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Abstract  

Emotion can have facilitative effects on word processing with words that label emotions 

and/or have strong emotional associations (high valence and/or arousal) showing an 

advantage on word processing tasks. However, there has been little research on the 

production of emotion-label words. In this study, we examined emotion effects in production 

(reading aloud) and recognition (lexical decision), comparing processing of a large set of 

emotion-label words and non-emotion abstract words. Response latencies to emotion-label 

and non-emotion words did not differ in lexical decision but emotion-label words showed 

significantly faster response times in reading aloud. Valence and arousal did not significantly 

influence response times in either task. We suggest that the presence of an emotion-label 

advantage only in reading aloud and in the absence of valence/arousal effects points to a 

fragility of emotion effects. These findings contrast with previous studies which indicate a 

key role of valence and arousal in word processing. 
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Introduction 

Research regarding abstract word processing has often highlighted words that 

describe emotions, such as ‘happiness’, ‘hatred’, or ‘anxiety’, as potentially unique (e.g., 

Altarriba & Bauer, 2004; Catricalà et al., 2014; Pulvermüller, 2018) with Altarriba and Bauer 

(2004) even suggesting that emotion words may form a separate subgroup, distinct from other 

abstract words. This suggestion was driven by their finding of distinct behavioural outcomes 

for emotion words (i.e., words that specifically label emotions such as ‘happiness’ and 

‘anxiety’) compared with other abstract words, with emotion words having faster response 

times on a primed lexical decision task and higher accuracy in free recall. Similar findings of 

distinct outcomes for emotion words have been found on other tasks. For example, in silent 

reading, eye-tracking data suggests faster processing of emotion words than neutral words 

(Knickerbocker et al., 2015); in the Stroop task emotion words but not neutral words show 

Stroop interference (Sutton & Altarriba, 2008); and in a Flanker task, emotion words are 

responded to slower than words that do not describe emotions (Zhang et al., 2019). 

 

Further evidence of differences in emotion word processing compared with other 

abstract words has been reported in clinical studies with evidence of both relative 

preservation and specific impairment of words that label emotions compared with other word 

categories. Catricalà et al. (2014) presented evidence for selective preservation of emotion 

words in people with Alzheimer’s Disease (AD) on word association and sentence 

completion tasks, while ‘social relations’ and ‘other abstract’ word categories were impaired 

(for a similar pattern, see Martin & Fedio, 1983). Better performance on emotion words has 

also been reported in people with stroke aphasia, for example, showing faster response times 

in visual lexical decision (Newton et al., 2020) and higher accuracy in reading aloud (Landis 

et al., 1982). However, these studies have taken a broad classification of emotion words 
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referring to all words with emotional connotations, and not only words that label emotion 

states. In contrast, Hsieh et al. (2012) reported evidence that emotion words can be 

selectively impaired in people with behavioural-variant frontotemporal dementia (bvFTD) on 

a word association task while non-emotion abstract words and concrete words were spared. 

However, there is the possibility that any deficits in emotion word processing reported in 

these clinical studies may in fact be associated with emotion processing impairments more 

generally. For example, Souter et al. (2021) showed that people with semantic variant 

primary progressive aphasia (sv-PPA) and (stroke) aphasia can show deficits in their ability 

to identify and categorise emotional facial expressions. As such, further research is needed to 

distinguish whether deficits in emotion word processing may be the result of impairments of 

emotion perception and vice versa.  

 

Possible explanations for distinct processing of emotion words compared with other 

abstract words have been proposed based on specific characteristics that distinguish them 

from other abstract words (e.g., Altarriba & Bauer, 2004; Altarriba et al., 1999). Specifically, 

emotion words have been found to have features which are more typically associated with 

concrete words, such as relatively high imageability (Altarriba et al., 1999; Paivio et al., 

1968) and high context availability (Altarriba et al., 1999). There is extensive evidence that 

imageability facilitates lexical processing (e.g., Balota et al., 2004; Paivio et al., 1968; Strain 

& Herdman, 1999), and Paivio (1991) explained this effect using dual coding theory 

according to which all words have a verbal representation, but words with high imageability 

have an additional non-verbal representation. For high imageability words, these two 

representations have an additive effect, which is argued to explain their faster processing 

compared with low imageability words. Similarly, higher ratings of context availability have 

also been associated with a facilitatory effect on lexical processing (e.g., Colombo & Burani, 
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2002; Schwanenflugel et al., 1988; Schwanenflugel et al., 1992; Schwanenflugel & Stowe, 

1989). Context availability refers to how much a word is tied to a specific context and the 

extent to which its meaning is reliant on the contexts in which it is used (Schwanenflugel et 

al., 1988). For example, the word ‘happiness’ is rated as high in context availability as it is 

relatively easy to think of a particular context in which it may be used and its meaning is not 

particularly variable based on context. In contrast, a word such as ‘quality’ is rated as low in 

context availability: it is more difficult to think of a context in which it may be used and its 

meaning changes from context to context (e.g., ‘The vase was of high quality’ vs. ‘The 

student’s best quality was their positive attitude’). The high ratings of both imageability and 

context availability for emotion words distinguish them from other abstract words and these 

factors are hypothesised to have a facilitatory effect on their processing, similar to that found 

for concrete words (Altarriba & Bauer, 2004).  

 

An alternative explanation that may account for differences between processing of 

emotion words and other abstract words, relates to their inherent emotionality. There has 

been growing interest in how semantic features relating to emotion (i.e., affective features) 

may impact on lexical processing (see Hinojosa et al., 2020 for a review) and the role these 

features play in the learning and processing of abstract concepts specifically (e.g., Kousta et 

al., 2009; 2011; Vigliocco et al., 2009; Vigliocco et al., 2014). To date, there has been a focus 

on two affective features: arousal (the degree to which a word/concept is associated with 

activity/passivity), and valence (the degree to which a word/concept is associated with 

positivity/negativity). In a large-scale study of visual lexical decision, Kousta et al. (2011) 

showed that words with extreme (very negative or very positive) valence had an advantage 

over neutrally valenced words while arousal had a marginal effect. In addition, although 

abstract words had faster response times compared with concrete words when imageability 
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and context availability were controlled, this abstract word advantage was not present when 

valence and arousal were included in the statistical model. Kousta et al. (2011) explained this 

effect of affective features within an embodied language account of lexical processing, 

suggesting that while visual imagery provides sensorimotor grounding for concrete concepts, 

for abstract words grounding comes from emotional features and associations. 

 

An implication of this account, however, is that a processing advantage would be 

expected for not only emotion words but also for any words with strong valence and arousal 

and indeed there is evidence that there is a processing advantage for all words with strong 

emotional associations, even those that do not refer to emotions themselves (e.g., Kousta et 

al., 2009, 2011; Vinson et al., 2014). This leads to a key issue facing this research, related to 

how emotion words are defined. There are two possibilities: either they can be words that 

label emotions, such as ‘happiness’, or words that have emotional qualities or associations 

but are not actually emotions, such as ‘violence’. There is some evidence for a difference in 

the outcomes of behavioural experiments between words that specifically label emotions 

(emotion-label words) and words with emotional associations (emotion-laden words) (e.g., 

Simon task, Altarriba & Basnight-Brown, 2011; masked/unmasked primed lexical decision, 

Kazanas & Altarriba, 2015; eye-tracking in silent reading, Knickerbocker & Altarriba, 2013), 

as well as in in patterns of neural activity (e.g., Wang et al., 2019; Wu et al., 2021; Wu & 

Zhang, 2019; Zhang et al., 2019). However, when controlling for more factors (e.g., age of 

acquisition, imageability, concreteness, mean bigram frequency), Vinson et al. (2014) did not 

find that emotion-label words differed in lexical decision response times from other abstract 

words with emotional associations. 
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It is also important to note that while numerous studies have demonstrated effects of 

valence and/or arousal, there are some inconsistencies in the specific patterns observed. For 

example, while some studies have demonstrated a facilitative effect of extremity of valence 

similar to Kousta et al. (2009; 2011) (e.g., Crossfield & Damian, 2021; Lund et al., 2019; 

Vigliocco et al., 2014; Yap & Seow, 2014), evidence from other authors suggests that the 

effect of valence may be directional, with negative words showing a processing disadvantage 

compared with positive words (e.g., Estes & Aldeman, 2008; Kuperman et al., 2014, Larson 

et al., 2008; Sutton & Lutz, 2019).  Outcomes for arousal have also been variable: some 

studies have failed to find an effect (e.g., Vinson et al., 2014), others have shown low arousal 

words to have faster response times compared with high arousal words (Kuperman et al., 

2014), while the reverse, high arousal words having faster response times than low arousal 

words, has also been reported (Kever et al., 2019).  

 

In sum, the current evidence suggests that the presence of an emotional element as 

part of word meaning can influence lexical processing. However, whether words that 

specifically label emotions can be considered a distinct category of abstract words with 

different processing characteristics appears inconclusive. Moreover, the extent to which 

semantic dimensions including valence, arousal, imageability and context availability act on 

abstract word processing warrants further exploration. Consequently, in this study, we aimed 

to address this issue further. We not only extend previous research on lexical decision, but 

also examine reading aloud to explore the production of emotion words.  

