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Abstract
Contemporary theories of semantic representation posit that social experience is an important
source of information for deriving meaning. However, there is a lack of behavioural evidence in
support of this proposal. The aim of the present work was to test whether words’ degree of social
relevance, or socialness, influences lexical-semantic processing. In Study 1, across a series of item-
level regression analyses, we found (1) that socialness can facilitate responses in lexical, semantic
and memory tasks, and (2) limited evidence for an interaction of socialness with concreteness. In
Studies 2-3, we tested the pre-registered hypothesis that social words, compared to non-social
words, will be associated with faster and more accurate responses during a syntactic classification
task. We found that socialness has a facilitatory effect on noun decisions (Study 3), but not verb
decisions (Study 2). Overall, our results suggest that the socialness of a word affects lexical-
semantic processing but also that this is task-dependent. These findings constitute novel evidence
in support of proposals that social information is an important dimension of semantic

representation.
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A central claim of embodied theories of semantic representation is that sensory and motor
features are the primary building blocks of concepts (Meteyard et al., 2012). According to this
view, perceptual and motor brain systems are necessary for the processing of concepts, even in
the absence of direct sensory-motor stimulation by an exemplar (Barsalou et al., 2003; Glenberg,
2015; Martin, 2016). A key challenge for these theories is to account for the representation of
abstract concepts, like confused and democracy, whose referents cannot be directly experienced
through the senses (Barsalou, 2016; Dove et al., 2022; Mahon & Caramazza, 2008; Meteyard et
al., 2012). Therefore, multiple representation theories have proposed that the cognitive systems
underpinning emotion, introspection, and language, additionally contribute to the representation
of concepts, particularly those that are more abstract (Borghi et al., 2019; Borghi & Binkofski,
2014; Dove et al., 2022; Reilly et al., 2016; Vigliocco et al., 2009). As such, a key tenet of these
theories is that all concepts are multidimensional and the contributing dimensions vary
systematically depending on concept type (e.g., abstract vs concrete).

Some of these accounts have suggested that social experience provides a key source of
semantic information. For example, according to the Situated Action Cycle theory, language
understanding, as well as conceptual knowledge, and cognition more broadly, emerges from an
interaction between the perceptual modalities and the body situated in physical and social
environments (Barsalou, 2020). The Words as Social Tools theory proposes that social
experience interacts with linguistic experience to facilitate the acquisition of abstract concepts
(Borghi et al., 2019; Borghi & Binkofski, 2014). However, these accounts have yet to provide a
clear characterization of the nature of this social information. Consequently, there is limited
empirical evidence to support these claims (for a review and in-depth discussion, see Pexman et

al., 2023). Given the lack of consensus on the defining features of social words (for a discussion,
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see Pexman et al., 2023), Diveica et al. (2023) recently collected and validated socialness norms
for a large sample of English words using a broad and inclusive definition that can encompass a
wide range of social experiences. Specifically, they asked participants to rate the degree to which
a word’s referent has social relevance by referring to a social characteristic of a person or group
of people (e.g., trustworthy), a social behaviour (e.g., fight), a social role (e.g., teacher), a social
space (e.g., pub), a social institution or system (e.g., nation), a social value or ideology (e.g.,
feminism), or any other socially relevant construct. This broad and open-ended definition
allowed the raters to decide what information is socially relevant, at the expense of clarity on
what specific aspects of social experience have driven their judgements. Moreover, this
definition can be readily applied to different parts of speech, like verbs referring to social
behaviours as well as nouns referring to people, and socially relevant places and entities. The
availability of these norms provides the opportunity to directly study the contribution made by
socialness, as a broad construct, to lexical-semantic processing.

If social information contributes to conceptual representations, then socialness should be
related to behavioural indices of lexical-semantic processing in a similar vein as other
established dimensions of word meaning, like concreteness and valence (e.g., Pexman & Yap,
2018; Yap & Seow, 2014). Yet, the relationship between socialness and behaviour has not been
systematically explored. Preliminary analyses of the novel socialness ratings have shown that
words’ degree of social relevance is related to reaction times (RTs) and accuracy scores in a
lexical task (Diveica et al., 2023). The facilitatory nature of this association suggests that
socialness might make semantic representations richer, by, for example, providing them with
additional features or thematic associations, and thereby enabling more efficient word processing

(for a review on semantic richness effects, see Pexman, 2012). Notably, socialness accounted for
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unique variance in behaviour that could not be explained by basic lexical properties (e.g., letter
length, age of acquisition) or other established semantic dimensions that tap into sensorimotor
(as measured by Brysbaert et al., 2014), affective (as indexed by valence ratings; Warriner et al.,
2013), and linguistic experience (quantified as semantic diversity; Hoffman et al., 2013). These
results suggest that the socialness measure captures a distinct aspect of meaning, and that
socially relevant information might enrich conceptual representations. However, key questions
remain about the contribution of socialness to lexical-semantic processing, including (1) whether
its relationship with behaviour is modulated by word concreteness, and (2) whether it generalizes
to other behavioural datasets and types of tasks.

Theories that pinpoint social experience as an important source of information for
conceptual representation (e.g., Barsalou, 2020; Borghi et al., 2019) also predict that socialness
contributes to abstract word meaning more than concrete meaning. Indeed, several feature
generation and rating studies have shown that, compared to concrete words, relatively more
abstract words tend to be associated with more social features (Barsalou & Wiemer-Hastings,
2005; Harpaintner et al., 2018; Wiemer-Hastings & Xu, 2005) and higher ratings on socially
relevant dimensions (Diveica et al., 2023; Troche et al., 2014, 2017; Villani et al., 2019).
Likewise, Zdrazilova et al. (2018) showed that, when asked to communicate the meaning of a
word without using the word itself, participants used more references to social agents in their
descriptions of abstract compared to concrete nouns. Moreover, there is evidence that the
influence of some other experience-based semantic dimensions, like emotional information, on
lexical-semantic performance is dependent on word concreteness (Newcombe et al., 2012).

However, this has not been explored in the case of social semantic content. Therefore, the main
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aim of the present work was to test whether the relationship between socialness and behaviour
depends on word concreteness.

