2.80 3.69 3.62 6.99 1.30 4.46 10 10 4 0 0 3.30 3.60 1733 3 Y Y 
connection A 4.03 3.75 5.67 6.56 10.88 3.14 6.00 10 7 3 2 1 2.15 1.95 2672 2 N Y 
courtship A 3.88 4.12 5.26 6.69 5.89 1.78 3.39 9 7 2 0 0 3.80 2.95 1302 2 N Y 
debt A 4.20 4.34 3.34 1.97 9.56 2.86 5.27 4 3 1 2 22 1.75 1.00 962 1 N Y 
deed A 3.29 3.94 4.00 5.36 7.59 2.68 4.70 4 3 1 13 28 1.30 1.00 2652 1 N Y 
destiny A 2.61 2.00 6.14 6.57 8.44 3.07 5.27 7 7 3 1 1 2.35 2.65 3747 2 Y Y 
drama A 3.74 4.03 5.65 4.47 8.46 3.01 6.13 5 5 2 0 0 1.90 1.95 1533 1 Y Y 
duty A 3.06 3.06 3.82 5.03 9.62 3.42 5.38 4 5 2 1 11 1.90 1.45 668 1 Y N 
ego A 3.26 2.46 4.31 3.03 8.73 2.58 5.07 3 3 2 2 3 1.85 1.90 398 1 N Y 
errand A 3.94 4.44 3.29 5.10 5.72 2.31 5.41 5 5 2 1 1 2.55 1.90 3019 1 N Y 
fame A 4.06 2.68 5.84 6.00 8.71 2.65 5.97 4 3 1 14 23 1.15 1.00 1038 1 Y Y 
fashion A 5.52 4.09 6.32 6.68 9.50 2.98 6.31 6 4 2 0 5 2.50 1.55 1896 1 N Y 
fate A 2.44 1.79 5.50 5.32 9.05 3.14 5.41 4 3 1 17 31 1.00 1.00 3001 1 Y Y 
gesture A 4.91 3.97 5.09 5.88 7.58 2.58 5.70 7 5 2 0 1 2.40 2.60 2650 1 Y Y 
gist A 2.06 2.40 3.56 5.67 6.95 1.76 5.03 4 4 1 6 13 1.65 1.80 2301 1 Y Y 
gossip A 4.00 3.00 5.57 3.59 7.51 2.60 6.14 6 5 2 0 0 2.90 2.35 1000 1 Y Y 
habit A 3.47 3.76 3.44 4.71 8.78 2.87 6.02 5 5 2 0 2 1.95 1.85 1236 1 Y Y 
hallucination A 4.00 3.38 5.06 3.71 6.42 1.96 5.03 13 10 5 0 0 4.05 4.20 2686 2 Y Y 
identity A 3.09 2.22 5.53 6.18 9.44 2.82 5.50 8 8 4 1 0 2.80 3.40 2565 2 N Y 
illusion A 3.41 2.94 6.00 4.74 8.52 2.63 5.06 8 5 3 1 1 2.45 1.95 1989 2 Y Y 
immunity A 2.67 3.47 4.57 6.49 7.62 2.34 4.91 8 8 4 1 0 3.00 2.95 1127 2 N Y 
impulse A 2.67 3.03 6.64 5.55 8.08 2.43 5.39 7 6 2 0 0 2.50 2.45 943 2 Y N 
inspection A 3.65 3.47 4.91 3.97 8.26 2.48 5.24 10 8 3 0 0 2.60 2.70 2843 3 Y Y 
irony A 2.30 2.50 4.24 4.65 8.03 2.37 5.39 5 5 3 2 0 1.85 1.90 1932 2 Y Y 
magic A 4.94 2.17 6.58 6.69 10.78 3.43 6.06 5 5 2 1 1 1.90 2.60 1334 1 Y Y 
necessity A 2.69 2.27 5.81 5.16 8.47 2.17 5.30 9 8 4 0 0 3.60 2.90 1981 2 Y Y 
nutrition A 4.12 4.50 5.24 6.94 8.48 1.69 5.71 10 7 3 0 0 2.90 3.10 2480 2 N Y 
obedience A 4.06 3.27 4.62 5.12 8.49 1.95 6.00 9 8 4 0 1 3.65 3.50 1960 2 Y Y 
occasion A 4.00 3.71 6.17 6.74 8.80 2.93 5.71 8 5 3 0 0 2.70 2.40 1849 1 Y Y 
penalty A 4.00 4.13 4.09 3.26 9.15 2.67 5.10 7 6 3 0 0 2.85 2.80 1841 2 N Y 
personality A 2.19 2.30 6.03 6.88 9.42 2.91 6.41 11 9 5 0 0 3.60 4.85 2480 3 Y Y 
poetry A 5.00 4.15 4.46 6.77 9.09 2.83 5.25 6 6 3 0 1 2.30 2.65 979 2 N Y 
pursuit A 3.77 3.24 5.85 5.79 8.42 2.56 4.79 7 5 2 0 3 2.60 2.00 1115 2 Y Y 