 

As discussed previously, emotion words are reported to be rated higher in 

imageability than other abstract words and so it is of relevance here that imageability has 

been shown to have a greater effect in lexical decision than reading aloud (Balota et al., 2004; 
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Cortese & Khanna, 2007; Ferrand et al., 2011). Meanwhile, to our knowledge, there has been 

no study looking at the comparative effects of word type (emotion vs. non-emotion) between 

lexical decision and reading aloud tasks. Indeed, there has been relatively little research on 

the effects of affective variables (valence/arousal) in production tasks, with the notable 

exceptions of Estes and Adelman (2008) and Larsen et al (2008), however these studies did 

not focus on abstract words specifically. 

 

We also address some key limitations of much of the previous research: i)  a tendency 

to use relatively small word sets (due to emotion words being a very restricted word group; 

e.g., Altarriba and Bauer, 2004 N = 30 per set; Kazanas & Altarriba, 2015, N = 14 per set), 

reducing power; ii)  have limited control of other variables, introducing potential confounds, 

and/or iii) take a broad definition of emotion words (e.g., Kousta et al., 2011; Vinson et al., 

2014). Therefore, we maintained a strict definition of emotion words and used a 

comparatively large set of 104 items (52 emotion, 52 non-emotion abstract) matched across a 

large range of variables and statistically controlled for the effects of any unmatched features.  

 

This research therefore aimed to investigate whether adult native English speakers 

show a difference between emotion words and other abstract words in lexical decision and 

reading aloud. In addition, we explored the effects on these tasks of those variables that have 

been hypothesised to influence emotion and abstract word processing (imageability, context 

availability, extremity of valence, and arousal). In particular, we examined the extent to 

which any difference between the word sets (emotion vs. non-emotion abstract) may be 

accounted for by the effects of these variables.  If emotion words are distinct in their lexical 

processing, this has implications for stimulus selection in research using abstract words and 

may also draw into question whether abstract words can be viewed as a cohesive group. An 
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additional motivation for our study was to further explore the Kousta et al.’s (2011) position 

that affective features (extremity of valence and arousal) may play a particularly important 

role in the processing of abstract words and to therefore determine whether this finding could 

be replicated in lexical decision and whether a similar finding may be evident in reading 

aloud.  

 

Preregistration documents, raw data, code and supplementary materials can be accessed at 

https://osf.io/tyjse/files/osfstorage. Supplementary Materials include participant, stimuli and 

analysis details (S1), norming instructions (S2) and all analysis outputs (S3). Aspects of the 

analysis plan which were not clearly conveyed in the preregistration document are outlined in 

S1. 

 

Experiment 1: Lexical Decision 

The first experiment addressed two research questions. First (Research Question 1.1), 

we asked: Are there differences in the response times to emotion and non-emotion abstract 

words on a lexical decision task? In answering this question, we aimed to extend the previous 

research (Altarriba and Bauer, 2004; Kazanas & Altarriba, 2015) by using larger sets of 

stimuli and carefully matching emotion and non-emotion words for variables that have 

sometimes been uncontrolled. Consistent with previous studies, we predicted that emotion 

words would have shorter response latencies compared to non-emotion abstract words. 

  

Our second research question (Research Question 1.2) addressed the nature of any 

processing differences between emotion and non-emotion abstract words by asking: Can any 

effect of word type (emotion/non-emotion abstract) on lexical decision response times be 

explained by variables previously shown to influence emotion word processing? Previous 

https://osf.io/tyjse/files/osfstorage
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research has shown that lexical decision response times are influenced by imageability (e.g., 

Balota et al., 2004; Ferrand et al., 2011), context availability (Schwanenflugel et al., 1988), 

valence (e.g., Kousta et al., 2009; 2011; Kuperman et al., 2014; Vinson et al., 2014), and 

arousal (e.g., Kever et al., 2019; Kuperman et al., 2014). As outlined earlier, it has been 

suggested that one, or a combination, of these variables may underlie differences in 

processing emotion and other non-emotion abstract words. If this is the case, any effect of 

word category (emotion vs. non-emotion abstract) should no longer be apparent when these 

factors are added to the statistical model. This analysis was to be implemented even if no 

effect of word type was found to further investigate the effects of these variables on abstract 

word processing, and in particular, whether there was support for Kousta et al.’s (2009; 2011) 

position that abstract word processing is strongly influenced by affective variables (extremity 

of valence/arousal). 

 

Methods 

Power Analysis 

The number of participants was determined in accordance with Brysbaert’s (2019) 

suggestion that the minimum number required for a two-level study is 52. However, as we 

would be drawing participants from a student group which includes a large proportion of 

bilingual speakers and previous studies suggest a possible effect of bilingualism on emotion 

word use (e.g., Pavlenko, 2008), we aimed to recruit 112 participants in total with a minimum 

of 56 monolingual speakers to allow for loss of data sets and exclusion of bilingual speakers 

should (pre-planned) analysis indicate an effect of bilingualism. 
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Participants 

One hundred and twelve native English speakers were recruited from the Macquarie 

University undergraduate psychology student pool over a single semester and received course 

credit for their participation. Selection criteria were that participants had no history of 

communication, language or reading difficulties and had no hearing, eyesight or physical 

difficulties that would impact on their ability to complete the tasks. Participants provided 

written consent prior to participating in the experiments and were informed that they may 

stop participating at any time. This study was conducted with ethics approval from the human 

research ethics committee at Macquarie University. 

Addition of bilingualism to a model with all experimental variables (Analysis 1.2; 

Model 4 in Analysis 1.2, See Table 2 for model structures) revealed a significant interaction 

between bilingualism and arousal (Log transformed data: β = 0.01, SE = 2.54e-03, t(9937) = -

2.33,  p = .020; Untransformed data: β = 3.76, SE = 1.85, t(9936) = 2.03,  p = .043). We 

therefore excluded bilingual participant data from the analyses, resulting in the inclusion of 

67 (monolingual) participants. These participants ranged from 18-53 years of age, with a 

mean of 20.5 years (standard deviation, SD = 5.40).  Forty-four participants identified as 

female, 19 as male and three as other.  

 

Materials 

Word stimuli consisted of 52 emotion and 52 non-emotion abstract words, as well as 

52 concrete words which acted as fillers and were not included in the analyses. Emotion 

words were selected from the emotion categories (including synonyms or near-synonyms) 

described by Cowen and Keltner (2017).  
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Clearly defining what is and is not an emotion word is difficult (e.g., Pavlenko, 2008) 

and may vary between populations, for example there may be differences in the emotion 

lexicons of older and younger adults (e.g., Schrauf & Sanchez, 2008). Therefore, after they 

completed the lexical decision experiment, participants were asked to rate on a 1-7 scale the 

extent to which the word stimuli referred to an emotion. We used Moseley et al.’s (2012) 

instructions with minor changes (e.g., the word ‘speak’ changed to ‘describe’ to be suitable 

to the written, rather than spoken stimuli used in this experiment). Emotion words had an 

average rating greater than five and the non-emotion words had average ratings less than 

three.  

 

We also predicted that any emotion word effect may be influenced by the 

participants’ knowledge of the word stimuli. Consequently, following the experimental 

tasks, participants provided a rating of familiarity for each word stimulus using methods 

drawn from Stadthagen-Gonzalez and Davis (2006). Words with a familiarity rating of ‘1’ 

(indicating the participant did not know they word) were excluded from that participant’s 

dataset (12 items across all included participants).  

 

Word set matching was conducted using JASP software (JASP, 2020). Bayesian 

Independent T-Tests were used with a Bayes Factor (BF10) criterion of less than 0.333, see 

Table 1. Only familiarity1 and concreteness were outside this Bayes factor criterion and were 

therefore included as control variables in the statistical models. However, given that there 

may be concerns regarding multicollinearity between concreteness and imageability, 

 
1 Note that this was not the participants’ familiarity ratings which were only used for the purposes of 

excluding items from the analysis. Familiarity ratings used in analyses were taken from Scott et al., 

2019. 

https://www.tandfonline.com/author/Schrauf%2C+Robert+W
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additional analyses were also run using a smaller set of 36 emotion and 36 non-emotion 

words for which concreteness matched and therefore was not required to be included as a 

control variable (Emotion word set: mean = 2.38, SD = 0.44; Non-emotion abstract word set: 

mean = 2.46, SD = 0.51; BF10 = 0.295). 

 

[Table 1 near here] 

 

To ensure that they were appropriate for the population from which our sample of 

participants were drawn, prior to the commencement of the study, ratings for arousal, 

valence, imageability and context availability were collected from another cohort of 

Macquarie University undergraduate students. Instructions for the ratings were drawn from 

previous studies (imageability: Stadthagen-Gonzalez & Davis, 2006; context availability: 

Schwanenflugel et al., 1988; valence and arousal: Scott et al., 2019). There were high 

correlations between our ratings for the word stimuli and existing arousal, valence and 

imageability norms (all > .80) (imageability: Bristol Norms, Stadthagen-Gonzalez & Davis, 

2006; valence and arousal: Glasgow norms, Scott et al., 2019). Context availability ratings 

were not compared to existing norms due to a lack of pre-existing ratings for the stimuli. 