Some contemporary theories of conceptual representation propose that concepts are
dynamic, and that the conceptual information activated at any one time is critically dependent on
the ongoing task and the concurrent context (Pexman, 2020; Yee & Thompson-Schill, 2016).
Indeed, there is evidence that even robust semantic richness effects are task-dependent (Goh et
al., 2016; Pexman et al., 2008; Tousignant & Pexman, 2012). Thus, our secondary aim was to
test the relationship between socialness and behaviour across multiple types of lexical-semantic
tasks. We expected that the socialness effect will vary as a function of whether social
information was task relevant.

To this end, we performed a series of studies using two methodological approaches with
complementary strengths. In Study 1, we conducted item-level regression analyses by
capitalizing on openly available behavioural megastudy datasets. This allowed us to assess
whether socialness correlates with behavioural indices of lexical-semantic processing (e.g., RTs
and accuracy scores) across several types of tasks, while accounting for potentially confounding
lexical and semantic variables. Strengths of this approach include the fact that it can be applied
to large word samples in which word properties vary naturally. However, this approach provides
only correlational evidence. To overcome this limitation, in Studies 2-3 we adopted an
experimental approach, which also allows for a higher level of control over stimuli
characteristics. Specifically, we tested whether manipulating the words’ degree of social
relevance affects participants’ responses on a syntactic classification task (SCT). The SCT has
been used in previous semantic richness studies (e.g., Muraki et al., 2020; Sidhu et al., 2014; Yap

& Pexman, 2016). Consistent with the semantic richness literature, we hypothesized that higher
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levels of socialness will be associated with more efficient lexical-semantic processing, as

indexed by faster RTs and higher accuracy scores. Further, in line with the Situated Action Cycle
theory and other contemporary models of conceptual processing, we hypothesized that the
relationship between word socialness and performance in lexical-semantic tasks will be larger for

more abstract words.

Study 1: Socialness as a Predictor of Word Processing across Tasks
Transparency and Openness
For each study, we report how we determined our sample size, all data exclusions (if
any), all manipulations, and all measures in the study. All data, analysis code, and research

materials are publicly available on the Open Science Framework (OSF) and can be accessed at:

https://osf.io/pmyut/ . The design and analysis script for Studies 2-3 were pre-registered on OSF

(Study 2 - https://osf.io/jc2s5 ; Study 3 - https://osf.io/2btyd ). Data were analysed using open-

source software as detailed below.
Method

In this study, we conducted a series of item-level regression analyses with socialness and
its interaction with concreteness as the predictors of interest and behavioural indices of lexical-
semantic processing as outcome variables. All analyses were conducted using R [version 4.1.1]
(R Core Team, 2022) and the following packages: ‘Ime4’ (Bates, Mé&chler, et al., 2015), ImerTest
(Kuznetsova et al., 2017) and ‘afex’ (Singmann et al., 2017).

Dependent variables. The outcome variables were obtained from four behavioural mega-

studies and included RTs and error rates from the English Lexicon Project visual lexical decision

task (LDT) (Balota et al., 2007), the Auditory English Lexicon Project auditory LDT (Goh et al.,


https://osf.io/pmyut/
https://osf.io/jc2s5
https://osf.io/2btyd
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2020), the Calgary Semantic Decision Project semantic decision task (SDT) (Pexman et al.,
2017) and hits, false alarms and rate of hits minus false alarms in a recognition memory task
(RMT) as collected by (Cortese et al., 2010, 2015). The details of each behavioural mega-study
dataset analyzed, including word sample size, are summarized in Table 1. The full methods for
each mega-study are provided in their respective papers, thus only brief descriptions are provided
below.

e ‘Word or non-word?’ The LDT outcome variables quantify the speed and
accuracy with which participants could distinguish between words and non-word
letter strings that were presented visually (LDT visual) and auditorily in either
American, British or Singapore accents (LDT auditory). In the case of the
auditory LDT, we additionally investigated RT minus stimulus duration
(henceforth RT-Duration) because this outcome variable controls for the high
variation in the duration of the auditorily-presented word stimuli. In LDT, words
that have richer semantic representations are expected to be associated with more
efficient processing due to stronger feedback from semantic to orthographic
representations (Hino et al., 2002; Hino & Lupker, 1996; Pexman et al., 2002).

e ‘Abstract or concrete word?’ The SDT outcome variables quantify the speed and
accuracy with which participants could classify visually presented words as being
concrete or abstract. We analysed the responses to concrete and abstract words
separately. The reason for this was that previous research has reported
considerable differences in the semantic richness variables that explain concrete
and abstract decisions. For example, the processing of concrete words is mainly

facilitated by concreteness, which hinders the processing of abstract words; in
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contrast, abstract word processing benefits from higher emotional valence and
greater semantic diversity (Newcombe et al., 2012; Pexman et al., 2017; Pexman
& Yap, 2018). Therefore, we wanted to ensure that our analysis could reveal if the
socialness effects are task-specific. As in the original mega study (Pexman et al.,
2017), words with concreteness scores below 2.5 were considered abstract while
those above 3.5 were considered concrete. In SDT, words associated with richer
semantic representations are expected to be associated with more efficient
processing due to faster semantic settling (Pexman et al., 2003) and semantic
variables tend to explain more variance than in LDT (e.g., Taikh et al., 2015; Yap
etal., 2012).

e ‘Old or new word?’ In the RMT, participants were asked to study a list of (“old”)
words and were later tested on their ability to recognize these words in a new list
that also contained an equal number of previously unstudied (“new”) words. The
hit rate quantifies the proportion of time a study word was correctly identified as
“old”. The false alarm rate refers to the proportion of time an unstudied (i.e.,
“new’”’) word was incorrectly judged as “old”. Hits minus false alarms measure is
thought to reflect the ability to discriminate old from new words, and, hence,
indexes memory efficiency. There is evidence that words with richer semantic
meanings tend to be more accurately remembered (Hargreaves et al., 2012; Paivio
et al., 1994; Sidhu & Pexman, 2016).

Each analysis used the maximum number of words available in each behavioural dataset (e.g., a

word not being present in the RMT dataset did not preclude its inclusion in the SDT analyses).
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We used RTs standardized as z-scores to control for individual differences in overall processing

speed (Faust et al., 1999).

Table 1. Details of each behavioural mega-study dataset analysed.

