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ABSTRACT

Iconicity in spoken language refers to a perceived resemblance between the form of a word and its meaning. Here we examined emotional iconicity: the relationship
between the sound of a word and its emotional arousal. We first examined which language sounds are associated with calmness vs. excitement by collecting
emotional arousal ratings of 5,457 nonwords (Experiment 1). This revealed a pattern in which high pitch sounds (e.g., voiceless stops) were associated with
excitement while low pitch sounds (e.g., sonorants) were associated with calmness. We used these ratings to identify words whose sounds were iconically congruent
(e.g., “shock”, containing exciting sounds and with an exciting meaning), incongruent (e.g., “alarm”, containing calming sounds and with an exciting meaning) or
neutral. In two experiments (Experiment 2 and 3) we found that congruent words were responded to faster, and that incongruent words were responded to less
accurately, on a semantic decision task (“Is this word calming or exciting?”’). Congruent words were also more likely to be recalled in Experiment 2, but not in
Experiment 3 after removing taboo items. However, we found that emotionally iconic words were more likely to be recalled in a mega study dataset of 1,551 items.
We also examined whether individual differences in the experience of emotion moderated the effects we observed. Together these results suggest that iconicity is an

important factor in language processing.

Emotional iconicity facilitates processing and recall

In spoken language, iconicity refers to instances in which the sound
of a word is perceived as resembling its meaning (for reviews see Din-
gemanse et al., 2015, 2020; Perniss et al., 2010; Winter et al., 2023).
Examples of iconicity can be seen in onomatopoeic words such as
“cuckoo”, which mimic the real-world sounds they represent. Iconicity is
theoretically important because it represents an instance of non-
arbitrariness in the connection between form and meaning in lan-
guage (see Dingemanse et al., 2015). That is, a way in which form can
connect with meaning through resemblance, as opposed to convention
alone.

Crucially, iconicity can also exist crossmodally, when the sound of a
word is perceived as resembling some non-auditory property. For
example, research has shown that individuals perceive certain language
sounds (i.e., phonemes) as being evocative of smallness (e.g., /i/ as in
“see”), and others as evocative of largeness (e.g., /a/ as in “saw”;
Knoeferle et al., 2017; Sapir, 1929; Thompson & Estes, 2011). This leads
to a word like “teeny” seeming iconic through its phoneme-size associ-
ation, even though it does not mimic a sound. Crossmodal iconic asso-
ciations have also been demonstrated for properties such as shape
(Kohler, 1929), colour (see Johansson et al., 2020), personality (Sidhu
et al.,, 2019) and even taste (Gallace et al., 2011). The present study

focuses on emotional iconicity (see Aryani et al., 2018; Aryani & Jacobs,
2018; Rummer et al., 2014; Schmidtke et al., 2025; Yu et al., 2021), in
particular associations between phonemes and different levels of
excitement, and the implications of this for language processing.

Emotional iconicity

Emotion is typically categorized along two axes: valence (referring to
how pleasant or unpleasant something is) and arousal (referring to how
exciting or calming something is; see Warriner et al., 2013). Warriner
et al. (2013) collected ratings of these two dimensions for over 13,000
words, and these ratings are the standard measure of emotion in the
literature. Rummer et al. (2014; see also Yu et al., 2021) demonstrated
that the vowel /i/ (as in “beet”) is associated with positive valence, and
that the vowel /o/ (as in the German “brot”) is associated with negative
valence. Their interpretation was that the articulation of /i/ involves
contraction of the same muscle that is used to smile (i.e., zygomaticus
major), while /o/ involves the antagonistic muscle (i.e., orbicularis orbis
muscle). This was further supported by Korner and Rummer (2022) who
found that /i/ was rated more positively than /o/ or /y/ (a front rounded
vowel; as in the French “lune™). Note that /y/ and /i/ share a higher
pitch, while only /i/ involves activation of the muscle used to smile. This
provided elegant support for the role of articulation (vs. pitch) in
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valence sound symbolism. Notably, these associations are observable in
language. Yu et al. (2021) found that in pairs of monosyllabic English
words that contained either /i/ or /a/ (e.g., “gleam” vs. “glum”), the
word with an /i/ tended to have a more positive meaning.

Our particular interest is in associations between phonemes and
arousal. Aryani et al. (2018) examined arousal sound symbolism by
having German-speaking participants listen to sets of nonwords and rate
them on an arousal scale. They then extracted acoustic features from the
nonwords and developed an acoustic model to predict significant vari-
ance in perceived arousal. Nonwords with a higher fundamental fre-
quency (i.e., a higher pitch) were judged as more arousing. This is
consistent with a general tendency to associate higher pitch vocaliza-
tions with greater states of arousal in the vocalizer (i.e., the pitch rule;
see Schwartz et al., 2024). Aryani et al. (2018) also found a general
pattern in which words with a lower intensity (less acoustic energy)
were rated as more exciting. To follow up on this, they mapped the
presence of certain phonemes to sound intensity and correlated those
phonemes with perceived arousal. They found that short vowels (e.g.,
/1/ as in “bit”), stops (i.e., consonants involving a complete stoppage in
airflow), and hissing sibilants (e.g., /s/ as in “piss”) were all predictive of
a word being more emotionally arousing. Conversely, long vowels (e.g.,
/u/ as in “who”) and voiced constants (e.g., /g/ as in “gas”) were pre-
dictive of a word being rated as less emotionally arousing.

Notably, several of the patterns discovered by Aryani et al. (2018)
are consistent with the processing of emotional communication in
general (e.g., the aforementioned pitch rule). In addition, Aryani et al.
(2018) suggest that short vowels might be judged as more arousing
because they resemble the rapid breathing that comes along with states
of high arousal. In addition, they note that the sounds made by animals
in aggressive situations tend to be shorter in duration. Thus, sound
properties (linguistic and non-linguistic) may be automatically inter-
preted and processed as cues to emotion, allowing words to have an
iconic relationship with emotional meanings.