 

Nonwords were generated from the English Lexicon Project database (Balota et al., 

2007) and matched with real word stimuli for length (number of letters and number of 

phonemes), number of morphemes, number of syllables, mean bigram frequency and 

orthographic neighbourhood density.  
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Procedure 

Lexical Decision Task. The experiment was run using PsychoPy software (Peirce et 

al., 2019). Prior to beginning the experiment, participants were provided with written and 

verbal instructions and completed 5 practice trials. The 312 experimental trials (52 emotion 

words, 52, non-emotion abstract words, 52 concrete word fillers, 156 nonwords) were 

presented in 3 blocks, with a 10 second break between blocks. Each 104-item block contained 

52 words and 52 nonwords, including 17-18 each of emotion words, non-emotion abstract 

words and concrete filler words. Block order was counterbalanced between participants and 

order of trials was randomised. A trial began with a white fixation cross in the centre of a 

black screen. At 100ms, a lowercase letter string was displayed in the centre of the screen in 

white, size 60, Arial font. Participants provided a button press response and the trial ended 

when the participant responded, or after 2000ms if the participant did not respond.  

 

Data Preparation. 

Data Exclusion. Analysed data was limited to correct responses and responses with 

latencies greater than 200ms. Data was visually inspected for outliers and, in line with the 

recommendations of Baayen and Milin (2010), a conservative approach was taken with an 

aim of excluding minimal data (< 10%). Across all participants, there were 239 incorrect 

responses. Of the correct responses, one item was excluded due to a response time less than 

200ms and 12 items excluded that were outside the main range on visual inspection. This 

represented 0.2% of the total correct datapoints with no more than two excluded outliers per 

participant.  

 



 15 

Data Transformations. A Box-Cox test (Box & Cox, 1964) was run using the MASS 

package (Venables & Ripley, 2002) to determine which (if any) form of data transformation 

was appropriate. This indicated a log transformation was appropriate (𝛌 ≅ 0). However, 

noting that concerns have been raised regarding the use of data transformation in linear mixed 

effects models (e.g., Balota et al., 2013; Cohen-Shikora et al., 2019; Wilcox & Rousselet, 

2017), we followed the guidelines suggested by Brysbaert and Stevens (2018) and ran 

analyses on both transformed and untransformed data. We only interpreted effects as 

meaningful when they were significant in both analyses.  

 

Variable Coding. Contrast coding was used for word type, task order and bilingual 

status. Continuous variables (imageability, context availability, arousal, extremity of valence, 

directional valence, familiarity, concreteness, presentation order) were standardised. As 

previous studies have commonly found that lexical processing is facilitated by both positive 

and negative valence (e.g., Kousta et al., 2009; Vinson et al., 2014), it was predicted that any 

effect of valence would be evident at both extremes of the scale (very positive and very 

negative). Consequently, to generate an extremity of valence measure, valence ratings were 

converted to a 1- 4 scale with neutral ratings low on the scale (0) and strongly valenced 

ratings (both positive and negative) high on the scale (4).  

 

Analysis Methods. 

Linear mixed effects modelling was used in two sets of analyses: first to examine for 

an effect of word type (Research Question 1.1) and second for an effect of word type, 

arousal, extremity of valence, imageability and context availability (Research Question 1.2).  

Analyses were run in R-studio (R Core Team, 2013) using the lme4 package (Bates et al., 

2015). Details of the analysis parameters are provided in Table 2. For RQ 1.2, we used a 
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hierarchical approach in which the order of variable inclusion was determined by those 

features most expected to influence outcomes based on previous modelling in Vinson et al. 

(2014) (i.e., extremity of valence and arousal, followed by imageability, followed by context 

availability which was not included in Vinson et al.). Extremity of valence and arousal were 

added simultaneously following Kousta et al. (2011) who expressed a preference for 

considering these variables together as ‘affective associations’ arguing that for abstract words 

there was no clear rationale for expecting dissociations between them. Planned comparisons 

of the models were carried out using Likelihood Ratio Tests (ANOVA). Following the 

recommendations of Matuschek et al. (2017) in relation to concerns regarding loss of power 

with more complex models, where there was no significant difference between models, we 

report the simpler model. In response to the recommendations of an anonymous reviewer, 

relating to the potential for Type I errors (Barr et al., 2013), we also ran maximal models with 

the most complete random effects structure that would converge. Any change in the model 

outcomes is reported in the relevant section of the Results, and maximal model outputs are 

provided in the Supplementary Materials (S3).   

 

[Table 2 near here] 

 

Results 

Mean accuracy on the lexical decision task was close to ceiling at 96.6% (SD = 3.16). 

Therefore, we analysed only response time data (for correct responses). 

 

Analysis 1.1: Effect of Word Type 

Analysis using log transformed data showed only a marginal difference between 

models with and without by participant random slopes for word type (χ2 (2) = 5.77, p = .056). 
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Therefore, we report the model without random slopes here (see Table 3 for a summary of 

LME output). Model outputs showed that word type (emotion vs. non-emotion abstract 

words) did not significantly predict variance in response times. This is reflected in the mean 

response times for each set (mean RT: Emotion = 625ms, SD = 170; Non-emotion abstract = 

621ms, SD = 166). Comparison of this model and a base model without the word type 

experimental variable showed no significant difference between the models, further 

supporting that word type did not contribute significantly to the fit of the model (χ2(1) = 

0.004, p = .952). Of the control variables, presentation order, response time on the previous 

trial and familiarity showed significant effects in the expected directions, while there was no 

significant effect of concreteness or task order.  

 

As outlined above, we examined outcomes in analyses using both log transformed and 

untransformed data with an effect only considered meaningful if this was found across both 

sets of analyses (Brysbaert & Stevens, 2019). In contrast to the analysis using transformed 

data, analysis with untransformed data showed a significant difference between models with 

and without random slopes for word type (χ2(2) = 10.99, p = .004 and therefore the model 

with random slopes is reported (Table 3). The pattern of fixed and random effects results was 

unchanged from those found for the log transformed data: there was no significant effect of 

word type, adding word type to the base model did not improve the fit of the model and there 

were significant effects of the control variables presentation order, response time on the 

previous trial and familiarity. 

 

[Table 3 near here] 
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Analysis 1.2: Effect of Extremity of Valence, Arousal, Imageability and Context 

Availability 

In Analysis 1.2, we examined the effects of extremity of valence, arousal, 

imageability and context availability on the lexical decision response times. Comparisons 

indicated that there was only a significant difference in model fit between Model 1 (extremity 

of valence, arousal) and Model 2 (extremity of valence, arousal, imageability; Log 

transformed data: χ2(1) = 5.608, p = .018; Untransformed data: χ2(1) = 6.761 , p = .009, see 

Table 1 for an outline of Model structures). Consequently, as Model 2 best fit the data, the 

outcomes of this model are reported in Table 4.  

 

Interpretation of fixed effect estimates of the best fitting model indicated a significant 

effect of imageability, but not of the other experimental variables. Of the control variables, 

familiarity, presentation order and response time of previous trial showed significant effects 

in the expected directions, consistent with Analysis 1.1. These results were true of both log 

transformed and untransformed data.  

 

[Table 4 near here] 

 

Preregistered Exploratory Analyses 

Additional planned exploratory analyses were conducted to determine whether the 

outcomes were impacted by multicollinearity between fixed effects (specifically, between the 

experimental variables and between imageability and concreteness). As a null-effect was 

found for extremity of valence, we also carried out (planned) exploratory analyses to examine 

whether this could be accounted for by direction of valence (negative or positive) or due to 
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the effect being modulated by an interaction between valence and arousal or valence and 

word frequency. The results of these analyses are reported below. 

 

Multicollinearity of Fixed Effects. Having closely correlated fixed effects impacts 

the ability to interpret the effect of any one variable (see for example, Yoo et al., 2014). In 

our analysis, the intercorrelations between experimental variables were relatively low (all r < 

0.5). Moreover, the Variance Inflation Factors (VIFs) in all the models were less than 1.75 

(see Table 4). This is below the cut-off of 2.5 which has been interpreted as indicating 

minimal concern for multicollinearity consistent with the recommendations of Allison 

(1999).  Nonetheless, to err on the side of caution, we addressed the possible impacts of 

multicollinearity in two further ways: first the correlation between concreteness and 

imageability was addressed by analysing a smaller subset of words (36 emotion words and 36 

non-emotion abstract words) which were matched on concreteness and therefore allowed 

concreteness to be removed from the model. Secondly, we ran single variable models to 

examine the effect of each variable on the model independently of the other experimental 

variables. 