English Auditory Calgary Semantic Mega
Lexicon English Decision Project Recognition
Project Lexicon Memory
Project Studies
LDT LDT SDT - SDT- RMT
Task type Concrete Abstract
decisions decisions
Task question ‘Word or ‘Word or ‘Abstract or ‘Abstract or ‘Old or new?’
non-word?’ non-word?’  concrete?’  concrete?’
RTs RTs RTs RTs Hits
Dependent Error rates RTs- Error rates  Errorrates  False alarms
variables Duration
Hits — False
Error rates alarms
Sample size 7991 4609 2485 2340 2560

Note. LDT = lexical decision task; SDT = semantic decision task; RMT = recognition memory

task

Independent variables. For the predictors of interest, we used the socialness norms

collected by Diveica et al. (2023), which index the degree to which words’ referents have social

relevance, and the concreteness norms from Brysbaert et al. (2014), which quantify the extent to

which the words’ referents can be experienced through one of the five senses. Both measures

were available for 8388 words, inclusive of nouns, verbs and adjectives.

Control variables. To account for potentially confounding variables, we additionally

included several standard lexical and semantic control predictors. The lexical variables included:
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letter length, frequency (log subtitle frequency; Brysbaert & New, 2009), orthographic
Levenshtein distance (OLD; Yarkoni et al., 2008), and rating-based age of acquisition
(Kuperman et al., 2012). For the analyses on auditory LDT responses, the number of phonemes
and phonological Levenshtein distance were used as control predictors instead of letter length
and OLD, respectively; we additionally controlled for the uniqueness point (the point at which
enough phonetic information has been heard to leave only one word-form as a possibility). The
semantic variables included valence extremity (the degree to which the word evokes
positive/negative feelings; this was measured as the absolute difference between the valence
rating and the neutral point of the original valence scale by (Warriner et al., 2013), in addition to
concreteness (Brysbaert et al., 2014) and socialness (Diveica et al., 2023). All predictors were
standardized. To aid interpretation, the means and standard deviations of the predictors of

interest are provided in Table S1 for each dataset analysed.

Results

The effects associated with the predictors of interest are illustrated in Figure 1 and a
summary of the statistical estimates can be found in Table S2. In the analyses predicting LDT
performance, socialness was a significant predictor, contributing to faster RTs and/or fewer
errors regardless of whether the stimuli were presented in the visual or auditory modality. The
interaction between socialness and concreteness was only significant in the analyses predicting
RT-Duration during the auditory LDT using a British or Singapore accent, such that the effect of
socialness on word processing was greater for more abstract words.

In the analyses predicting SDT performance, socialness was a significant predictor in the

analysis of concrete word responses (ranging in concreteness from 3.55 to 5 on a 5-point Likert
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scale), contributing to faster RTs and fewer errors, but was not significant in the analysis of
abstract word responses (ranging in concreteness from 1.07 to 2.48). In the analysis of concrete
decisions RTs, there was an interaction between the socialness and the concreteness (continuous)
predictors, such that the effect of socialness was greater for relatively more abstract words. In
both the analysis of error rates for concrete decisions and the analysis of abstract decisions (RTs
and error rates), the interaction between socialness and concreteness was non-significant.

In the analyses predicting RMT performance, socialness was a significant predictor of hit
rates only — words with more social relevance tended to be associated with more hits. This effect
was accompanied by a significant interaction between socialness and concreteness such that the
positive association between socialness and hit rates was greater for more abstract words.
Socialness was not a significant predictor of false alarm rates or memory efficiency as indexed
by hits minus false alarms. However, the interaction between socialness and concreteness was
significant in the case of hits minus false alarms, such that the association was stronger for more

abstract words.
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Socialness as a Predictor of Behaviour
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Figure 1. The results of the regression analyses with socialness as a predictor of behavioural

performance in lexical-semantic tasks. Panel A illustrates the size of the main effect of

socialness, and of concreteness, and of the interaction term between socialness and concreteness,

for each of the 12 outcome variables. The pink colour indicates a positive association and blue

indicates a negative association. Only significant effects (p < .05) are displayed. Panel B

illustrates the effect of socialness (x axes) on each outcome variable (y axes) for concrete words

(+ 1 SD from the mean concreteness of the respective word sample; depicted in green) and for

abstract words (- 1 SD; depicted in yellow). In the case of the Auditory LDT, only the effects
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observed in response to stimuli pronounced in a UK accent are illustrated. See Table S2 for the
detailed results of the analyses on the American and Singapore accents. * p < .05, ** p <.01.

LDT = lexical decision task, SDT = semantic decision task, RMT = recognition memory task.

Interim discussion

In line with our first prediction, words with higher socialness scores were associated with
more efficient lexical-semantic processing. This was evidenced by the finding that increased
socialness was associated with shorter RTs and fewer errors when distinguishing words from
non-words (in both the visual and auditory modalities) and when categorizing words as concrete,
as well as higher hit rates when deciding whether words were old or new. As such, we extended
the facilitatory effect of socialness on lexical decisions on visually presented words reported by
(Diveica et al., 2023) to the auditory modality, and to two additional types of task — semantic
decisions and recognition memory. This pattern of results is in line with the semantic richness
literature (Pexman, 2012), and suggests that socialness might enrich a word’s conceptual
representation, resulting in more efficient processing.

Yet, the association between socialness and lexical-semantic processing was task-
specific. We found that socialness was related to concrete decisions but not abstract decisions.
This finding was unexpected because of previous claims that social experience is more important
for abstract than concrete words (Borghi et al., 2019). A potential explanation for this finding is
that, although abstract words tend to have more social features (Barsalou & Wiemer-Hastings,
2005; Troche et al., 2014), this social information is not relevant when judging abstractness, but
its absence is diagnostic of concreteness. This possibility is discussed in more depth in the

General Discussion.
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We found only partial support for our second prediction that the relationship between
socialness and lexical-semantic performance is stronger for more abstract words, and thus, for
theories that posit a greater contribution of social experience for abstract word meaning
(Barsalou, 2020; Borghi et al., 2019). This pattern was found in the case of RTs when
distinguishing words from non-words and when categorizing words as concrete, as well as for hit
rates and hits-FA when deciding whether words were old or new. However, the association
between socialness and behaviour was not modulated by word concreteness in most analyses.
Therefore, the next two studies investigated the possibility that the modulatory effect of word
concreteness on the relationship between socialness and task performance is detectable in more

controlled experimental designs.