A variety of neuroimaging studies have shown that activity in regions
of the brain responsible for processing emotion are affected by acoustic
properties (see Frithholz et al., 2016). An fMRI study by Aryani et al.
(2019) had participants listen to words that sounded either high
arousing or low arousing while controlling for lexical (i.e., semantic)
arousal. Their findings showed that words that sounded high arousing
compared to low arousing shared substantial processing networks with
brain regions that process other types of (non-word) affective sounds.
Their findings provide neuroimaging evidence of a unifying neural
system for affective sound processing, suggesting there are evolutionary
mechanisms linking sound and emotion. Additionally, there is also some
evidence that these associations extend beyond humans, and can be seen
in perceptions of animal calls (Schwartz et al., 2024). These results
further suggest an evolutionary basis for these emotional associations to
sound.

Effects of iconicity

Beyond demonstrating the existence of iconicity, researchers have
begun to explore its effects on cognition. Numerous studies have shown
that the first learned words tend to be high in iconicity (Perry et al.,
2015; Sidhu et al., 2022; Winter, Perlman, et al., 2022). Researchers
have suggested that the resemblance between sound and meaning might
make it easier for infants to connect the two when learning language
(Imai & Kita, 2014; for a review see Nielsen & Dingemanse, 2021). This
has been supported by laboratory studies showing that infants are better
able to generalize a new word to novel instances if it is iconic (Imai et al.,
2008).

Other work has explored the possibility that iconicity might facilitate
word processing. Meteyard et al. (2015) compared the processing of
iconic words (primarily onomatopoeia) to non-iconic words. They found
that iconic words were responded to more accurately on reading aloud
and auditory lexical decision (“Is this a real word?”) tasks. Their
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interpretation was that iconic words enjoy stronger connections be-
tween semantic and phonological information, facilitating retrieval.
Sidhu et al. (2020) followed this up with a larger set of items and found
that iconic words were processed faster and more accurately on a visual
lexical decision task, and faster on a phonological lexical decision task (i.
e., “Is the sound of this a real word?”; thus pseudohomophones like
“brane” also elicit a “yes” response). Importantly, Sidhu et al. included
onomatopoeia, crossmodally iconic words (judged by the authors to “not
directly imitate their meanings”, p. 168), and non-iconic words. The
original analyses did not distinguish between these two types of
iconicity. However, subsequent analyses (see Online Supplementary
Material: https://osf.io/ptfqy/files/8du9j) revealed that crossmodally
iconic words were responded to marginally faster in Experiment 1 and
significantly faster in Experiment 2. Though, in both cases this effect was
smaller than what was observed for onomatopoeia.

Sidhu and Pexman (2022) explored the processing of crossmodally
iconic words by operationalizing a specific instance, namely size
iconicity. In this study, words were considered congruent if the size as-
sociations of their phonemes matched their true sizes, and incongruent if
they mismatched. For instance, words like “flea” (i.e., small vowel/small
object) and “boat” (i.e., large vowel/large object) were considered
congruent; words like “ship” (i.e., small vowel/large object) and “wasp”
(i.e., large vowel/small object) were considered incongruent. Partici-
pants took part in a semantic decision task in which they categorized
words based on their physical size as quickly as possible. Words were
presented visually (Experiment 1) or auditorily (Experiment 2). The
researchers found no evidence of crossmodal iconicity facilitating
processing.

However, there has been evidence of facilitation for emotional
iconicity. In particular, Aryani and Jacobs (2018) used a semantic de-
cision task in which German-speaking participants categorized words as
“exciting” or “calming”. They used the results of Aryani et al. (2018) to
compute a “sound score” for candidate words, quantifying the arousal
associations of the sounds they contained. Words either contained
exciting or calming sounds, making them congruent or incongruent with
their exciting or calming meanings. The authors found that congruent
words were processed faster and more accurately. This suggests that
unlike size iconicity, emotional iconicity may affect word processing.
The authors interpreted this effect as arising from emotional cues pro-
vided by a word’s sound. That is, when a word contains acoustic features
that convey emotional cues (e.g., high pitch), this may facilitate (or
interfere with) a decision about the emotional content of the word.

There are thus at least two ways in which we can understand the
mechanism underlying emotional iconicity. One is that iconic words in
general enjoy special links between their sound and meaning (Meteyard
etal., 2015; Sidhu et al., 2020). Another is that the emotion associations
of a word’s sound can facilitate decisions about a word’s affective
content (Aryani & Jacobs, 2018). Aryani and Jacbos (2018) suggest that
when categorizing a congruent word, individuals benefit from two
sources of information, the word’s meaning and its sound.

Researchers have also begun to explore other downstream conse-
quences of iconicity. In particular, Sidhu et al. (2023) examined effects
of iconicity in recognition memory. They found that iconic words tended
to have a higher hit rate (i.e., correctly categorized as previously seen)
and a higher false alarm rate (i.e., incorrectly categorized as previously
seen). In addition, participants set a lower response criterion for iconic
words (i.e., were more willing to respond that they had seen a word
before if it was iconic). This study did not distinguish between different
kinds of iconicity. One goal of the present study is to examine effects of
emotional iconicity in particular on memory. Emotionally arousing
stimuli tend to be better remembered (e.g., Cortese & Khanna, 2022;
Kensinger & Corkin, 2004), making memory an especially interesting
domain in which to test emotional iconicity. By studying recall, we
explore iconicity in a context in which the effect cannot be explained via
a facilitated fast-paced decision (cf., when quickly categorising a word
on its emotion).
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Finally, it is important to draw a distinction between iconicity and
systematicity (Dingemanse et al., 2015). While iconicity refers to a
resemblance between form and meaning, systematicity refers to large-
scale statistical patterns in a language among similar words. For
example, Reilly et al. (2012) demonstrated that there are systematic
differences in the forms of abstract and concrete words, with the latter
tending to be shorter. Importantly, on a semantic decision task (abstract
vs. concrete), participant responses were more accurate for words with
typical forms. More recently, de Zubicaray et al. (2023) examined the
extent to which a variety of word form features predicted their valence
and valence extremity. They found that typicality (in particular, the
degree to which forms were typical of words with extreme valence)
affected responses on lexical decision and recognition memory tasks (see
also de Zubicaray et al., 2024).

