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Abstract
Semantic dimensions such as context availability, imageability and valence, form core components of many theoretical accounts of lexical processing. Typically, normative data for such semantic dimensions are drawn from subjective ratings, however, questions have been raised regarding the reliability and validity of these ratings. In this paper, we discuss this issue with a focus on context availability norms. Using data collected for a related study, we show that context availability ratings required significantly higher rates of data exclusions at the level of both participants and items compared to other variables. In addition, high standard deviations at the item level, indicated a substantial degree of disagreement between participants. This suggested that some participants may have had difficulty understanding the concept of context availability which hindered their ability to complete the ratings. We provide recommendations for future research focusing on context availability and for norm collection procedures more broadly in order that the validity of such norms can be improved. In particular,  we suggest that clear guidelines are required for data cleaning in order that the reliability of such norms is maximised and to facilitate replication across studies. 
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Introduction
The range of semantic dimensions which are believed to impact on lexical processing is vast and seemingly ever-increasing (for description see Goh et al., 2016; Nickels et al. 2022). Data regarding semantic dimensions has informed many theoretical accounts of lexical processing, including semantic richness theory (e.g., Pexman et al., 2003; 2007; 2008), dual coding theory (Paivio et al., 1968; Paivio, 1971), context availability theory (Schwanenflugel et al, 1988; Schwanenflugel & Stowe, 1989), and embodied semantics (e.g., Fernandino et al., 2016; Kousta et al., 2011; Siakaluk et al., 2008a; 2008b). 

While word-form characteristics (e.g., frequency, length) may be measured quantitatively, variables indexing semantic dimensions frequently rely on subjective ratings, resulting in methodological challenges: Ratings are constrained by access to sufficient raters (particularly if they need to come from a specific population, e.g., monolingual older adults) and by the number of items which can be realistically rated by an individual. Consequently, many databases with ratings for semantic variables have relatively few raters per item or few items in total. In addition, it must be assumed that raters understand the concept that they are rating (e.g., imageability) and are able to readily access the information required to make that rating.  (e.g., an idea of how easily they can image a stimulus). If raters are not able to accurately rate words in the manner intended by the researchers or if there is a large degree of variability in the ratings within and/or between participants, this calls into question the validity of the ratings.

The validity of two commonly studied semantic dimensions, concreteness and imageability, has been discussed in the literature (e.g., Connell & Lynott, 2012; Dymarska et al., 2023; Pollock, 2018). Pollock (2018) raised concerns regarding the large standard deviations of these ratings, which suggests substantial disagreement between participants, with this suggesting that group means may not accurately capture a word’s “true” rating.. For example, if, on a scale from 1-7, a word has a concreteness rating of four, but a standard deviation of two, some raters must have considered the word to be concrete while others considered it abstract. Pollock, therefore, recommended excluding high standard deviations items from study stimuli. While high variance in ratings can suggest substantial disagreement between participants, standard deviations (and means) may also be skewed by outlier data. Consequently, Pollock’s concerns would also highlight the importance of identifying and removing outlying datasets (participants) and data points.

Pollock (2018) also questioned whether raters were using the same information when forming concreteness ratings and this echoes similar concerns regarding the face validity of imageability norms (e.g., Connell & Lynott, 2012; Dymarska et al., 2023). Imageability ratings are intended to represent the ease with which a person can generate multimodal imagery in relation to a word (Paivio et al., 1968). Yet, raters are argued to rarely draw on the range of imagery types when rating but instead focus on visual imagery (Connell & Lynott, 2012; Dymarska et al., 2023). Further, Dymarska et al. showed that imageability ratings varied significantly between norm samples and that this could not be accounted for by cultural factors nor by differences in stimuli, but rather pointed to inconsistency between the raters. 