Study 2: The Effect of Word Socialness on Verb Judgements
Next, we investigated differences in RTs and accuracy during a syntactic classification
task (SCT) for two types of words: social verbs and non-social verbs. If, as some multiple
representation theories would propose, social experience enriches conceptual representations, we
expected verbs that have high socialness scores to demonstrate facilitatory effects similar to
those observed in previous research for words higher in sensorimotor and affective semantic
content (Siakaluk, Pexman, Aguilera, et al., 2008; Yap & Seow, 2014). The hypotheses and

method were pre-registered prior to data collection at: https://osf.io/jc2s5.

Method

Participants

This study received ethical approval from The University of Calgary Conjoint Faculties

Research Ethics Board. The participants were recruited via the online platform Prolific
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(www.prolific.co). Responders were restricted to those who had a 100% approval rate on Prolific
and self-reported being fluent in English and having no language disorders. Participants
completed the study in 20 minutes on average and were compensated with GBP £4. We collected
data from a sample of 73 participants, with ages ranging from 18 to 65 (M = 33.32, SD = 10.94).
Of the participants, 33 were female, 38 male, 1 non-binary and 1 not reported. On average,

participants had completed 15.95 years (SD = 2.51) of formal education.

We determined the target sample by conducting a simulation-based power analysis to
make sure that our study had more than .8 power with a .05 alpha error probability to detect an
effect of socialness on RTs using linear mixed effect modelling (LMM). As recommended by
DeBruine and Barr (2021), we based our simulations on parameters estimated from pilot data (n
= 10). We ran 1000 simulations and calculated power by computing the percentage of iterations
in which we observed a significant effect of socialness on RTs. The pilot data and power analysis

script are available at https://osf.io/pmyut/ . Our power analysis suggested that 70 participants

would provide 0.817 power to detect a main effect of socialness on RTs with an effect size of

beta = 0.072.

Stimuli

The experimental stimuli were 134 verbs, 67 of which were social verbs, while the other
67 were non-social verbs. In addition, 134 nouns (67 social nouns and 67 non-social nouns) were
used as distractor stimuli. The word stimuli were selected starting with a sample of words for
which socialness ratings (Diveica et al., 2023) were available. Social words were required to
have mean socialness ratings greater than 5 (out of 7), while non-social words have mean ratings
less than 3. All words were known by more than 90% of respondents in the prevalence study

conducted by Brysbaert et al. (2018) and are used as verbs/nouns more than 80% of the time
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according to the dominant part-of speech norms by Brysbaert et al. (2012). The R package
‘LexOPS’ ( Taylor et al., 2020) was used to select words split according to a 2 by 2 factorial
design with socialness as the first factor (social, non-social) and dominant part of speech as the
second factor (verb, noun), and controlled for letter length, word frequency (Brysbaert & New,
2009), age of acquisition (Kuperman et al., 2012), valence (Warriner et al., 2013) and frequency
of the dominant part of speech measured as percentage of occurrences (Brysbaert et al., 2012). In
addition, we made sure that the selected words cover a range of concreteness values according to
the concreteness norms collected by Brysbaert et al. (2014), which index concreteness using
mean ratings on a 5-point Likert scale from abstract (1) to concrete (5). The concreteness of the
experimental stimuli ranged from 1.61 to 4.33 and was largely equivalent across the socialness
conditions (t(132) = -1.44, p = 0.15). Summary statistics on each of the above-mentioned

variables for the words in each condition are presented in Table 2.
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Table 2. Mean and standard deviations for the word stimuli used in Studies 2-3 by experimental

condition (before stimulus exclusions). Each table cell contains the following information: Mean

(SD).
Verbs Nouns

Social Non-social Social Non-social
Letter Length 751(1.73)  7.42(158)  7.82(1.49)  7.54(1.65)
Frequency 2.16 (0.6) 1.99 (0.54)  2.15(0.61) 2.06 (0.6)
Age of Acquisition 955(1.82)  9.62(1.68)  9.71(1.79)  9.73(1.81)
PoS Frequency 0.99 (0.03) 1(0.02) 0.99 (0.02)  0.99 (0.02)
Valence 5.35(1.08)  5.36(1.01)  5.44(1.03)  5.33(0.88)
Concreteness 2.59 (0.55) 2.72 (0.53) 2.76 (0.61) 2.82 (0.57)
Socialness 5.51 (0.4) 2.57 (0.27) 5.56 (0.4) 2.49 (0.4)
Procedure

Participants were asked to complete a go/no-go syntactic classification task. They were
instructed to look at each individual word presented at the center of the screen and determine if it
is a verb. If the word is a verb, they were asked to respond by pressing “k” on the keyboard and
if the word is not a verb or they do not know the meaning of the word, they were instructed to
make no response. Each trial began with a blank screen for 500 ms, followed by a fixation cross
for 500 ms which was replaced by a word that remained on the screen for 3000 ms or until a
response was made. Participants were asked to respond as quickly and accurately as possible.

Before the main experimental task, participants completed a practice block in which they
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responded to eight words and received feedback as to whether their response was correct or

incorrect. The task (available at: https://osf.io/pmyut/) was implemented in PsychoPy [version

3.2.4] (Peirce et al., 2019) and was presented using Pavlovia (https://pavlovia.org/).

Data cleaning

We sequentially implemented exclusion criteria at the participant, item and individual
trial levels. Data from participants with an overall accuracy score less than 0.597 were excluded.
This threshold is equivalent to above chance accuracy as determined by a binomial test using a p-
value of 0.001. Data associated with words that received correct responses from less than half of
the remaining participants were excluded. Finally, trials with RTs less than 250 ms or greater
than +3 SD from each participant’s mean RT were excluded.