Schmidtke and Conrad (2018) approached the systematicity of
emotion in language by calculating the sublexical affective value (SAV)
of sub-syllabic units in German. Sub-syllabic units were syllable onsets,
nuclei or codas. They then calculated the average valence and arousal of
all words containing a given unit. Importantly, they showed that in-
dividuals are sensitive to the SAV of these units. For instance, Conrad
et al. (2022) found a larger N400 (indicative of semantic processing
difficulty) when a word’s SAV was incongruent with its meaning.
Schmidtke and Conrad (2018) also found that participants were faster to
detect letters in a word if those letters had a high arousal SAV.

Crucially, iconicity and systematicity are orthogonal properties. That
is, systematic patterns may or may not be iconic (see Sidhu, 2025). To
illustrate, Winter and Perlman (2021) demonstrated that adjectives for
small sizes tended to contain the phoneme /i/, which individuals
perceive as resembling smallness (making it an example of icon-
ic-systematicity). Conversely, de Zubicaray et al. (2024) found that
words with larger referents tend to have (among other features) more
linguodental phonemes (e.g., /6/ as in the onset of “thank™). This is not a
feature that has been shown to be perceived as resembling largeness,
making it an example of systematicity alone. Complicating matters is the
possibility that systematicity may be an example of the lexicon encoding
iconic relationships. Indeed, Schmidtke and Conrad (2025) consider
SAV as an example of iconicity permeating the lexicon. Given the
observation that SAVs can affect processing, an important consideration
for any effects of iconicity on processing is the extent to which system-
aticity plays a role.

Individual differences in emotional iconicity

A secondary goal of the present study was to leverage individual
differences to explore the orthogonal question of whether emotional
iconicity involves the experience of emotion. That is for instance,
whether phonemes evocative of high arousal elicit this emotion expe-
rientially. Embodied theories of concept knowledge (i.e., theories in
which meaning involves sensorimotor properties) propose that the
activation of emotional experience also contributes to richer semantic
processing (Barsalou, 1999; Pexman, 2012). When congruent, emotional
experience elicited through word sound and word semantics may
therefore enrich processing. But when incongruent, conflicting sources
of this information may result in slower processing in order to reconcile
conflicting information or less accurate processing if one source of in-
formation is privileged over another. If emotion iconicity has an effect
via experienced emotion, then individual differences in the experience
of emotion might serve as moderators of emotional iconicity.

Past research has found that individual traits such as anxiety and
need for affect (i.e., tendency to seek out emotional experience) are
differentially sensitive to emotional sounds and emotional semantics.
For example, Simon et al. (2017) found that individuals with social
anxiety disorder showed greater amygdala activity in response to loud
angry voices (cf. Peschard et al., 2017). In language processing, studies
have found that individuals with higher trait anxiety tend to read
negative words more quickly compared to neutral words (Knickerbocker
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et al., 2015) and people with greater need for affect read positive words
more slowly compared to neutral and negative words (Lei et al., 2023).
In Experiment 2 we examined whether individual differences on a
measure of General Anxiety Disorder (Spitzer et al., 2006) would mod-
erate effects of emotional iconicity. In addition, we also examined
whether current feelings of anxiety (i.e., state as opposed to trait anxi-
ety) would serve as a moderator (Spielberger, 1983). In Experiment 3,
we explored individual differences at the level of personality, by
measuring participants on the Emotionality personality factor from the
HEXACO model of personality (Lee & Ashton, 2008). Individuals high
on Emotionality experience greater fear and anxiety.

We also consider individual differences related to how iconicity
arises more generally from phonological representations. It is notable
that Aryani and Jacobs (2018) found an effect of iconicity even when
stimuli were presented visually. Their interpretation was that visually
presented stimuli still activated phonological representations of words,
allowing sounds to have an effect even in the absence of actual auditory
input. This is consistent with observed effects of phonology in visual
word processing (for a review see Cui et al., 2025). It is also notable that
many of the studies on emotional sound symbolism have been conducted
in German, which Schmidtke and Conrad (2025) note has especially
consistent grapheme-sound conversion rules. If the activation of
phonological representations is an important part of the mechanism
underlying iconicity effects in word processing, then individuals more
sensitive to phonological effects may also be more sensitive to all forms
of crossmodal iconicity. Inner voice, the tendency to experience thought
as language that is “heard”, has been associated with increased phono-
logical interference effects in a speeded word-picture verification task
(Roebuck & Lupyan, 2020), suggesting that people with a more salient
inner voice activate more robust phonological representations of words.
Therefore, in Experiment 3 we also included a measure of the tendency
to experience an inner voice (i.e., the Verbal scale in the Internal Rep-
resentations Questionnaire; Roebuck & Lupyan, 2020) to test the extent
to which the experience of inner voice moderated any effects of
iconicity.

Present study

We begin with the first large-scale characterization of phoneme-
arousal associations (i.e., arousal sound symbolism) in English
speaking participants, using thousands of nonword ratings to identify
the phonemes that are associated with high and low arousal (Experiment
1). We also explore whether these associations exist as systematic pat-
terns in the lexicon. Complementing previous work (i.e., Aryani et al.,
2018; Schmidtke & Conrad, 2018), and to facilitate subsequent experi-
ments, these analyses were carried out at the level of phonemes, rather
than acoustic properties or sub-syllabic units.