ration A 3.51 3.97 3.24 4.00 6.31 1.83 4.06 6 5 2 2 2 1.75 1.70 3836 1 Y Y 
reflex A 3.97 4.09 4.94 5.74 7.16 2.07 5.44 6 7 2 1 1 2.40 2.70 1896 2 Y Y 
reminder A 3.34 3.88 4.03 5.53 8.17 2.29 5.85 8 7 3 1 1 2.25 2.50 3478 3 Y Y 
reunion A 3.97 3.48 5.38 6.67 7.98 2.65 5.03 7 7 3 0 0 2.70 3.45 2530 3 Y Y 
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revolution A 4.73 3.33 6.47 5.71 9.51 2.80 4.74 10 8 4 2 2 2.35 2.45 2221 2 Y Y 
riddle A 3.79 3.50 5.29 4.97 7.18 2.37 4.91 6 4 2 3 9 1.70 1.20 1531 1 Y Y 
rumour A 3.03 2.66 3.00 3.26 8.83 2.73 6.00 6 4 2 2 7 1.95 1.70 1253 1 Y Y 
semester A 2.59 4.03 3.94 5.10 8.07 2.55 5.52 8 7 3 0 0 2.95 3.00 3342 1 N Y 
style A 4.26 3.03 5.91 6.44 10.67 3.19 6.00 5 4 1 2 9 1.80 1.60 1944 1 Y Y 
tact A 2.37 2.60 3.68 5.76 6.63 1.76 4.42 4 4 1 6 16 1.55 1.00 1493 1 Y Y 
therapy A 4.40 3.85 4.74 6.24 9.19 2.98 5.76 7 6 3 0 0 2.95 2.50 2217 2 Y Y 
vision A 3.97 3.52 4.85 5.91 9.93 3.09 6.55 6 4 2 0 1 2.00 1.95 2470 2 Y Y 
voyage A 5.42 4.35 6.63 6.69 7.73 2.49 4.24 6 4 2 0 0 2.45 2.50 503 1 Y Y 
alligator C 6.68 6.55 5.66 4.36 6.58 2.25 5.27 8 7 4 0 0 3.55 2.90 2145 1 Y Y 
ambulance C 6.89 6.77 5.41 4.72 7.24 3.06 6.52 9 9 3 0 0 3.20 3.15 1433 2 Y Y 
amplifier C 5.23 5.56 5.90 5.87 7.97 1.23 4.21 9 8 4 1 1 3.45 3.70 1758 3 Y Y 
aspirin C 5.82 5.90 3.85 5.03 7.12 2.60 6.00 7 6 2 0 0 2.70 2.60 2280 1 N Y 
asteroid C 5.68 6.03 6.00 4.56 7.47 1.94 4.62 6 7 3 0 0 3.10 3.85 2702 2 Y Y 
auditorium C 6.06 5.06 4.38 5.31 7.37 1.91 5.24 10 9 5 0 0 4.35 3.90 1395 2 N Y 
bacteria C 4.82 5.62 4.06 3.47 8.44 2.19 5.41 8 8 4 0 0 2.80 3.30 2562 2 N Y 
banjo C 6.32 6.49 4.64 5.61 6.93 1.92 4.59 5 5 2 0 0 2.30 2.70 1114 1 N Y 
beer C 6.71 6.63 5.18 5.54 10.12 3.59 6.62 4 3 1 12 40 1.30 1.00 2630 1 Y Y 
blender C 6.12 6.00 4.09 5.53 6.88 1.94 5.28 7 6 2 3 3 1.80 1.75 3156 2 Y Y 
bracelet C 6.47 6.74 5.15 6.03 6.09 2.60 5.71 8 7 2 0 0 2.95 2.80 1898 2 Y Y 
camel C 6.63 6.81 4.47 5.52 8.12 2.41 4.79 5 4 2 1 6 1.85 1.75 1556 1 N Y 
casino C 6.72 6.60 5.44 4.43 8.44 3.02 4.55 6 6 3 1 0 2.00 2.90 2529 1 N Y 
castle C 6.76 6.50 5.88 6.07 9.36 3.04 5.93 6 4 2 1 10 1.85 1.50 2131 1 Y Y 
clock C 6.53 6.50 4.18 5.36 10.11 3.48 5.16 5 4 1 8 13 1.45 1.15 910 1 Y Y 
commander C 5.62 5.31 5.09 5.17 9.54 3.28 4.39 9 7 3 1 1 2.35 2.40 2470 3 Y Y 
compass C 6.42 6.62 5.97 6.65 7.37 2.52 5.08 7 6 2 0 1 2.45 1.90 2639 1 Y Y 
corn C 6.29 6.35 3.41 5.40 8.51 2.86 5.29 4 4 1 11 20 1.20 1.00 1900 1 Y Y 
cotton C 6.03 6.44 3.56 5.94 8.65 2.86 5.64 6 4 2 0 4 2.00 1.80 2004 1 Y Y 
curry C 6.53 6.53 5.09 5.85 7.66 2.10 6.25 5 4 2 4 5 1.75 1.75 806 1 Y Y 