 

Concreteness-Matched Word Sets. Analyses 1.1 and 1.2 were repeated but using 

concreteness-matched word sets and without concreteness included as a fixed effect. These 

analyses showed two changes to the results using the larger word set: in the analysis with 

untransformed data there was no significant difference between models with and without 

random slopes in Analysis 1.1. All other results for both Analysis 1.1 and Analysis 1.2 

showed the same pattern reported above with the larger stimulus set both with log 

transformed and untransformed data. 
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Models with a Single Experimental Variable. We also ran models in which the 

fixed effects included only one experimental variable (extremity of valence, arousal, 

imageability or context availability which were compared with a base model with no 

experimental variables. Model comparisons showed a significant difference between a model 

with arousal as the only experimental variable and the base model (Log transformed data: 

χ2(1) = 4.974, p = .026, Untransformed data: χ2(1) = 4.583, p = .032) and between the model 

with imageability and the base model (Log transformed data: χ2(1) = 8.399, p = .004, 

Untransformed data: χ2(1) = 9.398, p = .002). The single variable model including extremity 

of valence and the model including context availability did not show a significantly improved 

fit to the data when compared with the base model.  

 

Direction of Valence. The main analysis of valence was conducted using a collapsed 

1-4 scale (as described in the Methods) in order to capture the effect of extremity of valence. 

However, as noted previously, some researchers have reported the effect of valence to be 

directional, with a processing advantage for positive words over negative words (e.g., Estes 

& Aldeman, 2008; Kuperman et al., 2014, Larson et al., 2008; Sutton & Lutz, 2019).  To 

determine if direction of valence impacted on outcomes, we also conducted an analysis using 

the same model structures as Analysis 1.2 but using continuous valence ratings (based on a 1-

7 scale where 1 = negative, 7 = positive; standardised). This also showed no evidence of a 

significant effect for valence and the pattern of results was unchanged: Model structure 2 in 

which imageability was added to the model remained a significantly better fit than Model 

structure 1 (valence and arousal as the experimental variables) (Log transformed data: χ2 (1) = 

5.827 p = .017; Untransformed data: χ2 (1) = 6.903, p = .009). All other model comparisons 

remained non-significant.  
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Interaction of Valence with Frequency and Arousal. It has also been suggested that 

valence may interact with frequency (Barriga-Paulino et al., 2022, Kuperman et al., 2014, 

Scott et al., 2014) and arousal (Barriga-Paulino et al., 2022, Citron et al., 2014, Larsen et al., 

2008). We used log frequencies drawn from the HAL (Lund & Burgess, 1996) database to 

calculate the frequency interactions. The interactions were not significant when added to the 

best fitting model (Model 2) although the interaction between extremity of valence and 

frequency was marginal in the untransformed data analysis (extremity of valence*frequency: 

Log transformed data: β = 2.57e-03, SE = 1.84e-03,  t(116.1) = -1.14, p = .161; 

Untransformed data: β = 2.16, SE = 1.30,  t(113.9) = 1.66, p = .097.  

When directional valence was used in place of the extremity of valence measure, the 

interaction between frequency and directional valence was marginal when both log 

transformed and untransformed data were used (Log Transformed data: β = 0.01, SE = 4.36e-

03, t(92.4) = 1.77, p = .079; Untransformed data: β = 6.05, SE = 3.08, t(92.1) = 1.97, p = 

.052).  

 

Discussion 

The motivation for this experiment was to investigate whether there were differences 

in lexical decision response times between subsets of abstract words, specifically, abstract 

words that label emotions (‘emotion words’) and other abstract words (‘non-emotion abstract 

words’). However, we found no evidence to support an effect of word type (emotion 

words/non-emotion abstract words). This was also in line with the results from Kousta et al. 

(2011) and Vinson et al. (2014). Vinson et al. showed that emotion words did not differ from 

other abstract words (in lexical decision response times), but instead argued that differences 

in performance were based on how emotional a word was, as measured by ratings of 

extremity of valence and arousal.  
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Our second analysis allowed us to further investigate how the outcomes may have 

been influenced by the semantic variables: extremity of valence, arousal, imageability, and 

context availability. Only imageability was shown to have a significant impact on 

performance. This is in contrast with Kousta et al.’s (2011) position that extremity of valence 

and arousal impact on processing of abstract words while imageability plays a greater role in 

the processing of concrete words (see also Vigliocco et al., 2014; Vinson et al., 2014). We 

also carried out (planned) exploratory analyses that ruled out any impact of multicollinearity 

on our effects: Analyses using word sets that were matched for concreteness, and models 

with single experimental variables produced results consistent with the outcomes of the more 

complex models. It was also not the case that the lack of an effect of valence was due to the 

impact of valence direction (positivity/negativity). Despite previous research which suggest 

faster processing times for positively valenced words compared with negatively valenced 

words (e.g., Estes & Aldeman, 2008; Kuperman et al., 2014, Sutton & Lutz, 2019), our 

analyses still showed no effect of valence when using a continuous scale. A marginal 

interaction was found between frequency and both measures of valence (extremity of valence 

and directional valence) suggesting that it may be that the valence effects were impacted by 

the frequency of our stimuli. However, this was only evident in the untransformed data 

analysis and so should be interpreted with caution. 

 

In summary, the results of this experiment support an effect of imageability on 

processing of emotion and non-emotion abstract words in a lexical decision task but did not 

provide evidence supporting a difference based on word type (emotion/non-emotion abstract) 

or valence or context availability. In the second experiment, we examined if this pattern of 

results would be evident in a word production task: reading aloud. 
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Experiment 2: Reading Aloud 

In this experiment, we examined if an effect of word type and/or of the experimental 

variables (extremity of valence, arousal, imageability, context availability) was evident in 

reading aloud. While lexical decision has been used extensively to examine the effects of 

emotion word type and affective semantic features (e.g., Altarriba & Bauer, 2004; Kousta et 

al., 2009; 2011; Kuperman et al., 2014; Vinson et al., 2014), there has been relatively little 

examination on the effects in production tasks in unimpaired populations. Estes and Aldeman 

(2008) and Larsen et al. (2008) report an effect of valence on reading aloud response times, 

however, neither of these studies examined the role of valence in emotion words specifically. 

Lexical decision and reading aloud utilise (partially) differing underlying lexical processes 

and previous studies have demonstrated differences in effects of semantic variables between 

these tasks. Of particular significance, in the context of the findings of Experiment 1, greater 

effects of imageability have been found for lexical decision than reading aloud (Balota et al., 

2004; Ferrand et al., 2011). It was therefore of interest whether the effect of imageability 

would be maintained in our reading aloud experiment, as well as whether effects of word type 

(emotion vs. non-emotion abstract), valence and arousal or context availability would be 

apparent. 

 

Methods 

Participants 

The participants were the same as in Experiment 1. Participants completed both 

experiments on the same day and the order of Experiment 1 and Experiment 2 was 

counterbalanced between participants.  As in Experiment 1, we examined whether there was 

a significant effect of bilingualism. Bilingualism did not show a significant effect and a 
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significant interaction between bilingualism and the experimental fixed effects was not 

evident. However, in order for participant sets to be consistent with the lexical decision 

experiment, we only included the monolingual data sets in the analysis. In addition, technical 

difficulties resulted in four datasets failing to record, these datasets were therefore absent 

from the analysis. In total, data from 63 participants was included in the analysis (Mean Age 

= 20.62 years, SD = 5.52; 42 Female, 18 Male, 3 Other). 

 

Materials 

The stimuli were the word stimuli used in Experiment 1. 

 

Procedure 

Reading Aloud Task. The reading aloud task was run using PsychoPy software 

(Peirce et al., 2019). Participants were presented with a single word in size 60 white Arial 

font on a black background and instructed to read it aloud as quickly as possible. Words were 

presented in randomised order. Each word stimulus was shown for two seconds. Voice 

recordings were initiated at the beginning of the trial and continued 1 second after the 

stimulus disappeared. Between each trial participants saw a black screen with a centred white 

fixation cross for 0.5 seconds. Voice recordings were collected using PsychoPy software and 

a compression microphone. Participants were instructed to only say the word on the screen 

and avoid use of fillers (e.g., ‘um’). Three practice trials were completed in which 

participants received feedback. Once the experimental trials commenced, participants were 

not provided with feedback on accuracy. 
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Data Preparation. 

Response Time Calculations. Response times were manually encoded using PRAAT 

software (Versions 6.3.01; Boersma & Weenink, 2021). Incorrect responses, including 

responses with beginning with fillers (um, ah), self-corrections, comments or non-verbal 

output (e.g., coughing/sneezing) were excluded from analysis. 

 

Three coders measured the response times: the first author and two research interns. 

The data from 18 participants (28% participant datasets) were first coded by all the coders, 

this resulted in 85% agreement within 10 ms and a Pearson’s correlation of r = 0.97- 0.98 

between each of the coders (the RT measurements of the first author were used for analysis of 

these data sets). At this point, the remaining datasets were divided between the three coders 

and completed independently.  

 

Data Exclusion. Data exclusions followed the same procedure as Experiment 1. A 

total of 26 items were excluded representing 0.004% of the total correct responses across all 

included participants and with no more than 2 items excluded from any single participant’s 

dataset. 