We then use the phoneme associations discovered in Experiment 1 to
select stimuli for a semantic decision task in Experiments 2 and 3.
Through these experiments we attempted to replicate the effects of
Aryani and Jacobs (2018) in an English-speaking population, as well as
build on this study in several ways. In addition to words whose sounds
are congruent or incongruent with their meanings, we also included
words with a neutral sound. This will allow us to determine whether any
effects arise due to facilitation of congruent words, and/or interference
of incongruent words.

We also examined whether congruent words would be better
remembered. Instead of a recognition memory task, in which responses
can be affected by factors other than recollection (e.g., response crite-
rion, familiarity; see Uner & Roediger, 2022) we used a recall task. To
our knowledge, this was the first time that the effect of iconicity on recall
has been measured. In Experiments 2 and 3, we also consider the effects
of individual differences related to the experience of emotions and inner
voice. However, note that these investigations were exploratory because
the sample sizes in Experiments 2 and 3 were based on the primary
research questions, and thus our ability to robustly test individual
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difference effects was underpowered. Finally, we also explore the effects
of emotional iconicity on recall in a mega study dataset of over one
thousand items (i.e., the Penn Electrophysiology of Encoding and
Retrieval Study; available at: http://memory.psych.upenn.edu/Penn_
Electrophysiology_of Encoding and_Retrieval Study;  organised by
Madan, 2021).

Experiment 1

We began with a large-scale measure of phoneme-arousal associa-
tions, as previous measures of phoneme-arousal iconicity have been
collected in German-speaking participants, and we intend to test
English-speakers. In addition, while Aryani et al. (2018) modelled the
relationship in terms of overall acoustic properties, here we model the
effect at the level of individual phonemes. To that end, participants rated
a set of 5,457 nonwords on an emotional arousal scale.

Method

Participants

There were 107 participants (Mage = 41.0, SDage = 12.1; 58 males,
49 females) recruited through the platform Prolific (https://www.prol
ific.com/). They were paid the equivalent of £9.53/hour on average.
All participants reported normal or corrected-to-normal vision and En-
glish fluency. Four participants were removed for failing an attention
check (see below). We also checked whether any participants gave the
same response to all items or had an average response time faster than
would be meaningful (<200 ms). No participants were removed for
either of these criteria.

Materials

Our stimuli consisted of nonword recordings taken from the Auditory
English Lexicon Project (Goh et al., 2020). In particular, we used non-
words spoken by an American Female speaker. From the roughly 10,000
candidate nonwords we selected those with three or fewer syllables, 10
or fewer letters, and six or fewer phonemes. This was in order to
reasonably allow each phoneme to have an effect on judgments. This
resulted in a stimulus set of 5,457 stimuli.

Procedure

Participants took part online through the experiment platform
Gorilla (https://gorilla.sc/). Each participant rated one of 55 randomly
created stimulus lists, each containing 100 nonwords. We limited the
number of nonwords that each participant rated to avoid participant
fatigue. Participants were presented with instructions modified from
Warriner et al. (2013):

You will see and hear 100 different invented, meaningless words.
Even though they are meaningless, you will use a scale to rate the
feeling you get from each word.

The scale ranges from 1 (excitement) to 9 (calm).

At one extreme of this scale, the word evokes a feeling of being
stimulated, excited, frenzied, jittery, wide-awake, or aroused. When
a word completely gives off this feeling, you should choose a rating
of 1.

The other end of the scale is when the word evokes a feeling of being
relaxed, calm, sluggish, dull, sleepy, or unaroused. When a word
completely gives off this feeling, you should choose a rating of 9.
The numbers also allow you to describe intermediate feelings of
excitement/calm by selecting any of the other numbers.

If a word feels completely neutral, not excited nor at all calm select
the middle of the scale (rating 5).

Nonwords were presented one at a time. Each rating trial began with
a 500-millisecond blank screen. Then a nonword recording began
playing as the word appeared onscreen. The word remained onscreen for
3000 ms (longer than the duration of any audio file). This was then
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replaced by a screen which asked the participant to “Please rate the
word’s association from 1 (excitement) to 9 (calm).” Participants made
their response via keyboard press. Following this, participants pressed
the space bar to begin the next trial. Nonwords were presented in a
random order. We used this rating scale to align with arousal ratings in
Warriner et al. (2013), which was to be used in subsequent experiments.
However, because it is more intuitive, scores in Warriner et al. and the
present study are reversed going forward such that higher scores indi-
cate more exciting ratings, and lower scores indicate more calming
ratings. After the 100 trials each participant received an attention check
which presented a nonword onscreen but whose audio asked partici-
pants to press “0”.

We took an approach used elsewhere (Westbury et al., 2018) in
which we included many nonwords, though each was only rated on
arousal a small number of times (1,400 rated once, 3,459 rated twice,
499 rated three times, and 99 rated four times). Our interest was in the
relationship between specific phonemes and ratings of arousal. With this
approach, each phoneme was rated many times, in different nonword
contexts. Thus, no single nonword determined the results. In total, there
were 10,211 ratings for analysis.

Results

Data and analysis code for all experiments can be found here: htt
ps://osf.io/ptfqy/. We first transcribed nonwords phonetically, begin-
ning with existing transcriptions in the AELP database. A trained linguist
reviewed these transcriptions and made corrections when necessary (for
728 nonwords). Nonwords were coded based on whether they contained
each candidate phoneme (see Table 1). We then used the presence of
each phoneme as predictors of nonword arousal rating. We excluded a
given phoneme from further analysis if it appeared less than 100 times in
the dataset (/u/, /3/, /8/, /ua/ were excluded in this way). We also
collapsed /ir/, /ur/ and /ar/ into a single predictor for all r-coloured
vowels. Finally, we included several control variables for each nonword:
number of phonemes, number of syllables, and phonological Lev-
enshtein distance (Yarkoni et al., 2008). Because of the high correlation
among these variables (r’s > 0.66), they were reduced to a single
component (henceforth Phonological Component) using principal com-
ponents analysis (loadings > 0.74). Nonword ratings were standardized
within each participant and analyses were conducted at the level of
individual ratings.