dictionary C 6.21 6.39 3.12 6.00 9.51 2.28 5.59 10 9 4 0 0 3.55 3.75 2469 2 N Y 
dinosaur C 6.82 6.37 5.77 5.40 7.78 2.31 5.58 8 7 3 0 0 3.75 3.15 1853 2 Y Y 
emerald C 6.16 5.90 5.77 6.27 8.74 2.12 4.59 7 7 3 0 0 2.75 2.90 2570 1 Y Y 
employee C 5.57 5.60 3.65 5.97 9.31 2.77 6.21 8 6 3 2 3 2.55 2.20 761 2 Y Y 
envelope C 6.49 6.43 2.94 5.15 9.29 2.71 5.88 8 7 3 0 0 3.10 3.65 1652 1 Y N 
fortress C 6.09 6.18 5.28 5.39 8.03 2.24 4.19 8 7 2 0 0 2.85 2.60 2377 2 N Y 
harmonica C 6.65 6.77 4.09 6.06 6.51 1.95 4.79 9 9 2 0 0 3.35 3.75 1985 2 Y Y 
iceberg C 5.97 6.18 3.46 5.53 7.73 2.41 5.52 7 5 3 0 0 2.95 2.60 1857 2 Y Y 
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jungle C 6.36 6.49 5.79 5.56 8.61 3.06 5.32 6 5 2 4 3 1.75 2.25 1961 1 Y Y 
lace C 4.54 5.59 4.88 5.83 8.10 2.28 6.35 4 3 1 12 27 1.10 1.00 2401 1 N Y 
leopard C 6.82 6.73 5.75 5.64 6.55 2.44 5.28 7 5 2 2 6 2.65 1.60 1517 1 Y Y 
magazine C 6.48 6.74 5.12 5.38 11.01 3.23 5.89 8 7 3 0 0 2.95 3.70 1782 1 Y Y 
medallion C 6.27 6.11 4.42 5.94 6.72 1.84 3.40 9 8 4 0 0 3.45 3.40 2663 2 N Y 
microwave C 6.62 6.71 3.59 5.57 8.38 2.30 6.44 9 8 3 0 0 3.95 4.40 1280 2 Y Y 
mountain C 6.83 6.86 5.77 6.16 10.46 3.26 6.30 8 5 2 1 2 2.55 2.55 2458 1 Y Y 
ocean C 6.50 6.57 5.64 6.47 9.31 3.19 6.00 5 3 2 0 1 1.95 1.70 1895 1 Y Y 
olive C 6.62 6.18 4.79 5.70 7.99 2.58 6.27 5 4 2 1 0 1.80 1.90 1705 1 N Y 
parcel C 6.31 5.79 5.43 6.00 7.09 1.86 6.03 6 5 2 1 2 1.90 1.75 1572 1 Y Y 
pearl C 6.57 6.63 5.56 6.58 9.28 2.90 5.25 5 3 1 1 23 1.70 1.35 1681 1 Y Y 
pianist C 6.29 6.23 5.11 6.19 6.81 1.94 5.91 7 7 3 0 0 2.75 2.60 2211 2 Y Y 
projector C 6.03 6.29 3.63 5.31 7.23 1.80 5.57 9 8 3 1 2 2.55 2.70 1276 3 N Y 
radiator C 6.36 6.40 3.47 5.74 6.96 2.02 5.78 8 7 4 0 0 2.55 3.05 2208 3 N Y 
raven C 6.64 6.58 4.55 4.69 8.13 2.20 4.36 5 4 2 2 3 1.75 1.75 2303 1 N Y 
razor C 6.48 6.65 5.64 4.41 8.09 2.55 5.68 5 4 2 0 7 2.00 1.75 1502 2 Y Y 
scooter C 6.36 6.59 4.44 5.28 6.61 2.15 4.71 7 5 2 2 4 2.00 1.70 2623 2 Y Y 
shark C 6.81 6.76 6.05 3.82 8.09 2.88 5.16 4 4 1 8 8 1.50 1.40 1419 1 Y Y 
spine C 6.77 6.24 5.71 6.14 8.55 2.47 6.21 5 4 1 8 15 1.40 1.20 2705 1 N Y 
stallion C 6.21 6.44 5.88 5.97 6.89 2.22 4.15 8 7 3 1 2 2.70 2.60 2855 1 Y Y 
television C 6.09 5.79 4.53 5.71 10.02 3.24 5.28 10 8 4 0 0 3.70 4.55 2485 3 Y Y 
triangle C 6.50 5.35 3.54 5.03 8.60 2.34 6.09 8 7 3 0 0 2.70 3.45 2419 2 Y N 
turtle C 6.03 6.06 4.15 5.57 8.41 2.94 5.70 6 4 2 1 11 1.90 1.70 1386 1 Y Y 
walnut C 6.33 6.21 3.09 5.36 8.14 2.00 4.53 6 6 2 0 0 2.65 3.55 998 2 N Y 