 

Data Transformations. A Box Cox analysis (Box & Cox, 1964) indicated inverse 

transformation was appropriate.  
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Analysis Methods. Analysis followed the same procedure as outlined in Experiment 1 (see 

Table 2, earlier) with two analyses: Analysis 2.1 with the experimental variable of word type 

and Analysis 2.2 with hierarchical addition of experimental variables (Model 1: arousal and 

valence; Model 2: arousal, valence and imageability; Model 3: arousal, valence, imageability 

and context availability; Model 4: with the semantic variables of valence, arousal, 

imageability and context availability as fixed variables. Control variables were as in 

Experiment 1: familiarity, concreteness, presentation order, response time at previous 

(correct) trial and task order. 

 

Results 

Participants had near-ceiling accuracy of 96.4% (SD = 4.11) and therefore as in 

lexical decision, we focused our analysis on response times for correct responses. 

 

Analysis 2.1: Effect of Word Type 

 In the first analysis, we examined whether word type (non-emotion abstract vs. 

emotion words) would significantly impact reading response times. Comparison between 

models with and without by participant random slopes for word type was not significant 

(Inverse transformed data: χ2 (2) = 0.26, p = .880; Untransformed data: χ2 (2) = 3.71, p = 

.156) indicating that there was no significant variance by participant on the word type 

variable. Therefore, the simpler model without by participant random slopes is reported in 

Table 5. Comparison of models with and without word type (but retaining all control 

variables) was significant (Inverse transformed data: χ2 (1) = 5.05, p = .025; Untransformed 

data: χ2 (1) = 4.16, p = .041) indicating that adding word type significantly improved the fit of 

the model. In support of this finding, examination of the fixed effect estimates indicated a 

significant effect of word type on response times and this was evident in modelling using 
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both inverse transformed and untransformed data (see Table 5).  The direction of this effect 

was in line with expectations with mean RTs for emotion words being faster than non-

emotion abstract words (non-emotion: mean = 656ms, SD = 112; emotion: mean = 639ms, 

SD = 109). Of the control variables, there was no significant effect of concreteness or task 

order, but presentation order, response time on the previous trial and familiarity showed 

significant effects in the expected directions, consistent with the lexical decision results in 

Experiment 1.  

 

In Analysis 2.2, we examined whether the effect of word type could be accounted for 

by the effects of any of the semantic variables of interest (imageability, context availability, 

valence and arousal) and whether any of those variables independently influenced reading 

aloud response times. 

 

[Table 5 near here] 

 

Analysis 2.2: Effect of Valence, Arousal, Imageability and Context Availability. 

A hierarchical approach was used, beginning with the simplest model and building to 

the most complex (see Table 1, earlier). All model comparisons were non-significant. As in 

Analysis 2.1, the control variables of presentation order, response time on the previous trial 

and familiarity showed significant effects in the expected directions.  

 

As we wished to investigate the effect of word type found in Analysis 2.1, we 

examined Model 4, which contained all experimental variables including word type (see 

Table 6). Model comparison between this model, and a model without word type (Model 3) 

was not significant, indicating that word type did not significantly influence reading latencies.  
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[Table 6 near here] 

 

Preregistered Exploratory Analyses 

 Planned exploratory analyses were conducted as in Experiment 1, to determine 

whether the outcomes were impacted by multicollinearity between fixed effects, direction of 

valence (negative or positive) or an interaction between valence and frequency or arousal. 

 

Multicollinearity of Fixed Effects. As in lexical decision, Variance Inflation Factors 

(VIFs) in all the models were low (< 1.53) and below the cut-off of 2.5 indicating minimal 

concern for multicollinearity (Allison, 1999) (see Table 6 for VIFs). As in Experiment 1, we 

used concreteness-matched word sets to address potential multicollinearity between 

concreteness and imageability. The results were consistent with those from the main analyses 

using the larger word sets.  

 We also ran models in which the fixed effects included only one experimental 

variable (valence, arousal, imageability or context availability). None of these variables 

showed significant effects in analyses with either inverse transformed or untransformed data, 

supporting the results from the more complex models. 

 

Direction of Valence. Use of directional valence in place of extremity of valence did 

not change the pattern of outcomes. 
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Interaction of Valence with Arousal and Frequency. We also found no significant 

interactions between valence and arousal or frequency using either extremity of valence or 

directional valence measures in the best fitting model (Model 1, experimental variables: 

valence and arousal).  

 

Discussion 

 This experiment aimed to investigate if emotion words are processed differently to 

non-emotion abstract words in reading aloud. We additionally explored the effects of valence, 

arousal, imageability and context availability. This is the first experiment, to our knowledge, 

to directly compare reading of emotion and non-emotion abstract words. 

 

 In contrast to the lexical decision task in Experiment 1, we found a significant effect 

of word type on response times in reading: emotion words were read aloud faster than non-

emotion abstract words. This is consistent with previous research claiming emotion words 

have a processing advantage over other abstract words (e.g., Altarriba & Bauer, 2004). Yet, 

this effect could not be attributed to effects of any of the key semantic variables 

(imageability, context availability, valence, arousal). In Analysis 2.2, none of the model 

comparisons were significant, indicating that none of the variables improved the fit of the 

model. This included when we added word type to the model with the other experimental 

variables.  In the absence of a significant effect of any of the semantic variables (valence, 

arousal, imageability and context availability), that the word type effect was not maintained 

in this analysis is difficult to interpret and may indicate that the word type effect was 

relatively fragile.  
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 That we did not find any significant effects of the semantic variables is in line with 

previous research which suggests that reading aloud response times are more influenced by 

factors relating to lexical form (e.g., initial phoneme, word length) than semantic factors (e.g., 

Balota et al., 2004; Ferrand et al., 2011). However, as any difference in response times for 

emotion and non-emotion abstract words would be expected to be underpinned by semantics, 

the word type effect found in our first analysis is unexpected. This will be discussed in 

greater detail in the General Discussion.  

 

General Discussion 

This study aimed to further shed light on abstract word processing, with a particular 

focus on words that describe emotions. Our experiments built on the existing literature 

regarding emotion word effects in lexical decision and added new data regarding reading 

aloud. We aimed to address whether there was evidence that emotion words were processed 

differently compared to other ‘non-emotion’ abstract words and, if so, whether the underlying 

mechanism of this effect could be attributed to other psycholinguistic properties. For 

example, as reported in the Introduction, Altarriba and Bauer (2004) reported that emotion 

words were better recalled than non-emotion abstract words. They attributed this pattern to 

higher imageability and context availability ratings in emotion words compared to non-

emotion abstract words. However, their word sets were relatively small (N = 30) and were 

only matched on frequency and word length, presenting the possibility that other lexical 

variables (e.g., age of acquisition, familiarity) may have influenced the emotion word effect. 

Similarly, Kousta et al. (2011) suggested that Altarriba and Bauer’s findings may have been 

influenced by the inherent emotional characteristics of emotion words and correspondingly 

strong ratings in valence and arousal. In a previous study, Kousta et al. (2009) had shown that 

valence had a significant effect (and arousal had a marginal effect) on response time in 
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lexical decision across all words with emotional associations. Kousta et al. (2009) included 

robust control of a wide range of variables ((log) frequency, number of letters, concreteness, 

imageability, familiarity, age of acquisition, orthographic neighbourhood density, number of 

morphemes, mean positional bigram frequency). However, they did not specifically examine 

a set of words which label emotions. Consequently, we aimed to explore this area of research 

further by investigating whether emotion and non-emotion abstract words showed differences 

in processing when large word sets closely matched for a large range of psycholinguistic 

variables were used. Specifically, we matched sets for the same variables as Kousta et al. 

(2009) as well as additional variables which may impact on lexical decision and/or reading 

aloud: phonological neighbourhood density (e.g., Yates et al., 2004), Orthographic 

Levenshtein Distance (e.g., Ferrand et al., 2011; Yarkoni et al., 2008), Phonological 

Levenshtein Distance (Ferrand et al., 2011). We also explored whether an effect of 

imageability, context availability, valence and arousal influenced word processing, and if an 

effect of word type was found, whether these variables underpinned this effect.  

 

In lexical decision we found no evidence to support a difference in processing 

between emotion and non-emotion abstract words, while in reading aloud a difference 

between the word types was evident but only in a model that included this as the sole 

experimental variable. Surprisingly, we also found no evidence for effects of valence, arousal 

or context availability on either lexical decision or reading aloud performance. While 

imageability did show a significant effect, it was only in lexical decision. We will first focus 

our discussion on the semantic variables and then turn to the effect of emotion words as a 

subtype of abstract words.  
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Effects of Semantic Variables: Imageability, Context Availability, Arousal and Valence 

Our finding of an effect of imageability in lexical decision and not reading aloud is 

largely in line with previous research.  For example, Balota et al. (2004) showed that 

semantic variables, including imageability, were stronger predictors of latency for lexical 

decision than reading aloud (see also, Cortese & Khanna, 2007; Dymarska et al., 2023; 

Ferrand et al., 2011). Our study adds further evidence to this pattern and shows that the 

pattern is maintained in words which are exclusively abstract and with relatively low 

imageability ratings (mean = 3.42, SD = 0.83). A discussion of the underlying causes of the 

difference between lexical decision and reading aloud, and the implications for how we can 

interpret our findings across the four semantic variables focused on in this study 

(imageability, context availability, valence and arousal), will be presented at the end of this 

section. 