We collected a total of 19564 observations. No participants had below-chance accuracy.
Four words were excluded because less than 50% of participants provided correct responses. Of
the experimental trials, 251 (2.57%) were identified as RT outliers and were excluded from the
analyses. Thus, the analyses reported are based on 9531 experimental observations, out of which
8621 are correct trials.
Analyses

We used the packages ‘lme4’ (Bates, Mé&chler, et al., 2015) and ‘afex’ (Singmann et al.,
2017) to perform our statistical analysis in R [version 4.1.1] (R Core Team, 2022). We
performed separate confirmatory analyses for each dependent variable. A LMM was used to test
the possible effect of socialness on RTs. This analysis was restricted to the verb trials that
received correct responses. Word socialness was effect-coded (social: +0.5; non-social: -0.5) and
concreteness values were standardised as z-scores. We first estimated the model with the

maximal random effects structure justified by the design using the following formula: RT ~
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Socialness*Concreteness + (1 + Socialness* Concreteness | participant) + (1 | Word). Given that
we did not have hypotheses about the random effects, we tested whether the maximal model was
overfitted by following the procedure outlined by Bates, Kliegl et al. (2015) to identify the
optimally parsimonious model for our data. We used likelihood ratio tests for model
comparisons. The detailed procedure for model selection, along with the code used for the entire

process, can be found at https://osf.io/pmyut/. To test the possible effect of socialness on

response accuracy, a logistic mixed-effects model was used on all verb trials (correct &
incorrect). Like in the case of the analysis performed on RTs, we started with the maximal model
and followed an iterative method (Bates, Kliegl, et al., 2015) to reduce model complexity. The R
package ‘ImerTest’ (Kuznetsova et al., 2017) was used to compute p-values for the estimated
mixed-effects models via the Satterthwaite’s degrees of freedom method. An alpha level of p <
.05 was used to make inferences about the statistical significance of the results.

To quantify the evidence in favour of the null hypothesis, we conducted a version of the
above analysis using Bayesian mixed-effects regression (for a detailed description and tutorial of
this approach, see Vasishth et al., 2018). This analysis was not pre-registered. Specifically, we
conducted a region of practical equivalence (ROPE) analysis (for a detailed explanation, see
Kruschke, 2018), which calculates what percentage of the 95% most credible values, termed the
highest density interval (HDI), for each estimated parameter falls within a range of values that
are practically equivalent to O (i.e., the ROPE), thus representing the null. We adopted
Kruschke's (2018) recommendation of a range of £0.1 SDs in the dependent variable as the
ROPE, as this is equivalent to what Cohen (1988) categorized as a negligible effect size. As
suggested by Kruschke's (2018), we do not make a discrete decision regarding the null or

alternate hypothesis; instead, we report the percentage of the HDI that falls within the ROPE.
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This value can intuitively be understood as the percentage of the most likely effect sizes that can
be considered negligible. In addition, we report the probability of direction (PD), which varies
between 50% and 100%, and quantifies the certainty with which an effect goes in a particular
direction (i.e., is positive or negative). Like the frequentist p-value, this index is sensitive only to
the amount of evidence for the alternative hypothesis (Makowski et al., 2019). We used the R
packages ‘rstanarm’ (Goodrich et al., 2020) and ‘bayestestR’ (Makowski et al., 2019) to conduct
the Bayesian analyses.
Results

The raw RT data did not meet the assumption of homogeneity of variance. Therefore,
below we report the analyses conducted on log transformed RTs, which was not pre-registered.
The results of the pre-registered analysis on raw RTs are consistent with the results described
below and can be accessed at: osf.io/pmyut/. The model with optimal random effects structure
for our logRT data included one random intercept per word, and one random intercept per
participant: logRT ~ Socialness*Concreteness + (1|Participant) + (1|Word). The main effects of
concreteness and socialness, as well as their interaction, were non-significant (see Table 3 and
Figure 2). The Bayesian analyses estimated that 82.91% of the HDI for socialness (90.4% PD),
100% for concreteness (72.99% PD), and 96.87% for the interaction (75.1% PD), fell within the

ROPE (-0.015 — 0.015).
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Table 3. Study 2 LMM estimates for the effect of socialness and concreteness on log transformed

RTs in the verb judgement task (only correct responses).

Predictors p Cl t p df
(Intercept) -0.03 -0.05--0.01 -2.62 0.011 83.34
Socialness -0.01 -0.02-0.00 -1.33 0.185 123.78
Concreteness 0.00 -0.00-0.01 0.63 0533 124.78
Socialness * -0.00 -0.02-0.01 -0.68 0.49 124.76
Concreteness

Random Effects

o2 0.01
T00 Word 0.00
TOO Participant 0.01
ICC 0.42
Marginal R? / 0.001/0.418

Conditional R?

Note. 62 Standard deviation of the residuals; too: Standard deviation of the random intercepts;
ICC: intra-class correlation coefficient; Marginal R?: the proportion of variance explained by the
fixed effects relative to the overall variance; Conditional R?: the proportion of variance explained

by both fixed and random effects relative to the overall variance.

The model with optimal random effects structure for the accuracy data included one
random intercept per word and one random intercept per participant: Accuracy ~
Socialness*Concreteness + (1|Participant) + (1|Word). In these analyses, the main effects of

concreteness and socialness, as well as their interaction were non-significant (see Table 4 and
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Figure 2). The Bayesian analysis estimated that 57.96% of the HDI for socialness (73.86% PD),
90.39% for concreteness (75.37% PD), and 66.15% for the interaction (60.92% PD), fell within

the ROPE (-0.181 — 0.181).

Table 4. Study 2 LMM estimates for the effect of socialness and concreteness on accuracy in the

verb judgement task.
] Odds
Predictors ) Cl t p
Ratio
(Intercept) 32.42 20.78 -50.59 15.32 <0.001
Socialness 1.13 0.78-1.64 0.65 0.516
Concreteness 0.94 0.78-1.13 -0.70 0.483
Socialness * 1.06 0.73-1.53 0.31 0.756
Concreteness
Random Effects
02 3.29
T00 Word 0.92
TO0 Participant 2.80
ICC 0.53

Marginal R? / Conditional R> 0.001/0.531

Note. 62 Standard deviation of the residuals; too: Standard deviation of the random intercepts;
ICC: intra-class correlation coefficient; Marginal R2: the proportion of variance explained by the
fixed effects relative to the overall variance; Conditional R?: the proportion of variance explained

by both fixed and random effects relative to the overall variance.
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Interim discussion

Our predictions that (1) the degree of socialness influences syntactic classification
responses and (2) this socialness effect is larger for more abstract words were not supported by
the data. This could indicate that social information is not relevant for lexical-semantic
processing. However, this is unlikely given the associations between socialness and task
performance identified in Study 1, and those reported by Diveica et al. (2023). Alternatively,
social information might not be diagnostic of a word’s verb-ness and so might not be useful
when making verb judgements. Therefore, in the next Study we tested the possibility that social

information might be relevant when making noun judgements.