The aim of this paper is to further examine the issue of rating reliability and validity for semantic variables, with a focus on “context availability”. This was prompted by our experience when investigating processing of emotion words. Altarriba and Bauer (2004) suggested that processing of emotion words had an advantage over non-emotion abstract words that may be explained via the same mechanisms as the advantage for concrete words over abstract words. That is, that like concrete words, emotion words are high in imageability (Dual-Coding Theory; Paivio 1971, Paivio et al., 1968) and context availability (Context Availability Theory; Schwanenflugel et al., 1988) when compared to non-emotion abstract words.  In our study (Mason et al., 2024areference redacted), we explored Altarriba  Altarriba and Bauer’s (2004) theory that emotion words have an advantage over non-emotion words due to their high context availability and imageability ratings, as well as Kousta et al.’s (2011) alternative position that this advantage is driven by the “affective variables” of valence and arousal.  For this purpose, we collected norms for each of the four variables (context availability, imageability, valence and arousal) on a large set of emotion and non-emotion abstract words and analysed their effects in lexical decision and reading aloud. We found a significant effect of imageability, but not context availability on lexical decision response times. This was unexpected given Altarriba and Bauer’s previous findings that both variables had an effect on abstract/emotion word processing and that previous studies have shown imageability and context availability to be strongly correlated (e.g., Taylor et al., 2022).  This led us to examine whether there were any issues with the context availability ratings which may have contributed to the null effect. 

Schwanenflugel et al. (1988) introduced the concept of context availability observing that concrete words were more easily related to a context (i.e., “high” in context availability) providing them with strong contextual support. In contrast, abstract words were considered more difficult to link to a specific context with their meaning more likely to vary across contexts. Schwanenflugel et al. proposed that the greater reliance on context for meaning, relative to concrete words, hindered the processing of abstract words when encountered out of context. They demonstrated that when matched for context availability, concrete and abstract words did not show a difference in lexical decision response times. In a later study, Schwanenflugel and Stowe (1989) presented concrete and abstract words in sentences, and found that when supported by a meaningful context, abstract words were recognised as quickly as concrete words. 

In this paper, we will explore our context availability norms compared to the norms for other semantic variables (imageability, valence and arousal). By doing so we aim to gain insights into both the validity of context availability norms and the norming process more broadly.

Present Study
Participants
Ninety-seven undergraduate psychology students undertook ratings for course credit. Participants were native English speakers (73 female, 24 male; mean age = 19.3 years). Each participant completed ratings for 156 words (52 emotion words, 52 non-emotion abstract words, 52 (control) concrete words) on two variables: either valence and arousal (49 participants); or context availability and imageability (48 participants). See Supplementary Materials for stimuli details.Here we focus on the ratings of context availability. There were no incomplete data sets.

Procedure
	Following instructions Based on Schwanenflugel et al. (1988), Pparticipants were asked to rate context availability of items on a 1-7 scale based on how easy they were to put in a context. Instructions for the ratings were based on Schwanenflugel et al. (1988) with minor edits (see Supplementary Materials). The surveys were completed online using the Qualtrics platform (https://www.qualtrics.com). 

Analysis and Results
Dataset Exclusions.
Data Cleaning. who appeared to not make a genuine attempt at the task Problematic participant data were identified through three steps: examining rating diversity, completion time, and the correlation with other raters. Previous studies (e.g., Brysbaert et al., 2014; Rice et al., 2019) excluded data for lacking diversity but didn’t specify benchmarks. We set a defined criterion, excluding data where 90% or more of responses were identical. Participant data were also excluded if the survey was completed in under five minutes. We estimated two minutes for reading instructions and a minimum of three minutes for the task (1125 ms per item). were identified by a lack of diversity in their ratings and the time taken to complete the survey. Participants datasets were removed when over 90% of responses were a single point on the scale (e.g., 90% of responses were ‘7’) or when the survey was completed in under five minutes. We estimated it would take participants approximately 2 minutes to read the instructions, and a survey completed in the remaining 3 minutes would reflect an average of 1125ms per item (including practice items) compared to the median response time per item of 3280ms. Consequently, 5 context availability datasets data from five participants were removed. We then removed datasets where responses differed substantially from the group, followeding the protocol from Warriner et al. (2013, see also Brysbaert et al., 2014) whereby tThe correlation of each participant’s ratings with the mean of the other participants’ responses (minus that participant) was calculated and participants with a correlation coefficient less than 0.1 were excluded. This resulted in exclusion of an additional six datasets.context availability rating data from an additional six participants. 