 
 
 



 68 

 

Appendix B 

Matching information for emotion, non-emotion abstract and concrete word sets. 
 
Two-sample t-tests were conducted between the emotion set and other word sets to establish a significant difference on valence and arousal, and 
between the concrete set and other sets on imageability and concreteness. All other analyses were intended to determine that sets were not 
significantly different and used Bayesian t-test comparisons for which the number indicates Bayes Factor (BF). A Bayes Factor of less than 1 
supports the hypothesis that the sets do not differ. 0.33-1.00 is anecdotal evidence, 0.10-0.33 is moderate evidence, 0.03-0.10 is strong evidence, 
0.01-0.03 is very strong evidence, < 0.01 is extreme evidence. For the concreteness matched-set, emotion and non-emotion abstract sets have a 
Bayes Factor of 3.419, indicating moderate evidence that the sets differ. For the imageability-matched set, emotion and non-emotion abstract sets 
have a Bayes Factor of >100 indicating extreme evidence that the sets differ.  
 
Log Frequency (HAL) = Written Frequency, Log Frequency (SUBT) = Spoken Frequency, Orthographic N = Orthographic neighbourhood size, 
Phonological N = phonological neighbourhood size, OLD = orthographic Levenshtein distance, PLD = phonological Levenshtein distance, Mean 
Bigram Freq = mean bigram frequency. 
 