 

 Context availability did not show any significant effects in either experiment, even 

when it was the only experimental variable in the model. We included this variable based on 

the fact that Schwanenflugel et al (1983) argued that concrete words are of higher context 

availability than abstract words and that this contributed to the faster response times for 

concrete words in lexical decision. In addition, Altarriba and Bauer (2004) extended this 

hypothesis arguing that as emotion words are higher in context availability than other abstract 

words, this may contribute to their superior recall in the free recall task. However, while they 

found emotion words have higher context availability ratings than non-emotion abstract 

words, Altarriba and Bauer did not test the effects of context availability on free recall 

experimentally. We do not find any support for an advantage for emotion words in lexical 

decision or reading aloud overall. This this may be due to task effects (see discussion below). 

We also have some concerns regarding the reliability of the measurement of this variable. We 
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took a rigorous approach to ensuring the quality of our ratings by collecting ratings from a 

relatively large sample of participants (N = 49 compared to N = 22 for Schwanenflugel et al., 

and N = ~8/9 for Altarriba & Bauer). Additionally, we excluded participant sets which had 

weak or no correlation to the mean of the other raters (r2 < 0.1), following data trimming 

methods described by Brysbaert et al. (2014). However, when collating the ratings, we noted 

that, compared to other variables (valence, arousal and imageability), more participant sets 

were excluded for context availability (from 49 sets in total: 6 sets for context availability, 2 

for arousal and imageability and 0 for valence).This may suggest that the raters had more 

difficulty understanding how to rate words on this variable and the ratings may not be reliable 

and/or valid.  

 

Of greater theoretical interest was that we found little evidence for effects of either of 

the affective variables, valence and arousal, in the best fitting model on either task. This 

contrasts with our expectations based on the important role that these variables have been 

hypothesised to have in the processing and representation of abstract words (Kousta et al., 

2011; Vigliocco et al, 2014). We will address each of these variables independently.  

 

 Arousal was not a significant predictor of response times in the best fitting model for 

either lexical decision or reading aloud. However, analysis using single experimental variable 

models did indicate that a model with only arousal was a better fit than the base model with 

no experimental variables. Given that evidence for an effect of arousal from the literature has 

been mixed, the weak effect found in our study might not be surprising. For example, while 

Kuperman et al. (2014) showed that low arousal words had faster response times than high 

arousal words in lexical decision, Kever et al. (2019) found the opposite effect. In addition, 

other authors have found a limited effect (e.g., Kousta et al., 2009 - marginal effect; Vinson 
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et al., 2014 - significant effect only when arousal was the sole experimental variable). In sum, 

our study adds to the overall pattern that arousal appears to have minimal and inconsistent 

effects on abstract word processing.  

 

Valence did not show a significant effect on performance on either task, whether as a 

measure of strength of valence (high valence = strongly positively or negatively valenced; 

low valence = neutral valence), or when it was measured as a directional continuous measure 

(low = negatively valenced; mid = neutral valenced; high = positively valenced). As previous 

studies have suggested valence may show an interaction with arousal (Barriga-Paulino et al., 

2022; Citron et al., 2014; Larsen et al., 2008) or with frequency (Barriga-Paulino et al., 2022; 

Kuperman et al., 2014; Scott et al., 2014), we also examined these interactions. However, our 

analysis did not show any evidence that the frequency or arousal characteristics of the stimuli 

influenced the (lack of) effects of valence. 

 

It is clear therefore that our study provides no support for an effect of valence on 

performance for either lexical decision or reading aloud. This contrasts with the position of 

Kousta et al. (2011) and Vigliocco et al. (2014) who, finding a significant effect in lexical 

decision, assign a particularly important role to valence in the processing of abstract words. 

Within an embodied approach to lexical representations, they suggest that for abstract and 

introspective concepts, valence and arousal provide sensorimotor grounding. Vigliocco et al. 

further found a significant interaction between concreteness and valence, demonstrating that 

the strength of valence showed a greater effect on lexical decision response times in low 

concreteness (abstract) words than in high concreteness words. While most research 

examining effects of valence has concentrated on lexical decision (e.g., Kousta et al., 2009; 

2011, Kuperman et al., 2014, Vigliocco et al, 2014, Vinson et al., 2014), Estes and Aldeman 
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(2008) and Larsen et al. (2008) showed an effect of valence in both lexical decision and 

reading aloud, although this was across a wider range of stimuli that were not limited to 

abstract words. Therefore, the lack of an effect of valence in either of our experiments 

contradicts expectations based on the published literature. 

 

In summary, across both experimental tasks, we found limited to no significant effects 

of the semantic variables: imageability, context availability, arousal and valence. While, for 

each variable, there may be independent reasons for the outcomes, the weak effects overall 

may point to issues with assumption that the lexical decision and reading aloud tasks can 

reliably show semantic effects. We chose these tasks as they have been used extensively to 

examine the effects of semantics on word processing in previous studies (e.g., Balota et al., 

2004; Cortese & Khanna, 2007; Yap et al., 2011) and therefore provided a substantial 

research body for comparison with our results. Yet, neither of these tasks require semantics; 

lexical decision hinges on access to the orthographic form and reading aloud requires access 

to the orthographic form and corresponding phonological form (e.g., Coltheart & Rastle, 

1994; Seidenberg & McClelland, 1989). Therefore, to explore why our results showed 

limited effects, we can consider how semantics is thought to influence processing on these 

specific tasks. Hino and Lupker (1996) propose the role of semantics in activation of the 

orthographic form occurs via a feedback system. The authors showed that polysemous words 

had faster response times in lexical decision than words with single meanings. They 

interpreted this effect as showing that there is feedback from the semantic system during 

activation of the word-form resulting in words associated with richer semantic information 

(such as words with multiple meanings) receiving a processing advantage over words 

associated with less semantic information. Focusing specifically on lexical decision, Hino 

and Lupker noted that both high and low frequency words with multiple meanings have a 
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processing advantage in in lexical decision, but that the facilitative effect from rich semantic 

representations is limited to low frequency words in reading aloud (see also Strain et al., 

1995; Strain & Herdman, 1999 for further on the limited effects of semantics on high 

frequency words in reading aloud). This could be a potential explanation for the differences 

in semantic effects in lexical decision and reading aloud that we found for imageability as it 

would predict that imageability effects may be muted in reading aloud compared to lexical 

decision in word sets containing (some) high frequency words as was the case for our stimuli 

(HAL raw frequency range 304 – 165 830). However, this hypothesis is not supported by our 

data given that we did not find a significant interaction between frequency and (the semantic 

factors) valence or arousal in reading aloud.  

 

While feedback from semantics may influence activation of the word-form, we should 

also consider the strength of these effects. Studies comparing predictors of lexical decision 

and reading aloud response times have shown that, while significant, the impact of semantic 

factors appears to be weaker than other factors. For example, Ferrand et al (2011) showed 

weak correlations between lexical decision response time and imageability compared to 

lexical variables (age of acquisition, frequency; for similar findings see also Balota et al, 

2004; Cortese & Khanna, 2007). Therefore, while semantic factors may impact on response 

times in lexical decision and reading aloud, these effects are likely the relatively small and, 

consequently may not reach significance.  

 

Effects of Abstract Word Type: Emotion vs Non-emotion 

We were interested in the emotion word effect reported in the literature, and 

differences in semantic attributes (reflected in effects of semantic variables) as a potential 

mechanism underpinning this proposed processing advantage for emotion words over non-
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emotion abstract words. We first looked at whether this processing advantage was apparent in 

lexical decision and/or reading aloud in a stimulus set where emotion and non-emotion 

abstract words were closely matched for many important variables including concreteness. 

We then tested whether any effect of this variable was robust when the focus semantic 

variables discussed in the above section (valence, arousal, imageability and context 

availability) were additionally controlled. We found no evidence for an effect of word type in 

lexical decision but a significant effect in reading aloud. However, this effect was not 

maintained when the additional semantic variables were added to the model, even though 

none of these variables significantly predicted performance themselves. 

 

The semantic variables of valence, arousal, imageability and context availability were 

selected as points of focus due to their relevance to key accounts of the emotion word effect. 

Altarriba and Bauer (2004) suggested that the emotion word effect stems from higher ratings 

of imageability and context availability in emotion words over non-emotion abstract words, 

while in contrast, Kousta et al. (2011) argued that the observed processing advantage of 

emotion words in Altarriba and Bauer (free recall) resulted from the influence of valence and 

arousal. Kousta et al. (2009; 2011) found that valence influenced lexical decision response 

times for abstract words, and Vinson et al. (2014) additionally demonstrated that lexical 

decision for both emotion and non-emotion words was influenced by valence. As the only 

significant effect of a semantic variable in our main analyses, was of imageability in lexical 

decision, one might have expected that any discernible emotion word effect would also be 

found in lexical decision rather than reading aloud. However, if anything, we found the 

reverse, and neither of the prior mentioned theoretical positions (imageability/context 

availability or valence/arousal) appear to explain the word type effect found in reading aloud. 
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Alternative views have been proposed regarding whether valence and arousal 

underpin the ‘meaning’ of emotion words which could also explain the null effects for these 

two semantic dimensions in our study. Fontaine et al. (2007; 2013; 2022) and Gillioz et al. 