The data were analyzed using least absolute shrinkage selection
operator (LASSO) regression (see Friedman et al., 2010). This analysis
finds regression coefficients that minimize the sum of squared residuals
and the sum of the absolute values of all coefficients, by multiplying the
summed absolute coefficient values by a value lambda, which is deter-
mined via cross-validation and included in the model as error. We used
an Adaptive LASSO (using the “glmnet” package in R; Friedman et al.,
2010) which tunes the value of lambda for each of the predictors
separately (see Zou, 2006). We used a common definition of lambda as
the largest value of lambda that results in a model with mean cross-

Table 1
Phonemes used in stimuli transcriptions.

Phoneme category Phonemes

Monophthong vowels
Diphthong vowels

/i, 1, € @,9,Uu,U, A, 0,0/
/€1, a1, ou, J1I, auv, 18, Us/

R coloured vowels /er, ir, ur/
Voiceless stops /p, t, k/
Voiced stops /b, d, g/
Voiceless fricatives and affricates /£,6,s, [, h, tf/
Voiced fricatives and affricates /v, 0,2, 3,d3/

Sonorants /m,n,n, 1,1, w,j/

Note. The phonemes /v/, /3/, /8/, and /us8/ were removed as predictors because
they appeared less than 100 times in the stimuli. The r coloured vowels /ar/, /ir/
, and /ur/ were combined into a single predictor.
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validated error within one standard error of the minimum (Friedman
et al., 2010). LASSO models are conservative with regards to large co-
efficient values and guard against overfitting, with many predictor co-
efficients being shrunk to zero. Our Phonological Component control
variable was forced into the model by setting its lambda value to 0. This
approach has been used in previous similar analyses of sound symbolism
(see Sidhu et al., 2021).

The results of this analysis can be seen in Table 2. Positive values
indicate a phoneme’s presence predicts a more “exciting” rating; nega-
tive values predict a more “calming” rating. The results indicate that the
presence of /t/, /k/, /N, /I/, /p/, /i/, /1/ and /t/ makes a nonword
sound more exciting, while the presence of /u/, /2/, /1/, /m/, /n/ and
/ou/ makes a nonword sound more calming. The phonological compo-
nent control variable had a positive coefficient, indicating that longer
and more phonologically distinct words were also rated as more
exciting.

Analysis of Warriner et al. norms

Before continuing to Experiment 2, to help constrain our interpre-
tation of future experiments, we examined the extent to which the
presence of any phonemes are predictive of arousal in the English
lexicon. That is, whether the English lexicon demonstrates systematicity
with regards to arousal. To that end, we ran a version of the above
analysis predicting standardized arousal ratings of real words in the
Warriner et al. (2013) norms. Our predictors were again the presence of
each phoneme in a given word. For the sake of comparison, we again
omitted /v/, /3/, /8/, and /ua/; and collapsed /ir/, /ur/ and /or/ into a
single predictor for all r-coloured vowels. We also included number of
phonemes, number of syllables, and phonological Levenshtein distance
(Yarkoni et al., 2008) as control variables. As with the nonwords, there
was a high correlation among these variables (r’s > 0.79), and so they
were reduced to a single Phonological Component (loadings > 0.89).
The analysis included a total of 12,438 items.

All phoneme predictors were shrunk to zero in this model, indicating
that none of them were a significant predictor of arousal ratings. As was
the case with nonwords in Experiment 1, the Phonological Component
was a significant positive predictor (b = 0.11), indicating that longer and
more phonologically distinct words tend to be more exciting. We also
ran versions of this analysis on verbs (n = 1,673), adjectives (n = 2,860)
and nouns (7,830) alone. All phoneme predictors were shrunk to zero,
with the exception of /y/ in the prediction of adjectives (b = 0.03).

We also conducted a version which only included words at the
extreme ends of arousal (i.e., >1 SD above or below the mean; n =
3,946). With this approach 11 phoneme predictors are retained: /v, 01, [,

Table 2
Results of the LASSO analysis predicting nonword rating.

Predictor Coefficient Nonwords Containing
/t/ 0.240 370
/k/ 0.15 2,023
/N 0.059 646
Phonological component 0.058

/N 0.048 499
/p/ 0.035 1,800
/1/ 0.018 2,146
/i/ 0.017 1,324
/t/ 0.013 2,538
/3/ —0.028 577
/u/ —0.049 1,409
/ou/ —0.057 1,582
/n/ —0.087 2,499
/m/ -0.1 1,928
/1/ —-0.105 2,725

Note. Positive coefficients predict an exciting rating; negative coefficients pre-
dict a calm rating. Candidate predictors which had their coefficients shrunk to
zero were: /&, €, Q, 9, €1, AL, 91, av, 19, b, d, d3, f, g, h, r, s, v, w, z, 0, 1, j/ and the
single predictor for the r-coloured vowels.
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h, 1, z, d3, s, e1/ as predictors of high arousal and /ou, 1/ as predictors of
low arousal. See Online Supplementary Material for coefficients. While
the results are sensible, we are hesitant to interpret them given the
possibility that they are an artifact of eliminating the middle of the
dependent variable scale. In addition, only four predictors overlap with
those discovered in nonwords.