Study 3: The Effect of Word Socialness on Noun Judgements

There is evidence that the effects of different semantic dimensions on behavioural
measures are dependent on the task (Pexman, 2020) and word type (Pexman et al., 2017; Pexman
& Yap, 2018; also see Strik-Lievers et al., 2021). Therefore, the aim of this study was to test
whether the findings from Study 1 generalize to noun judgements. We chose noun judgements
because nouns tend to have higher socialness scores than verbs when controlling for
concreteness (see Figure S1, TableS3). Moreover, for most people, nouns are generally
characterized as referring to people, places and things, and therefore, social information might be
perceived as particularly relevant for noun decisions. Like in Study 1, we hypothesized that,
compared to non-social nouns, social nouns would lead to faster and more accurate responses in
a syntactic classification task, and that this effect would be larger for more abstract nouns. We

pre-registered the hypotheses and method at: https://osf.io/2btyd.
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Method
Participants

This study received ethical approval from The University of Calgary Conjoint Faculties
Research Ethics Board. The participants were recruited via the online platform Prolific

(www.prolific.co ). Responders were restricted to those who did not participate in the first

experiment, had a 100% approval rate on Prolific, and self-reported being fluent in English and
having no language disorders. Participants completed the study in 20 minutes on average and
were compensated with GBP £4. We collected data from a sample of 73 participants, with ages
ranging from 18 to 70 (M = 31.22, SD = 11.23). Of the participants, 21 were women, 47 men and
1 not reported. On average, participants had completed 15.85 years of formal education (SD =
2.65).

We conducted a simulation-based sensitivity analysis to estimate the power (alpha = .05)
provided by a sample of 70 participants to detect a range of effect sizes. We used parameter
estimates based on Study 2 and 1000 iterations to estimate power by calculating the percentage
of iterations in which we observed a significant effect of socialness on RTs using LMM. The

script used is available at https://osf.io/pmyut/ . Our sensitivity analysis suggested that a study

with 70 participants would afford only 34.5% power to detect the effect size observed in the first
experiment (25 ms difference between responses to social and non-social words). However, it
would provide 84% power to detect a 50 ms difference between conditions, which is similar to
the effect sizes reported in a previous study that investigated semantic richness effects on

syntactic classification responses (Muraki et al., 2022).
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Stimuli

We used the same set of stimuli as in Study 2. However, in this study, the 134 verbs were
used as distractor stimuli, whereas the experimental stimuli were the 134 nouns, 67 of which
were social nouns while the other 67 were non-social nouns. The concreteness of the
experimental stimuli ranged from 1.63 to 4.39 and was largely equivalent across the socialness
conditions (t(132) = 0.56, p = 0.57).

Procedure, data cleaning and analyses

The experimental procedure was the same as in Study 2, with the exception that
participants were asked to respond only if the individually presented words were nouns. The
approach to data cleaning and analyses was identical to that adopted in Study 2.

We collected a total of 19564 observations, including verb and noun trials. We excluded
data from 4 participants with below-chance accuracy. All noun stimuli received correct
responses from at least 50% of the remaining participants. However, 643 of the experimental
trials (6.57%) were identified as RT outliers and were excluded from the analyses. Therefore, the
analyses reported below are based on 9139 experimental observations, out of which 7801 are
correct trials.

Results

We conducted the analyses on log transformed RTs because the raw RT data did not meet
the assumption of homogeneity of variance. The model with optimal random effects structure for
our logRT data included one random intercept per word, one random intercept and three random
slopes per participant, but no slope-intercept correlations: LogRT ~ Socialness* Concreteness +
(1 + Socialness*Concreteness||Participant) + (1|Word). The main effects of concreteness and

socialness were significant: responses were faster for social nouns compared to non-social houns,
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and for nouns with higher concreteness values (see Table 5, Figure 2). There was no significant
interaction between socialness and concreteness. The Bayesian analyses estimated that 33.25%
of the HDI for socialness (98.58% PD), 37.01% for concreteness (100% PD), and 96.14% for the

interaction (62.8% PD), fell within the ROPE (-0.017 — 0.017).

Table 5. Study 3 LMM estimates for the effect of socialness and concreteness on log transformed

RTs in the noun judgement task (only correct responses).

Predictors p Cl t p df
(Intercept) 008 0.05-010 6.07 <0001 82.58
Socialness -0.02 -0.04--0.00 -230 0.023 137.64
Concreteness -0.02 -0.03--0.01 -3.87 <0.001 151.75
Socialness * -0.00 -0.02-0.02 -0.31 0.756 132.67
Concreteness

Random Effects

o2 0.02
T00 Word 0.00
TOO0 Participant 0.01
T11 Socialness by Concreteness 0.00
T11 Concreteness 0.00
T11 Socialness 0.00
ICC 0.11

Marginal R? / Conditional R> 0.022/0.134

Note: o2: Standard deviation of the residuals; too: Standard deviation of the random intercepts;

111: Standard deviation of the random slopes; ICC: intra-class correlation coefficient; Marginal
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R2: the proportion of variance explained by the fixed effects relative to the overall variance;
Conditional R the proportion of variance explained by both fixed and random effects relative to

the overall variance.

The model with optimal random effects structure for the accuracy data included one
random intercept per word, and one random intercept and three random slopes per participant:
Accuracy ~ Socialness*Concreteness + (1 + Socialness*Concreteness|Participant) + (1|Word). In
these analyses, the main effects of concreteness and socialness were significant: responses were
more accurate for social nouns compared to non-social nouns, and for nouns with higher
concreteness values (see Table 6, Figure 2). There was no significant interaction between
socialness and concreteness. The Bayesian analyses estimated that 8.89% of the HDI for
socialness (98.67% PD), 0% for concreteness (99.99% PD), and 69.35% for the interaction
(52.91% PD), fell within the ROPE (-0.181 — 0.181). Figure 2 illustrates the effects identified in

Studies 2-3.