 
 

CONCRETENESS MATCHED SET (n=36) 

 MEAN (STANDARD DEVIATION)  STATISTICAL COMPARISONS 

  Emotion 
Non-

Emotion 
Abstract 

Concrete   Emotion vs. Non-
Emotion Abstract Emotion vs. Concrete Non-Emotion Abstract 

vs. Concrete 

Imageability 3.99 (0.68) 3.54 (0.83) 6.36 (0.39)  t(70) = -2.51, p = .100 t(70) = 18.20, p < .001 t(70) = -18.50, p<.001 

Concreteness 3.05 (0.40) 3.14 (0.66) 6.34 (0.43)  t(70) = 0.70, p = .489;      
BF = 0.300 t(70) = 33.68,  p < .001 t(70) = -24.44, p<.001 
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Arousal 5.72 (1.22) 5.07 (1.05) 4.95 (0.94)  t(70) = 2.01, p = .041 t(70) = -2.97, p = .004 BF = 0.271 

Valence 4.38 (2.79) 5.41 (1.01) 5.58 (0.64)  t(70) = -2.41, p = .019 t(70)  = 2.51, p = .015 BF = 0.331 

     BF BF BF 

Log Frequency (HAL) 8.26 (1.13) 8.41 (1.13) 8.25 (1.28)  0.275 0.243 0.276 

Log Frequency 
(SUBT) 2.59 (0.60) 2.60 (0.51) 2.58 (0.54)  0.243 0.243 0.243 

Familiarity 5.55 (0.72) 5.47 (0.62) 5.49 (0.65)  0.277 0.258 0.246 

No. Letters 7.08 (2.58) 6.78 (2.15) 6.92 (1.61)  0.277 0.255 0.253 

No. Phonemes 5.83 (2.22) 5.78 (1.84) 5.78 (1.73)  0.244 0.245 0.243 

No. Syllables 2.36 (0.96) 2.53(1.08) 2.39 (0.84)  0.298 0.245 0.285 

Orthographic N 2.25 (4.05) 1.81 (3.70) 1.78 (3.12)  0.269 0.277 0.243 

Phonological N 5.25 (9.64) 3.81 (7.08) 4.72 (8.22)  0.305 0.250 0.271 

OLD 2.49 (0.93) 2.35 (0.69) 2.49 (0.75)  0.305 0.243 0.317 

PLD 2.35 (0.92) 2.34 (0.85) 2.44 (0.98)  0.243 0.262 0.270 

Mean Bigram Freq 1895 (770) 1929 (830) 1952 (578)  0.246 0.257 0.245 

No. Morphemes 1.64 (0.68) 1.64 (0.72) 1.53 (0.65)  0.243 0.301 0.297 
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IMAGEABILITY-MATCHED SET (n=50) 

 MEAN (STANDARD DEVIATION)  STATISTICAL COMPARISONS 

 Emotion 
Non-

Emotion 
Abstract 

Concrete  
Emotion vs. Non-
Emotion Abstract 

Emotion vs. Concrete Non-Emotion Abstract 
vs. Concrete 

Imageability 3.80 (0.65) 3.67 (0.84) 6.28 (0.49)  t(98) = - 0.81, p = .419; 
BF = 0.280 

t(98) = 21.55, p < .001 t(98) = -19.02, p < .001 

Concreteness 2.86 (0.46) 3.36 (0.74) 6.30 (0.42)  t(98) = 4.08, p < .001 t(98) = 39.10, p < .001 t(98) = -42.46, p < .001 

Arousal 5.66 (1.24) 4.92 (1.06) 4.83 (0.89)  t(98) = -3.17, p=.002 t(98) = -3.81, p<.001 BF = 0.230 

Valence 4.48 (2.79) 5.43 (1.23) 5.52 (0.66)  t(98)= 2.20, p=.030 t(98) = 2.56, p=.012 BF = 0.232 