Discussion

This experiment revealed an association between 14 phonemes and
high or low emotional arousal. This is the first demonstration of
phoneme-arousal associations (i.e., arousal sound symbolism) using a
large-scale set of nonword ratings. Thus, it serves as the first quantifi-
cation of arousal sound symbolism, done at the phoneme level (see
Aryani et al., 2018 for a demonstration at the acoustic level). Impor-
tantly, penalized regression is conservative with regards to over-fitting.
Indeed, 28 other phoneme predictors had their coefficients “shrunk” to
zero. Thus, the resulting coefficients are not merely a product of the
large sample size. The general pattern in our results was that voiceless
stops (i.e., /p/, /t/ and /k/) were associated with excitement, while
nasal sonorants (i.e., /1/, /m/ and /n/) were associated with calmness.
Further, the sibilants /[/ and /t[/ were both also associated with
excitement. In addition, the shorter vowels /1/ and /A/ were associated
with excitement, while the longer vowels /ou/, /9/ and /u/ were asso-
ciated with calmness. The one exception to this pattern was that the long
vowel /i/ was associated with excitement. This could suggest a different
underlying mechanism for this phoneme, perhaps based on pitch.
Notably, these results are consistent with those of Aryani et al. (2018) in
a sample of German-speakers. Importantly, these associations do not
appear to be learned from systematicity, as they were not present in a set
of English words rated on their emotional arousal, at least when the
entire range of emotional arousal is examined. Next, we used the co-
efficients we generated from nonword ratings to select real words whose
sounds are congruent, neutral or incongruent with their meanings, to be
used in a semantic decision and recall task.

Experiment 2

In Experiment 2, we examined whether participants would respond
faster and more accurately during semantic processing to words whose
sounds were congruent with their meanings in terms of emotional
arousal. In addition, we examined whether congruent words would be
more likely to be recalled. We also explored whether individual differ-
ences in anxiety would moderate any of these effects.

Method

Participants

Participants were 53 undergraduate students from Carleton Univer-
sity (31 female, 18 male, 2 non-binary, one trans male, one unknown;
Mpge = 19.9, SDage = 3.8). We based our sample size on Brysbaert and
Stevens (2018) suggestion of 1,600 observations per cell. Here we had
40 items per cell (see below), thus leading to the target of 40 partici-
pants. After reaching 40 participants we continued collecting data based
on convenience sampling in case any participants needed to be
excluded. Participants received course credit. All participants reported
fluency in English and normal to corrected normal vision.

Materials

To develop a list of stimuli for this study, we began with the 13,915
words from the Warriner et al. (2013) emotional word rating norms.
Henceforth we refer to each word’s arousal rating in these norms as its
meaning score. We quantified the emotional arousal of each word’s sound
using the coefficients generated in Experiment 1 (see Table 1). Each
word was transcribed into its component phonemes. We summed the
coefficients for each phoneme in a given word and then divided this by
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the number of phonemes in the word. Phonemes without an associated
coefficient were treated as having a coefficient of 0. See Fig. 1. Hence-
forth we refer to this as a word’s sound score.

We used meaning and sound scores to select our items. Meaning and
sound scores were standardized, and scores above 1.25 were considered
exciting, while scores below —1.25 were considered calming, and sound
scores between —0.25 and 0.25 were considered neutral. These thresh-
olds were a trade-off between being extreme enough to be considered
exciting or calming, while also providing sufficient candidates for
matching. Using meaning and sound scores, we selected 40 words in
each of the following groups, words with an exciting sound with exciting
meaning, calming sound with exciting meaning, neutral sound with
exciting meaning, exciting sound with calming meaning, calming sound
with calming meaning, and neutral sound with calming meaning. Words
in each group were matched (p’s > 0.11; see Online Supplementary
Material for a list of t-tests with a p value < 0.40) on number of letters,
number of phonemes, orthographic Levenshtein distance (Yarkoni et al.,
2008), concreteness (Brysbaert et al., 2014), subtitle word frequency
(Brysbaert & New, 2009), and valence (Warriner et al., 2013). In addi-
tion, groups of the same meaning or sound type (e.g., words with

“exciting meaning and calming sound”, “exciting meaning and exciting
sound” are of the same meaning type) were matched on the dimension
that they share (e.g., all groups with an exciting meaning were matched
on their meaning scores). See Table 3 for example words, and Table 4 for
means of control variables in each word type.

We also included two measures of participant anxiety. To measure
state anxiety, we used the state items from the State-Trait Anxiety In-
ventory (Spielberger, 1983). This consists of 20 statements (e.g., “I feel
tense”) that participants rate in terms of their endorsement on a scale
from 1 (“Not at all”) to 4 (“Very much so”). This was followed by the
General Anxiety Disorder 7 questionnaire which consists of seven items
(e.g., “Feeling nervous, anxious or on edge”; Spitzer et al., 2006). Par-
ticipants self-rated how often they felt the specific way on a scale from
0 (“Not at all”) to 3 (“Nearly every day”). This was designed to measure
how often the participant exhibited each anxiety symptom over the last
two weeks and is used to identify probable cases of generalized anxiety
disorder.

Procedure

The study was conducted in person using PsychoPy and Qualtrics
experimental platforms. Participants first completed a semantic decision
task using PsychoPy. Words were presented on screen one at a time, and
participants were instructed to decide whether each word was
emotionally exciting or calming. The definitions of these categories
presented to participants were modified from the Warriner et al. (2013)
norms. Exciting words were described as evoking the feeling of being
stimulated, excited etc.; calming words were described as evoking the
feeling of being relaxed, calm etc.

Participants made their responses via keyboard press, using the keys
‘P’ and ‘Q’. Key assignment was counterbalanced across participants.
Participants had two sets of six item practice trials, one untimed and one
timed, before beginning the task proper. Each trial began with a fixation

crush

/1N

It/ Ial Il

\Jll

0.15+0.00 +0.06 + 0.05=0.26

Sound Score: 0.26 + 4=10.07

Fig. 1. Example calculation of a word’s sound score. Positive values indicate
more exciting sounds.
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Table 3
Example items of each word type.