SOCIALNESS & LEXICAL-SEMANTIC PERFORMANCE

28

Table 6. Study 3 LMM estimates for the effect of socialness and concreteness on accuracy in the

noun judgement task.

Predictors Odds Ratios Cl t p
(Intercept) 12.24 8.82-17.00 14.96 <0.001
Socialness 1.54 1.07 - 2.23 2.30 0.022
Concreteness 1.50 1.25-1.82 426 <0.001
Socialness * 0.98 0.68 —1.39 -0.14  0.892
Concreteness

Random Effects
0?2 3.29
T00 Word 0.74
TOO Participant 1.35
T11 Socialness 0.26
T11 Concreteness 0.09
T11 Socialness by Concreteness 0.12
P01 Socialness 0.28
01 Concreteness -0.33
201 Socialness by Concreteness -0.33
ICC 0.41

Marginal R? / Conditional R?

0.035/0.430

Note: 6% Standard deviation of the residuals/ error variance; too: Standard deviation of the

random intercepts; t11: Standard deviation of the random slopes; po1: Random correlation

between intercepts and slopes; ICC: intra-class correlation coefficient. Marginal R? represents
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the proportion of variance explained by the fixed effects relative to the overall variance, whereas
Conditional R? represents the proportion of variance explained by both fixed and random effects

relative to the overall variance.

The Effect of Socialness on Syntactic Classification
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Figure 2. The relationship between concreteness and behavioural responses in the SCT focusing

on verb judgements (Panel A, Study 2) and noun judgements (Panel B, Study 3) as a function of



SOCIALNESS & LEXICAL-SEMANTIC PERFORMANCE 30

socialness. The datapoints represent mean RTs across all participants for each word (column 1),
and percentage of participants that provided incorrect responses for each word (column 2). The
pink triangles correspond to the social words and the green circles correspond to the non-social

words.

Interim discussion

In line with our first prediction, social nouns were processed faster and more accurately
than non-social nouns when making noun judgements. As such, we found that the facilitatory
socialness effects found in the correlational analyses conducted in Study 1 replicate in a more
tightly controlled experimental design. The results pattern observed is consistent with a semantic
richness effect wherein words that are semantically rich (i.e., they have more semantic features,
associates etc.) are typically processed more quickly and accurately (Pexman, 2012). Therefore,
these results suggest that social experience contributes to the semantic richness of words.

The finding that socialness affects noun judgements but not verb judgements (Study 2)
even though the noun and verb stimuli were matched on socialness scores is indicative of
susceptibility of the socialness effect to task demands. This is discussed in more depth in the
following General Discussion section.

Our second prediction that the influence of socialness on task performance should be
stronger for more abstract words was not empirically supported. One explanation for the failure
to detect an interaction between socialness and concreteness in our analysis is low statistical
power. Nonetheless, our sensitivity analysis demonstrated that we possessed adequate statistical

power to detect an effect size akin to those previously reported in studies focusing on semantic
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richness (Muraki et al., 2022). This indicates that if there is an interaction, its effect size is likely

to be minimal.

General Discussion

There is limited behavioural evidence in support of multiple representation theories that
proffer an important role for social experience in conceptual representation. The purpose of the
current work was to test the prediction arising from these models that the knowledge derived
from social experience influences behavioural responses in lexical-semantic tasks. Specifically,
we operationalized social experience using a novel and inclusive socialness measure that
assesses the social relevance of a word’s referent (Diveica et al., 2023), and tested whether there
is an association between socialness and lexical-semantic performance that (1) is modulated by
word concreteness, and (2) generalizes across datasets and tasks. Across three studies, we found
evidence that increased social relevance can have a faciliatory effect on lexical-semantic
processing. In Study 1, we showed that words with higher socialness scores tended to be
associated with faster and/or more accurate responses when distinguishing words from non-
words, and concrete decisions when distinguishing concrete from abstract words, as well as with
more hits when judging whether a word had been previously seen. In Studies 2-3, we found that
social words received faster and more accurate responses than non-social words when
participants made noun judgements, but not when they made verb judgements. Although the
socialness effect was larger for words that are more abstract in some of the datasets we
investigated, this interaction was only significant in some tasks (see detailed discussion below).

Together, our results demonstrate that socialness influences lexical-semantic processing.
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Our main finding was that increased socialness can facilitate responses in lexical-
semantic tasks, even after controlling for other key semantic dimensions like concreteness and
valence. Therefore, we demonstrate that the facilitatory socialness effect observed by (Diveica et
al., 2023) in a visual lexical decision task and a word recognition task generalizes to other
behavioural datasets, and across different input modalities (visual and auditory LDT) and task
types (SDT, RMT, SCT). Our results are consistent with the semantic richness literature (for a
review, see Pexman, 2012), and the idea that “more is better” (Balota et al., 1991, p. 214) —
social experience might enrich conceptual representations, which benefits the lexical-semantic
processing of social (compared to non-social) words. Indeed, there is evidence that words
associated with more semantic information enjoy processing benefits across lexical (e.g.,
Pexman et al., 2008; Siakaluk, Pexman, Aguilera, et al., 2008; Sidhu et al., 2014; Yap et al.,
2015), semantic (Bennett et al., 2011; Goh et al., 2016; Siakaluk, Pexman, Sears, et al., 2008),
syntactic categorization (e.g., Muraki et al., 2022; Sidhu et al., 2014; Yap & Pexman, 2016), and
memory tasks (e.g., Hargreaves et al., 2012; Sidhu & Pexman, 2016; Taylor et al., 2019). This is
believed to be due to more semantic activation and/or faster semantic settling that improves
performance in semantic tasks (Pexman, 2012). Greater semantic activation can result in more
feedback from semantic to orthographic nodes, facilitating lexical decisions (Hino et al., 2002;
Hino & Lupker, 1996; Pexman et al., 2002). Likewise, semantically rich words might lead to
more elaborative encoding, which is thought to improve later memory performance (Lockhart &
Craik, 1990). Thus, the observed association between socialness and behaviour suggests that
socialness contributes to word meaning, providing empirical evidence in support of multiple
representation theories that posit a key role for social experience in the acquisition and grounding