     
BF BF BF 

Log Frequency (HAL) 8.13 (1.21) 8.33 (1.23) 8.10 (1.16)  0.283 0.212 0.314 

Log Frequency 
(SUBT) 2.51 (0.65) 2.52 (0.51) 2.48 (0.52)  0.212 0.215 0.224 

Familiarity 5.50 (0.78) 5.38 (0.65) 5.37 (0.73)  0.284 0.288 0.211 

No. Letters 7.06 (2.37) 6.80 (2.13) 6.86 (1.74)  0.245 0.234 0.213 

No. Phonemes 5.90 (2.30) 5.8 (1.83) 5.84 (1.81)  0.216 0.213 0.212 

No. Syllables 2.46 (1.15) 2.6 (1.05) 2.46 (0.97)  0.253 0.211 0.261 

Orthographic N 2.32 (3.94) 1.74 (3.58) 1.80 (3.22)  0.274 0.266 0.212 
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Phonological N 5.12 (8.97) 3.76 (7.50) 4.46 (8.05)  0.285 0.225 0.231 

OLD 2.52 (0.88) 2.41 (0.68) 2.47 (0.78)  0.259 0.221 0.224 

PLD 2.46 (1.13) 2.40 (0.85) 2.46 (0.94)  0.219 0.211 0.221 

Mean Bigram Freq 1849 (724) 1957 (811) 1975 (583)  0.263 0.318 0.219 

No. Morphemes 1.60 (0.67) 1.6 (0.67) 1.56 (0.67)  0.211 0.219 0.220 
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Appendix C 
Raw Scores 

 
Numbers indicate total score for accuracy data and mean response times. Data is presented for each word set: emotion, non-emotion abstract and 
concrete, organised by task within the concreteness-matched and imageability-matched sets.  Raw scores are presented for non-target words: 
nonwords from the lexical decision task and distractor words from the identification recall task. RT = response time, ID Recall = Identification 
recall, NE Abstract = Non-Emotion Abstract. 
 
 
 

    BBK DTR MMR JDC SPN TLK OLG JOG MLK Group 
Average 

CONCRETENESS-MATCHED SET (n=36)                   

Free Recall 
Emotion 5 5 8 11 12 5 3 6 5 6.7 

NE Abstract 5 6 4 3 7 6 1 6 5 4.8 
Concrete 2 8 2 4 6 7 1 5 1 4.0 

ID Recall 
Emotion 33 23 33 34 30 34 32 30 26 30.6 

NE Abstract 32 18 33 22 27 29 31 27 26 27.2 
Concrete 28 28 30 30 30 33 31 28 27 29.4 

Lex Dec 
Accuracy 

Emotion 36 36 36 36 36 36 35 36 28 35.0 

NE Abstract 36 34 34 36 35 36 35 35 28 34.3 

Concrete 36 36 36 35 36 36 36 35 30 35.1 

Lex Dec RT 
Emotion 1530 (319) 1051 (191) 1229 (319) 1155 (382) 1599 (345) 1140 (313) 1357 (291) 1520 (316) 2069 (527) 1406 

NE Abstract 1462 (264) 1201 (351) 1374 (351) 1187 (305) 1800 (478) 1016 (232) 1581 (382) 1716 (383) 2109 (451) 1494 
Concrete 1598 (331) 1191 (236) 1444 (365) 1175 (313) 1646 (415) 1085 (271) 1542 (335) 1667 (405) 2045 (525) 1488 

Reading 
Accuracy 

Emotion 34 33 31 30 25 27 28 24 20 28.0 

NE Abstract 34 34 30 26 18 33 24 29 13 26.8 
Concrete 34 34 34 25 27 35 29 35 24 30.8 

Reading RT 
Emotion 921 (131) 864 (110) 1002 (391) 963 (135) 1368 (506) 1323 (369) 1026 (283) 1003 (293) 1285 (380) 1084 

NE Abstract 932 (101) 939 (151) 1078 (252) 1113 (225) 1429 (476) 1322 (339) 1019 (146) 895 (166) 1090 (241) 1091 
Concrete 961 (90) 888 (161) 1013 (135) 1085 (158) 1610 (652) 1348 (458) 1017 (233) 933 (193) 1092 (193) 1105 
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IMAGEABILITY-MATCHED SET (n=50)                   