(2016) hypothesised that, in addition to valence and arousal, the dimensions of ‘novelty’ and 

‘dominance’ were needed to fully capture the ‘meaning’ of an emotion word.  A model 

containing all four of these dimensions could therefore provide a more accurate predictor of 

emotion word processing. This is possible, however, Cowen et al. (2019; Cowen & Kelter, 

2017) questioned how reliably arousal and valence map onto emotion words. Cowen et al. 

presented participants with emotional stimuli (non-lexical vocalisations) and asked them to 

assign an emotional ‘category’ and affective ratings (including arousal and valence) to each 

stimulus. While emotional category could explain the majority of the variance in valence and 

arousal ratings, the opposite was not true: arousal and valence ratings did not reliably predict 

emotion category. Consequently, arousal and valence might not be expected to strongly 

predict lexical processing of emotion words, which would be consistent with the null effects 

for these dimensions found in our study. 

 

Returning the role of imageability in distinguishing emotion and non-emotion abstract 

words, it should be noted that although not matched, our word sets were very close in 

imageability (Emotion Set: Mean = 3.63, SD = 0.72; Non-emotion abstract emotion: Mean = 

3.22, SD = 0.89; Bayes Factor10 = 3.53). Therefore, it is possible that this explains why a 

word type difference was not found, even in lexical decision. If this account were true, then it 

would support a role of imageability in distinguishing emotion and non-emotion words, 

however we cannot confirm this with our stimuli. 
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Summary and Conclusions 

In summary, our study showed emotion words did not have a processing advantage 

over other abstract words in lexical decision and the effect in reading aloud was not robust 

when other semantic variables were added to the model. For the semantic variables, our 

finding of an imageability effect in lexical decision but not reading aloud is consistent with 

previous findings. However, the other variables did not show a significant effect on 

performance in either task (with the exception of arousal in a single variable model in lexical 

decision), and there was no observable relationship between the effects of the semantic 

variables and word type (emotion vs. non-emotion abstract).  Our findings could perhaps also 

illustrate the possible limitations of lexical decision and reading aloud tasks as a means of 

testing the influence of semantic factors in lexical processing: the influence of semantic 

factors on these tasks may be too small to be reliably observed. Future studies may therefore 

consider effects in other tasks which have a greater requirement for access to semantic 

information such as semantic decision, synonym judgments or speeded categorisation. In 

addition, examining processing of emotion words and the effects of valence and arousal in 

people with aphasia may be fruitful.  Previous studies have shown that people with aphasia 

may have specific difficulties with abstract word processing (e.g., Sandberg & Kiran, 2014) 

and therefore larger effects of factors relating to abstract words may be evident with this 

population.   
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Table 1 

Word Set Matching 
  Independent Samples T-Test (df = 102) Bayesian Independent Samples T-Test 

  t df p   BF₁₀ error % 

Arousal -3.235 102 .002  19.237 2.488e-6 
Valence -10.041 102 < .001  6.139e +13 4.201e -17 
Imageability -2.543 102 .012  3.529 7.819e -6 
Context availability 0.038 102 .969  0.207 0.022 
Age of acquisition 0.927 102 .356  0.304 0.031 
Concreteness 4.285 102 < .001  480.111 8.367e -6 
Familiarity -1.124 102 .264  0.364 0.033 
Log freq Subtlex 0.852 102 .396  0.286 0.030 
Log freq HAL 0.165 102 .869  0.21 0.022 
No. syllables 0.640 102 .524  0.249 0.027 
No. letters -0.760 102 .449  0.268 0.029 
No. phonemes -0.364 102 .716  0.220 0.024 
No. morphemes -0.271 102 .787  0.214 0.023 
OLD -0.897 102 .372  0.297 0.031 
PLD -0.452 102 .652  0.227 0.025 
Orthographic N -0.986 102 .326  0.320 0.032 
Phonological N -0.804 102 .423  0.276 0.029 
Mean bigram freq 0.640 102 .524   0.249 0.027 
Notes: Log freq Subtlex = Log spoken frequency from the Subtlex database; Log freq HAL = Log written frequency from the HAL 
database; OLD = Orthographic Levenshtein Distance; PLD = Phonological Levenshtein Distance; Orthographic N = Orthographic 
neighbourhood; Phonological N = Phonological neighbourhood; Mean bigram freq = Mean bigram frequency; t = t-value, df = degrees of 
freedom; p = p-value; BF10 = Bayes Factor. Norms for concreteness, log frequency (HAL), log frequency (Subtlex), orthographic 
Levenshtein distance, phonological Levenshtein distance, orthographic neighbourhood, phonological neighbourhood, number of letters, 
number of morphemes, number of syllables and number of phonemes are from the English Lexicon Project (Balota et al., 2007). Familiarity 
norms from Scott et al., (2019). 

  

Commented [LN1]: I think it would be good to have the 
mean and SD for each variable for each set here too. 
You can delete the df column 
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Table 2 

Linear Mixed Effects Models for Experiments 1 and 2 
  Analysis 1.1 (RQ1.1) Analysis 1.2 (RQ1.2) 

Sampling Units 6212 observations; 104 items (52 non-emotion abstract words; 52 
emotion words); 67 participants  As in Analysis 1.1 

Dependent Variable Response time for correct responses (both transformed or 
untransformed)  As in Analysis 1.1 

Experimental Variables Word type 

*Inclusion in the following order: 
1.Valence & Arousal 
2. Imageability 
3. Context availability 
4. Word type 

Control Variables **Familiarity, concreteness, response time at previous correct trial, 
presentation order, task order As in Analysis 1.1 

Random Effects Random intercepts for item and participant Random intercepts for item and participant. 

Model Comparisons (LRT) Comparison with a model with by-participant random slopes for 
word type 

Model 1 vs Model 2 (inclusion of imageability) 

Model 2 vs. Model 3 (inclusion of context availability) 

Model 3 vs. Model 4 (inclusion of word type)  
Notes. LRT = Likelihood Ratio Tests. *The control variables of task order and familiarity, were omitted from the preregistration document in error and Model 2 was 
erroneously described as adding word category rather than imageability. **Age of acquisition was removed as it was matched between the word sets. 
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Table 3 

Linear Mixed Effect model output examining the effects of word type (emotion vs non-emotion abstract words) on lexical decision response times for transformed and 
untransformed data for Analysis 1.1 

  Log Transformed Data Analysis   Untransformed Data Analysis 

Fixed Effects              

 Estimates SE CI t p VIF  Estimates SE CI t p VIF 

Intercept 6.39 0.02 6.35 – 6.43 311.65 <.001   615.69 13.65 588.94 – 642.44 45.12 <.001  

Experimental Variable 
            

Word Type 3.11e-04 0.01 -0.01 – 0.01 0.06 .953 1.195  0.49 3.97 -7.30 – 8.28 0.12 .902 1.170 

Control Variables 
             

Familiarity -0.04 5.00e-03 -0.05 – -0.03 -7.81 -0.04 1.014  -26.95 3.54 -33.88 – -20.02 -7.62 -26.95 1.012 
Concreteness -0.01 0.01 -0.03 – 0.01 -0.66 -0.01 1.180  -3.68 7.96 -19.28 – 11.92 -0.46 -3.68 1.157 
Pres Order -4.52e-03 9.66e-04 -0.01 – -0.00 -4.68 -4.52e-03 1.008  -2.75 0.71 -4.13 – -1.36 -3.88 -2.75 1.008 
RT Previous Trial 0.03 2.14e-03 0.03 – 0.04 14.63 0.03 1.008  21.01 1.57 17.93 – 24.08 13.39 21.01 1.008 
Task Order 0.01 0.02 -0.02 – 0.05 0.65 0.01 1.000   5.03 12.26 -19.00 – 29.06 0.41 5.03 1.000 

Random Effects              

σ2 0.03       15440.92      

τ00 item 0.002       962.99      

τ00 participant 0.02       9896.17      
τ11 participant.1.word 
set 

       
115.12 

     

ρ01 participant.1  
      -0.06      

ICC 0.46             0.42           

Function Log(RT) ~ Word Type + Familiarity + Concreteness + Pres Order + RT 
Previous Trial +   Task Order + (1 | Item) + (1 | Participant) 

 RT ~ Word Type + Familiarity + Concreteness + Pres Order + RT Previous 
Trial +   Task Order + (1 | Item) + (1 + Word Type | Participant) 

Sampling Units 6212 observations; 104 items; 67 participants       6212 observations; 104 items; 67 participants     
Notes. RT = Response Time. Pres Order = Presentation Order; RT Previous Trial = Response time of previous trial, SE = Standard Error; CI = Confidence interval; VIF = 
Variance Inflation Factor, σ2 = residual variance, τ00 item= random variance, τ11 = random slope variance, ρ01 = random intercept/slope correlation, ICC = intraclass 
correlation coefficient 
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Table 4 