of concepts (e.g., Barsalou, 2020; Borghi et al., 2019).
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Nonetheless, we found that the socialness effect is not ubiquitous and that it is sometimes
greater for words that are more abstract. The effect of socialness was greater for more abstract
words in the case of RTs when distinguishing auditorily-presented words from non-words, and
hits when judging whether words were old or new, as well as for RTs in response to relatively
less concrete words when categorizing words as concrete. These former findings are consistent
with our hypothesis, but the latter finding that socialness interacts with concreteness for concrete,
but not abstract decisions was unexpected. One possible explanation is that socialness helps
provide evidence for concrete word meanings when there is less sensorimotor information
available. However, interactions were only present in a few task contexts in Study 1. Moreover,
we failed to find interactions in Studies 2-3, perhaps due to lower statistical power. Yet, our
sensitivity analysis suggested that in Studies 2-3 we had sufficient statistical power to detect an
effect size of similar magnitude as previously reported in the semantic richness literature (e.g.,

Muraki et al., 2022), suggesting that, if the interaction does exist, its effect size is negligible.
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Figure 3. Scatterplot illustrating socialness as a function of concreteness in a sample of 8388

words. The linear relationship between the two variables is highlighted by the green line. The
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distributions of concreteness and socialness scores are displayed as density plots on the top and

right of the scatterplot. This figure shows that words that are more concrete tend to be less social.

Our secondary finding was that socialness influences lexical-semantic performance in a
task-dependent way. Specifically, we found that socialness was related to concrete but not
abstract decisions, and that it influenced noun but not verb decisions. Performance in all the tasks
we examined is a function of both bottom-up stimulus processing (e.g., semantically richer
words elicit greater semantic activation) and top-down task constraints, but the latter might have
a greater influence on SDT and SCT responses. Indeed, there is evidence that task influences can
attenuate bottom-up effects to the point that behavioural semantic richness effects are no longer
observable (Muraki et al., 2023; Tousignant & Pexman, 2012). Thus, the task decisions chosen
in the SDT and SCT shape behavioural responses - participants tend to focus on dimensions of
meaning that are relevant to the specific decision (Newcombe et al., 2012; Tousignant &
Pexman, 2012). The pattern of results observed in these two tasks can therefore be attributed to
two sources (i) differences in the contribution of social information to the conceptual
representation of the word stimuli and (ii) differences in the usefulness of the socialness
dimension when making judgements. Bottom-up influences are unlikely to explain the finding
that socialness is related to concrete but not abstract decisions because the concrete word sample
had lower mean socialness scores than the abstract word sample. Moreover, they are unlikely to
account for the inconsistent results of Studies 2 and 3 because the noun and verb stimuli were
matched on socialness. Nonetheless, future research should consider and directly test the
possibility that socialness effects, as well as semantic richness effects more generally, are

modulated by part of speech. In contrast, task-related top-down influences could have affected



SOCIALNESS & LEXICAL-SEMANTIC PERFORMANCE 35

both the semantic and syntactic task results. Abstract words cover the entire socialness
continuum (see Figure 3; Diveica et al., 2023; Pexman et al., 2023), perhaps rendering an
emphasis on social information unhelpful when making abstractness decisions. For example,
both trust and the time should be categorized as abstract, even though the former is considered
social, while the latter is non-social. Thus, the presence of social information might not be useful
when making abstractness decisions. In contrast, words that are more concrete tend to have lower
socialness scores (see Figure 3), so the lack of social information might be informative when
making concreteness decisions. In the SCT, social information might be more diagnostic of noun
than verb decisions because verbs have, on average, lower socialness scores compared to nouns.
Therefore, we interpret the present results as indicative of the task-dependency of the socialness
effect, consistent with a dynamic view of conceptual representation according to which meaning
is constructed flexibly to meet the demands of the concurrent context or ongoing task (Pexman,
2020; Yee & Thompson-Schill, 2016).

An important caveat is that our results are dependent on the way socialness was
operationalised. We used an inclusive definition of socialness and, thus, it is unclear what
specific social information is driving the observed effects. The socialness measure captures a
variety of socially relevant constructs, such as social roles, social behaviours, social places, and
social institutions. Furthermore, the failure to detect a socialness effect on abstract decisions
might be explained by the fact that social information contributes to only some sub-types of
abstract words (Harpaintner et al., 2018; Villani et al., 2019). Our analysis treated abstract words
as one undifferentiated category, making it challenging to detect more subtle effects specific to
only some types of abstract words. This explanation is in line with the growing literature

supporting the importance of social features for abstract word meanings (Barsalou & Wiemer-
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Hastings, 2005; Harpaintner et al., 2018; Wiemer-Hastings & Xu, 2005; Zdrazilova et al., 2018).
Future research should consider more narrowly defined socialness measures (for examples, see
Pexman et al., 2023) to better pinpoint what aspects of social experience are most relevant to
lexical-semantic performance.

Although our results provide evidence for the benefits of socialness during lexical-
semantic processing, they do not provide information about the source of those benefits. There
are several possible explanations which cannot be evaluated using the current data. One
possibility is that social information is a dimension of semantic richness similar to other
experience-based dimensions, like sensorimotor and emotional information, that characterize a
unified semantic space. The second possibility is that social experience is particularly important
for the acquisition of words, and especially for those that are abstract in nature (Borghi et al.,
2019). The importance of socialness for meaning acquisition might have consequences for
lexical-semantic processing, such as the effects observed here. However, future research should
directly investigate the effect of social information on language acquisition specifically, and its
proposed interaction with concreteness. The third possibility is that socialness captures a unique
aspect of meaning representation that can also be observed at the neural level. Indeed, there is
growing neuroimaging evidence that social information processing relies on distinct neural
pathways (for a review, see Pexman et al., 2023; also see Binney & Ramsey, 2020; Conca et al.,
2021).

In conclusion, the present work provides a direct demonstration that socialness, even
when defined broadly, explains unique variance in lexical-semantic processing, and that task
demands dictate when these socialness effects are observed. These findings suggest that

socialness is an important dimension of meaning that should be incorporated in future models of
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conceptual representation. Multiple representation accounts are well positioned to incorporate

these findings.
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