Free Recall 
Emotion 8 8 9 11 16 6 4 9 7 8.7 

NE Abstract 6 7 5 7 6 7 1 8 5 5.8 
Concrete 5 9 4 5 8 10 2 6 3 5.8 

ID Recall 
Emotion 45 34 44 46 42 45 43 42 37 42.0 

NE Abstract 43 27 46 34 37 44 44 38 36 38.8 
Concrete 40 37 43 38 39 45 40 35 36 39.2 

Lex Dec 
Accuracy 

Emotion 50 48 50 50 49 50 47 50 39 48.1 

NE Abstract 49 47 50 49 48 48 47 50 36 47.1 
Concrete 49 49 50 48 50 50 50 48 42 48.4 

Lex Dec RT 
Emotion 1496 (323) 1103 (295) 1271 (327) 1116 (333) 1778 (471) 1152 (294) 1394 (283) 1501 (350) 2098 (531) 1434 

NE Abstract 1506 (299) 1224 (321) 1448 (386) 1201 (354) 1797 (464) 1029 (178) 1539 (373) 1767 (403) 2025 (409) 1504 
Concrete 1600 (353) 1197 (245) 1526 (477) 1223 (351) 1597 (413) 1102 (295) 1511 (346) 1676 (461) 2014 (474) 1494 

Reading 
Accuracy 

Emotion 47 46 43 42 31 37 32 33 24 37.2 

NE Abstract 44 47 36 30 20 46 35 34 18 34.4 
Concrete 42 48 46 35 37 49 42 46 35 42.2 

Reading RT 
Emotion 918 (122) 884 (134) 929 (259) 1020 (184) 1329 (369) 1325 (361) 962 (194) 969 (277) 1196 (340) 1059 

NE Abstract 943 (94) 981 (218) 1113 (295) 1100 (220) 1635 (631) 1335 (382) 1024 (170) 970 (241) 1108 (228) 1134 
Concrete 957 (126) 914 (148) 1000 (132) 1083 (153) 1675 (593) 1485 (579) 1049 (273) 940 (183) 1105 (206) 1134 

NON-TARGET WORD SETS 
          

Lex Dec Nonwords (n=156) 153 153 154 156 145 140 142 145 148 148.4 

Lex Dec Nonwords RT 1987 1403 1552 1282 1843 1526 1837 1779 2218 1714 

Recall ID Emotion Distractors (n=26) 24 23 21 24 25 13 18 11 21 20.0 

Recall ID NE Abstract Distractors (n=26) 25 25 22 21 24 14 18 17 18 20.4 

Recall ID Concrete Distractors (n=26) 26 25 26 21 26 15 22 18 24 22.6 
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Appendix D 

Statistical Results 
 

Free recall, identification recall (ID Recall), lexical decision (Lex Dec) and reading accuracy are Fisher Exact Tests.  Lexical decision and reading 
response times (Lex Dec RT; Reading RT) are independent t-tests. Group are Stouffer's tests. Unless otherwise stated numbers denote two-tailed p-
values.  

 
    BBK DTR MMR JDC SPN TLK OLG JOG MLK Group  

C
on

cr
et

en
es

s-
M

at
ch

ed
 S

et
 

Free Recall 1.000 1.000 .343 .036 .285 1.000 .614 1.000 1.000 z = -1.70,      
p = .088 

ID Recall 1.000 .341 1.000 .001 .563 .151 1.000 .563 1.000 z = -2.87,      
p = .004 