Linear Mixed Effect model output for Analysis 1.2, Model 2 examining the effects of arousal, valence, imageability on lexical decision response times.  
Fixed Effects Log Transformed Data Analysis  Untransformed Data Analysis 

 Estimate SE CI t-value p-value VIF  Estimate SE CI t-value p-value VIF 
Intercept 6.38 0.02 6.34 – 6.43 304.46 <.001   610.56 14.00 583.12 – 637.99 43.62 <.001  

Experimental Variables              

Arousal -7.120e-03 0.01 -0.02 – 0.00 -1.19 .233 1.699  -4.17 4.23 -12.45 – 4.12 -0.99 .324 1.702 
Valence -3.468e-04 2.00e-03 -0.004 -  0.004 -0.17 .863 1.389  -0.49 1.42 -3.28 – 2.30 -0.34 .733 1.392 
Imageability -0.02 0.01 -0.05 – -0.00 -2.34 .019 1.552  -19.37 7.51 -34.09 – -4.64 -2.58 .010 1.553 

Control Variables              

Familiarity -0.03 0.01 -0.04 – -0.02 -5.69 <.001 1.284  -20.93 3.81 -28.40 – -13.45 -5.49 <.001 1.283 
Concreteness 1.119e-03 0.01 -0.02 – 0.02 0.10 .918 1.206  2.96 7.71 -12.16 – 18.07 0.38 .701 1.207 
Pres Order -4.53e-03 9.66e-04 -0.01 – -0.00 -4.69 <.001 1.008  -2.76 0.71 -4.15 – -1.37 -3.89 <.001 1.008 
RT Previous Trial 0.03 2.14e-03 0.03 – 0.04 14.63 <.001 1.008  20.98 1.57 17.91 – 24.06 13.36 <.001 1.008 
Task Order 0.01 0.02 -0.02 – 0.05 0.65 .518 1.000  5.1 12.28 -18.96 – 29.17 0.42 .678 1.000 

Random Effects                           

σ2 0.03       15556.39      

τ00 item 0.002       860.59      

τ00 participant 0.02       9912.03      

ICC 0.46       0.41      

Function Log(RT) ~ Arousal + Valence + Imageability + Familiarity + Concreteness + 
Pres Order + RT Previous Trial + Task Order + (1 | Item) + (1 | Participant) 

 
RT ~ Arousal + Valence + Imageability + Familiarity + Concreteness + 
Pres Order + RT Previous Trial + Task Order + (1 | Item) + (1 | 
Participant) 

Sampling Units 6212 observations; 104 items; 67 participants       6212 observations; 104 items; 67 participants     
Notes. RT = Response Time. Pres Order = Presentation Order; RT Previous Trial = Response time of previous trial, SE = Standard Error; CI = Confidence interval; VIF = 
Variance Inflation Factor, σ2 = residual variance, τ00 item= random variance, ICC = intraclass correlation coefficient 
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Table 5 

Linear Mixed Effect model output for Analysis 2.1 examining the effects of word type (emotion vs non-emotion abstract words) on reading aloud response times.   
 Inverse Transformed Data Analysis   Untransformed Data Analysis 
Fixed Effects              

 Estimate SE CI t-value p-value VIF  Estimate SE CI t-value p-value VIF 
Intercept 1.59e-03 2.62e-05 1.54e-03  - 1.64e-03 60.81 <.001   645.04 11.17 623.14 – 666.95 57.73 <.001  

Experimental Variable 
           

Word Type 1.67e-05 7.46e-06 2.18e-06 - 3.13e-05 2.24 .025 1.195  -6.49 3.20 -12.75 – -0.22 -2.03 .042 1.195 

Control Variables 
             

Familiarity 4.56e-05 7.03e-06 3.19e-05 - 5.93e-05 6.49 <.001 1.013  -19.56 3.01 -25.46 – -13.66 -6.50 <.001 1.013 
Concreteness 1.08e-05 1.58e-05 -2.00e-05 - 4.17e-05 0.68 .494 1.181  -3.89 6.78 -17.18 – 9.40 -0.57 .566 1.181 
Pres Order 4.93e-06 1.97e-06 1.06e-06 – 8.80e-06 2.50 .013 1.001  -0.89 0.89 -2.63 – 0.85 -1.00 .318 1.001 
RT Previous Trial -3.47e-05 1.96e-06 -3.85e-05 - -3.08e-05 -17.71 <.001 1.001  14.71 0.88 12.99  – 16.43 16.73 <.001 1.001 
Task Order -3.50e-06 2.32e-05 -4.89e-05 - 4.20e-05 -0.15 .880 1.000   2.12 9.89 -17.26 – 21.50 0.21 .830 1.000 
Random Effects              

σ2  2.29e-08      4625.3      

τ00 item  4.46e-09      809.77      

τ00 participant  3.36e-08      6110.09      

ICC  0.62      0.60      

Function 1/RT ~ Word Type + Familiarity + Concreteness + Pres Order + RT 
Previous Trial + Task Order + (1 | Item) + (1 | Participant)   RT ~ Word Type + Familiarity + Concreteness + Pres Order + RT Previous 

Trial +   Task Order + (1 | Item) + (1 | Participant) 

Sampling Units 6101 observations; 104 items;  63 participants       6101 observations; 104 items;  63 participants     
Notes. RT = Response Time. Pres Order = Presentation Order; RT Previous Trial = Response time of previous trial, SE = Standard Error; CI = Confidence interval ; VIF = 
Variance Inflation Factor, σ2 = residual variance, τ00 item= random variance, ICC = intraclass correlation coefficient 
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Table 6 

Linear Mixed Effect model output for Analysis 1.2, Model 4 examining the effects of word type (emotion/non-emotion abstract), arousal, valence, imageability, context 

availability on reading aloud response times.  

  Inverse Transformed Data Analysis   Untransformed Data Analysis 
Fixed Effects               Estimate SE CI t-value p-value VIF  Estimate SE CI t-value p-value VIF 
Intercept 1.60e-03 2.75e-05 1.54e-03 - 1.65e-03 58.13 <.001   643.97 11.71 621.02 – 666.93 54.98 <.001  

Experimental Variables 
           

Arousal 2.27e-06 1.01e-05 -1.69e-05 - 2.15e-05 0.22 .822 2.146  -1.36 4.3 -9.79 – 7.07 -0.32 .752 2.145 
Valence -9.02e-07 3.53e-06 -7.64e-06 - 5.84e-06 -0.26 .799 1.830  0.32 1.51 -2.64 – 3.28 0.21 .832 1.830 
Imageability 6.38e-06 1.68e-05 -2.56e-05 - 3.84e-05 0.38 .704 1.728  -3.13 7.17 -17.18 – 10.92 -0.44 .662 1.727 
Context Av -3.10e-06 7.27e-06 -1.70e-05 - 1.08e-05 -0.43 .671 1.098  1.6 3.11 -4.50 – 7.69 0.51 .608 1.098 
Word Type 1.38e-05 9.68e-06 -4.68e-06 - 3.23e-05 1.43 .157 1.936  -5.07 4.14 -13.19 – 3.05 -1.22 .221 1.936 

Control Variables 
             

Familiarity 4.47e-05 8.18e-06 2.91e-05 - 6.03e-05 5.47 <.001 1.322  -19.00 3.5 -25.86 – -12.14 -5.43 -19 1.322 
Concreteness 5.90e-06 1.89e-05 -3.02e-05 - 4.20e-05 0.31 .756 1.620  -1.51 8.08 -17.35 – 14.34 -0.19 -1.51 1.620 
Pres Order 4.92e-06 1.97e-06 1.05e-06 – 8.79e-06 2.49 .013 1.001  -0.88 0.89 -2.62 – 0.86 -0.99 -0.88 1.001 
RT Previous Trial -3.47e-05 1.96e-06 -3.85e-05 - -3.08e-05 -17.71 <.001 1.001  14.71 0.88 12.98 – 16.43 16.72 14.71 1.001 
Task Order -3.50e-06 2.32e-05 -4.89e-05 - 4.20e-05 -0.15 .881 1.000   2.12 9.89 -17.26 – 21.50 0.21 2.12 1.000 
Random Effects              

σ2 2.29e-08       4625.27      
τ00 item 4.64e-09       842.19      
τ00 participant 3.36e-08       6110.19      
ICC 0.63       0.60           

Function 
1/RT ~ Word Type + Arousal + Valence + Context Av. +Imageability + 
Familiarity + Concreteness + Pres Order + RT Previous Trial + Task Order + 
(1 | Item) + (1 | Participant) 

  
RT ~ Word Type + Arousal + Valence + Context Av. +Imageability + 
Familiarity + Concreteness + Pres Order + RT Previous Trial + Task Order + (1 
| Item) + (1 | Participant) 

Sampling Units 6101 observations; 104 items; 63 participants       6101 observations; 104 items; 63 participants     
Notes. RT = Response Time. Pres Order = Presentation Order; RT Previous Trial = Response time of previous trial, SE = Standard Error; CI = Confidence interval ; VIF = 
Variance Inflation Factor, σ2 = residual variance, τ00 item= random variance, ICC = intraclass correlation coefficient. 