The total of 11 datasets excluded from context availability, compared with two from imageability and three each from valence and arousal. The number of datasets participants excluded from context availability (See Table 1) was significantly greater than the other variables (Fisher’s Exact Test, two-tailed, context availability cf. imageability: p = .014; valence p = .022; arousal p = .022), while the number of exclusions from imageability, valence and arousal did not significantly differ from one another (all p’s >.05).



	Following these steps, singleSingle Rating Exclusions.
A single item ratings wereas removed if theyit wereas more than two standard deviations outside the mean for that item ((following the exclusion of problematic datasets as described above). In total, 2.65% of ratings were excluded from the context availability ratings, 3.62% from imageability, 3.85% from valence and 2.62% from arousal. See Table 1).


[Table 1 near here]

Following all data exclusionsdata cleaning, in total, each item had between 33-46 ratings each. Despite the high number of exclusions, Ccontext availability means before and after the exclusions were strongly correlated r2 = .96, however item means were more widely distributed (see Figure 1).

[Figure 1 near here]
Figure 1
Distribution of context availability ratings with and without data exclusions
[image: A graph of a normal distribution

Description automatically generated]

Standard Deviations of Ratings. SNevertheless, standard deviations of individual item context availability ratings remained large after data exclusions. O, with only seven items of the 156 meeting Pollock’s (2018) recommendation that standard deviations should be < 1. All seven of these items were concrete meaning that all abstract stimuli (emotion and non-emotion abstract words) had a high level of variability. However, we note that the ratings on the other semantic variables also showed concerningly high standard deviations , with only valence having most items with a standard deviation < 1 (see Table 1; Figure 2). 









Figure 2
Mean ratings and standard deviations for context availability, imageability, arousal and valence
[image: A group of graphs showing the results of a product

Description automatically generated with medium confidence]
Note. All ratings were based on a 1-7 scale. Standard deviation of 1 is marked on the figure, corresponding with the SD that Pollock (2018) suggests norm ratings should stay below. [Figure 2 near here]

Discussion
In this paper, we explored context availability ratings in detail, motivated by unexpected patterns for context availability in our lexical decision and reading aloud experiments (Mason et al. 2024aredacted reference). There were two points of particular concern regarding the ratings, especially given that the instructions used in this experiment were consistent with those used previously in the literature (Schwanenflugel et al., 1988).. First, there was a high rate of data exclusions when compared to other ratings collected for our experiment using the same participants (imageability) or participant population (valence, arousal). In addition, the context availability ratings had high standard deviations suggesting a large degree of disagreement between raters. 

We excluded a participant’s dataset when the survey was completed faster than feasible (<5 minutes), there was a uniformity in ratings, or the ratings were very weakly correlated with the rest of the raters. This resulted in exclusion of context availability data from 22.9% participantsof context availability datasets, significantly more than for the other variables.  (imageability: 4.2%; valence: 6.1%; arousal: 6.1%). Rice et al. (2019) also reported a high rate of data exclusions for context availability (28.6% of datasets) and Taylor et al. (2022) excluded data from 11.4% of their participants. This suggests that our exclusions were not due to a unique aspect of our methodology. However, it is difficult to directly compare exclusions across studies due to varying methods of data exclusions. For example, Rice et al. excluded participants who did not use the full scale, repeated the survey and/or did not meet participant inclusion criteria, while Taylor et al., excluded based on the number of control nonwords rated.  

Nevertheless, despite relatively strict exclusion criteria, there were concerns regarding the validity of our context availability ratings, informed by the high levels of variance in the retained ratings: only 4% of items had standard deviations <1 in the rating of that item across participants. Moreover, all of these items were concrete. . As discussed earlier, Pollock (2018) suggested that high standard deviation items should be avoided when selecting experimental stimuli, however, none context availability values of the 104 non-emotion and emotion abstract words in our sample would have passed this criterion. An alternative approach was proposed by Strik-Lievers et al. (2021; see also Winter, 2023): rather than removing items with high standard deviations, instead standard deviations could be integrated into the analysis by using a weighted regression. Using this method, more weight could be given to items with greater agreement between the raters (i.e., low standard deviations) and less weight to items with high level of disagreement (i.e., high standard deviations). This method provides a means of retaining high standard deviation items, however, it is only suited to stimuli where there is high agreement between raters on some items. For our context availability ratings, nearly all items had a high level of disagreement between participants, and so this approach would not address the concerns regarding the validity of the ratings.