Meaning type Exciting sound Neutral sound Calming sound

Exciting Meaning
Calming Meaning

cocktail, shock
cabbage, park

alarm, ammo
lily, snail

bang, voyage
beige, swab

Note. Meaning is based on ratings in Warriner et al. (2013). Sound is based on the
average coefficient (from Experiment 1) of each phoneme in a word.

Table 4
Mean (SD) of matching variables for each word type.
Dimension CMCS CMES CMNS EMCS EMES EMNS
Number of 5.72 5.65 5.58 5.75 5.80 5.95
letters (1.65) (1.59) (1.77) (1.68) (1.64) (1.58)
Number of 4.60 4.42 4.72 4.50 4.65 4.80
phonemes (1.39) (1.39) (1.55) (1.41) (1.33) (1.47)
OLD 2.03 2.03 2.01 2.21 211 2.12
(0.72) (0.71) (0.66) (0.80) (0.79) (0.68)
Concreteness 3.78 3.95 3.71 3.65 3.63 3.65
(1.04) (0.88) (0.98) (0.98) (0.90) (1.01)
Frequency 2.28 2.24 2.27 2.34 2.43 2.36
(0.70) (0.68) (0.72) (0.63) (0.71) (0.75)
Valence 5.29 5.47 5.35 5.28 5.35 5.40
(0.87) (0.85) (0.85) (1.29) (1.26) (1.25)
Arousal 2.83 2.85 2.84 5.71 5.77 5.78
(0.19) (0.16) (0.19) (0.36) (0.44) (0.30)
Sound score —0.04 0.05 —0.00 —0.04 0.05 —0.00

Note. CMCS, for example, is Calming Meaning and Calming Sound.

cross for 1.5 seconds. This was then replaced by a word which remained
onscreen for 1.5 s or until a response was made. This was the same time
limit used by Aryani and Jacobs (2018). Participants were instructed to
respond as quickly and as accurately as possible. A response from the
participant began the next trial. The presentation of words was
randomized.

Following the semantic decision task, participants were given a filler
task in which they solved 10 addition problems. Following this, they
took part in a free recall task in which they were given five minutes to
recall as many words as they could from the semantic decision task.
They typed their answers into a response window.

Participants were then asked to fill the Spielberg State-Trait Anxiety
Index (Sydeman, 2018) and the General Anxiety Disorder 7 question-
naire (Spitzer et al., 2006). The participants were made aware that the
questions were only being used for research purposes, and not for
diagnosis. Finally, they were also asked to complete a demographic
questionnaire including age, gender, languages spoken and English
fluency. The recall task and questionnaires were completed through a
desktop version of Qualtrics.

Results

All analyses were performed using the R statistical software (R Core
Team, 2021), using the packages “Ilme4” (Bates et al., 2015) and “afex”
(Singmann et al., 2016). Analyses consisted of mixed effects models. In
the analyses, responses were considered correct in the semantic decision
task if the response selection (e.g., exciting) matched the meaning type
as defined by the Warriner et al. (2013) arousal norms, although we
acknowledge that this operationalization of accuracy does not consider
the subjectivity of affective judgements, which may vary across in-
dividuals (see Aryani & Jacobs, 2018).

Reaction time

In the analysis of reaction time we removed all incorrect responses
(29.83% of trials), trials on which participants did not respond before
the deadline (4.24% of trials) and trials with response times less than
200 ms (0.04% of trials). Our analysis consisted of a linear mixed effects
model. The dependent variable was response time in milliseconds. Our



D.M. Sidhu et al.

predictor of interest was word type, based on the congruence between a
word’s meaning and its sound. The levels of word type were congruent
(exciting meaning/exciting sound, calming meaning/calming sound),
incongruent (exciting meaning/calming sound, calming meaning/
exciting sound) and neutral (exciting meaning/neutral sound, calming
meaning/neutral sound). Word type was dummy coded with congruent
words as the reference level. We also included subtitle word frequency
(Brysbaert & New, 2009), number of letters, orthographic Levenshtein
distance (Yarkoni et al., 2008), concreteness (Brysbaert et al., 2014),
valence, valence extremity (i.e., absolute distance from midpoint) and
arousal (Warriner et al., 2013), as control variables. All continuous
variables were standardized. In addition, we included random subject
and item intercepts, as well as a random subject slope for word type. In
order to deal with convergence issues, here and in all analyses, we
attempted the following remedies: increasing the number of iterations,
switching to the “bobyqa” optimizer, removing the correlation between
the random subject intercept and slope, individually removing the
random slopes (beginning with the one with the lowest associated
variance), and individually removing the random intercepts (beginning
with the one with the lowest associated variance; see Brauer & Curtin,
2018; Meteyard & Davies, 2020).

Our results indicated that congruent words were responded to
significantly faster than incongruent words (b = 22.11, p = .008).
However, this effect was not significant when comparing to neutral
words (b =15.78, p = .053). See Table 5 and Fig. 2. Responses were also
faster for more frequent (b = —9.49, p = .03) and shorter words (b =
26.92, p = .001), as well as words with a more exciting meaning (b =
—16.32,p < .001). A supplementary analysis using incongruent words as
the reference level found no difference between response times to
incongruent and neutral words (b = 6.33, p = .45).

Table 5
Results of the mixed effects linear regression for predicting reaction time in
Experiment 2.
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Fig. 2. Average reaction time by meaning and sound type in Experiment 2.
Note. Dotted bars are congruent pairings, lined bars are incongruent pairings.
The plot shows averages by subject.

In a supplementary analysis, we ran a version of the model that also
included an interaction between word type and each word’s meaning
score, to examine whether congruency might affect exciting or calming
words differently. This model found no significant interactions (p’s >
.45). Finally, we ran a version of the model that included an interaction
between word type and each participant’s state anxiety and generalized
anxiety scores. These models also found no significant interactions (p’s
>, 21).