Lex Dec 
Accuracy 1.000 .493 .493 1.000 1.000 1.000 1.000 1.000 1.000 z = -0.39,      

p = .697 
Lex Dec 
RT 

t(70) = 0.99, 
p = .327 

t(66) = 2.19, 
p = .033 

t(68) = 1.81, 
p = .076 

t(65) = .039, 
p = .702 

t(58) = 1.84, 
p = .065 

t(69) = 1.89, 
p = .062 

t(64) = 2.66, 
p = .009 

t(65) = 2.28, 
p = .026 

t(31) = 0.23, 
p = .817 

z = -2.78,      
p =.005 

Reading 
Accuracy 1.000 1.000 1.000 .396 .149 .111 .430 .285 .155 z = -0.71,      

p = .477 
Reading 
RT 

t(65) = 0.52, 
p = .602 

t(65) = 2.25, 
p=.028 

t(39) = 0.87, 
p = .389 

t(50) = 2.82, 
p = .008 

t(39) = 0.54, 
p = .591 

t(55) = .11, 
p = .913 

t(43) = .04, 
p = .966 

t(40) = 1.27, 
p = .210 

t(27) = 1.50, 
p = .145 

z = -1.27,      
p = .205 

Im
ag

ea
bi

lit
y-

M
at

ch
ed

 S
et

 

Free Recall .774 1.000 .390 .437 .031 1.000 .361 1.000 .760 z = -2.37,      
p = .018 

ID Recall .760 .221 .740 .006 .329 1.000 1.000 .456 1.000 z = -2.25,      
p = .025 

Lex Dec 
Accuracy 1.000 1.000 1.000 1.000 1.000 .477 1.000 1.000 .646 z = -0.52,      

p = .604 
Lex Dec 
RT 

t(97) = 0.16, 
p = .871 

t(92) = 1.89, 
p = .062 

t(95) = 2.44, 
p = .017 

t(93) = 1.20, 
p = .232 

t(88) = 0.10, 
p =.918 

t(94) = 2.49, 
p=.015 

t(90) = 2.09, 
p = .038 

t(89) = 3.35, 
p = .001 

t(43) = 0.51, 
p = .604 

z = -1.73,      
p = .084 

Reading 
Accuracy .487 1.000 .142 .015 .047 .034 .672 1.000 .314 z = -1.70,      

p = .088 
Reading 
RT 

t(87) = 1.10, 
p = .275 

t(86) = 2.51, 
p = .014 

t(49) = 2.37, 
p = .024 

t(64) = 1.61, 
p = .126 

t(46) = 2.11, 
p = .062 

t(73) = 0.11, 
p=.908 

t(58) = 1.3, 
p = .195 

t(54) = 0.01, 
p = .991 

t(34) = 0.89, 
p = .367 

z = -3.76,      
p < .001 
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Appendix E 

Regression Results 
 

Dependent variables are group level outcome data. "RT" refers to response time. Parameters included in the base model are: imageability, valence, 
concreteness, arousal, familiarity, spoken and written frequency, length (letters, phonemes, syllables), orthographic neighbourhood size, 
phonological neighbourhood size, orthographic Levenshtein distance, phonological Levenshtein distance, mean bigram frequency, number of 
morphemes. Variance inflation factors (VIF) were less than 2.5 for both Imageability and Valence for every model. 
 
 

Dependent Variable ANOVA Imageability Valence 

Free Recall (items recalled) R2 = 0.167, F(15,88) = 1.180, p = .302 β = .188, t(102) = 1.44, p = .153 β = .054, t(102) = 0.42, p = .679 

Identification Recall (items correctly 
selected) 

R2 = 0.341, F(15,88) = 3.039, p < .001 β = .282, t(102) = 2.43, p = .017 β = .155, t(102) = 1.36, p = .178 

Lexical Decision Accuracy R2 = 0.300, F(15,88) = 2.518, p = .004 β = .226, t(102) = 1.89, p =.062 β = .015, t(102) = 0.13, p = .897 

Lexical Decision RT R2 = 0.288, F(15,88) = 2.376, p = .006 β = -.170, t(102) = -1.41, p = .162 β = .024, t(102) = 0.20, p = .842 

Reading Accuracy R2 = 0.462, F(15,88) = 5.036, p < .001 β = -.035, t(102) = -0.34, p = .738 β = -.035, t(102) = -0.34, p = .735 

Reading RT R2 = 0.270, F(15,88) = 2.149, p = .014 β = -.156, t(102) = -1.28, p = .204 β = -.015, t(102) = -0.12, p = .901 
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