Taken together, the high number of participant exclusions and the large standard deviations point to issues with regards to the validity of context availability ratings. In particular, it and may suggest that the raters had may have difficulty understanding the instructions or difficulty accessing the information required to make the ratings. Westbury et al. (2013, p.2) suggest that one problem with context availability may be that context is “a slippery word” that is open to interpretation. Consequently, raters may be using different conceptualisations of context when forming their ratings. Further, unlike ratings for imageability, arousal and valence where the rater can rely on their immediate impressions, rating context availability requires them to reflect on their everyday encounters with the word, demanding greater metacognitive skills. It may also be relevant that in this study, the same participants completed both context availability and imageability ratings, and it is not known if completing context availability ratings in isolation or paired with a different variable would result in different outcomes. IIn a related study (Mason et al, 2024b),reference redacted) we surveyed a different group of participants using the same materials and methodology as this current study, however each participant completed all four ratings (context availability, imageability, valence and arousal). In this study, but the researcher was available in the same room to answer questions: While few participants queried the imageability, valence or arousal rating instructions, nearly all participants asked for clarification of context availability.

 	In sum, our findings point to concerns regarding the validity of context availability ratings. This is of significant concern for studies wishing to measure this semantic dimension to test hypotheses that context availability is a key concept influencing lexical processing and i. It suggests that perhaps, future research should consider quantitative measures to capture this dimension, such as using contextual diversity (the number of different context a word is found in) as high context availability items tend to be associated with fewer contexts)..

In addition to insights into the validity context availability ratings, our investigation adds to the discussion with regards to the validity of subjective ratings in general. It is of particular concern that ratings are often used with no attempt to exclude participants, items or data points which could compromise the validity of the norms (e.g., Altarriba et al., 1999; Schwanenflugel et al., 1988). Where data exclusion methods are reported they are variable, and we suggest that a set of best practice methods of collecting and preparing data from normative ratings are needed. First, sufficiently large samples of raters are required to take into account the possibility of heavy data loss for some measures, such as context availability. Second, rigorous steps should be taken to ensure that participants understand how to complete the ratings. This may, includinge piloting materials to obtain feedback on instruction clarity, and fproviding feedback provided on a relatively large sample of practice items. Third, participants should be excluded who are unlikely to be performing the task as required, as indicated by a lack of variability in ratings across items, very fast completion and/or a lack of correlation with other participants., Finally, researchers should consider variability at an item level: Mean values taken from items with large standard deviations may have limited usefulness and researchers should attempt where possible to address this in their analysis and/or interpretation of study outcomes. We believe that taking these factors in consideration should improve the quality and validity of normative ratings, thereby increasing their usefulness as a research tool and likely resulting in increased replicability of results.
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Table 1
Data excluded in data cleaning process and percent items with a SD greater than 1.
	
	Number of Participants
	Number (%) of Participants Excluded
	 % Single Data Points Excluded (N=)
	% Words SD >1 (N=156)

	Context Availability
	48
	11 (22.9%)
	2.7%
	95.5%

	Imageability
	48
	2 (4.2%)
	3.6%
	73.1%

	Arousal
	49
	3 (6.1%)
	3.9%
	94.2%

	Valence
	49
	3 (6.1%)
	2.6%
	40.4%





Figure 1
Distribution of context availability ratings with and without data exclusions
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Figure 2
Mean ratings and standard deviations for context availability, imageability, arousal and valence
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Description automatically generated with medium confidence]
Note. All ratings were based on a 1-7 scale. Standard deviation of 1 is marked on the figure, corresponding with the SD that Pollock (2018) suggests norm ratings should stay below. 
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