Accuracy

In the analysis of accuracy we removed trials on which participants
failed to respond before the deadline (4.24% of trials)” as these may
reflect a different process than providing an incorrect response (see
Scaltritti et al., 2025). We also removed trials with response times less
than 200 ms (0.04% of trials). The analyses followed the same approach
as those of reaction time, except that they consisted of a logistic mixed
effects regression in which the dependent variable was whether the
participant responded correctly on a given trial. Our results indicated
that congruent words were responded to significantly more accurately
than incongruent words (b = —0.35, p < .001), but not neutral words (b
= —0.11, p = .28). See Table 6 and Fig. 3. Responses were also more
accurate to more frequent words (b = 0.14, p = .009). A supplementary
analysis using incongruent words as the reference level found that they
were responded to significantly less accurately than neutral words (b =

In a supplementary analysis we ran a version of the model that also
included an interaction between word type and meaning score, to
examine whether the results might only be observed for exciting or
calming meanings. This model found no significant interaction (p’s >
.34). Finally, we ran an exploratory model that included an interaction
between word type and each participant’s state anxiety and generalized
anxiety disorder scores. This model also found no significant in-
teractions (p’s > .12).3

2 The pattern for these failures to respond matched the overall pattern in the
data, with a failure to respond before the deadline on 2.06% of congruent trials,
2.38% of neutral trials, and 2.30% of incongruent trials.

Fixed effect B B (95% CI) SE t P
Intercept 860.208 15.809 54.41 < .001***
Word type 22.109 0.05 (0.01, 8.197 2.697 .008**
(incongruent vs 0.08)
congruent)
Word type (neutral 15.778 0.03 (0.00, 8.093 1.949 .053
Vs congruent) 0.07)
Frequency —9.492 —0.04 4.271 —2.222 .027*
(—0.08,
—0.01)
Number of letters 26.924 0.12 (0.05, 8.106 3.321 .001%*
0.20)
Number of —2.886 —0.01 5.99 —0.481 .63
phonemes (-0.07,
0.04)
Orthographic —3.893 —0.02 7.864  —0.481 631 0.24, p = .02).
levenshtein (—0.09,
distance 0.05)
Concreteness 0.299 0.00 3.537 0.085 1932
(—0.03,
0.03)
Valence 2.564 0.01 4.039 0.635 .526
(-0.02,
0.05)
Valence extremity —6.561 —0.03 4.227 —1.552 122
(—0.07,
0.01)
Arousal —16.321 —0.07 3.625 —4.502 < .001***
(-0.11,
—0.04)
Random effect SD
Word intercept 40.246
Participant 107.399
intercept

Note. * p < .05, ** p < .01, *** p < .001.

3 Interestingly, in a model that did not include an interaction, we found that
participants scoring higher in Generalized Anxiety responded more accurately
(b =0.13, p = .01).
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Table 6

Results of the mixed effects logistic regression for predicting accuracy in Experiment 2.
Fixed effect B exp(B) APercentage SE Wald’s z P
Intercept 1.031 2.803 0.088 11.645 < .001%***
Word type (incongruent vs congruent) —0.353 0.699 —7.358 0.104 —3.402 <.001%***
Word type (neutral vs congruent) —0.112 0.894 —2.216 0.103 -1.079 .28
Frequency 0.141 1.151 2.92 0.054 2.618 .009**
Number of letters —0.062 0.940 —-1.279 0.103 —0.603 547
Number of phonemes 0.015 1.015 0.306 0.076 0.195 .845
Orthographic levenshtein distance 0.056 1.058 1.165 0.099 0.569 .569
Concreteness —0.054 0.948 —1.105 0.044 —1.206 .228
Valence —0.094 0.948 —1.946 0.051 —1.846 .065
Valence extremity —0.017 0.983 —0.354 0.053 —0.322 748
Arousal —0.061 0.941 —1.265 0.045 —1.348 178
Random effect SD
Word intercept 0.563
Participant intercept 0.361

Note. * p < .05, ** p < .01, *** p < .001.

Recall

These analyses were also conducted using logistic mixed effects re-
gressions, as opposed to ANOVAs which are more common in analyzing
recall data.* We did this to be able to include lexical semantic control
variables. Our dependent variable was whether a given word was
recalled correctly by a participant at test. Thus, there were 240 data
points per participant, with each being scored as a 0 (“not correctly
recalled”) or a 1 (“correctly recalled”). One participant was excluded
from the analysis due to incomplete data. We took a conservative
approach to the data and did not consider a word as correctly recalled if
it was misspelled in any way. Our approach to the analysis was identical
to that of accuracy. The results indicated that congruent words were
significantly more likely to be correctly recalled than incongruent words
(b = —0.41, p < .03), but not neutral words (b = —0.26, p = .15). See
Table 7 and Fig. 4. Participants were also more likely to correctly recall
more frequent (b = 0.24, p = .01), concrete (b = 0.22, p = .005) and
exciting words (b = 0.34, p < .001). A supplementary analysis using
incongruent words as the reference level found that they were no less
likely to be recalled correctly than neutral words (b = 0.15, p = .42).

In a supplementary analysis we ran a version of the model that also
included an interaction between word type and meaning score, to
examine whether the results might only be observed for exciting or
calming meanings. This model found no significant interaction (p’s >
.31). Finally, we ran an exploratory model that included an interaction
between word type and each participant’s state anxiety and generalized
anxiety disorder scale scores. This model also found no significant in-
teractions (p’s > .25).

Discussion

Our results indicated that iconically congruent words were processed
faster and more accurately than incongruent words. Congruent words
were also more likely to be recalled correctly. These results showed
evidence of interference in response accuracy (incongruent words were
responded to less accurately than neutral words). None of these effects
interacted with individual measures of anxiety. Nevertheless, these re-
sults replicate those of Aryani and Jacobs (2018) in an English-speaking
population, and extend the behavioural effects of iconicity to recall.

4 However, the pattern of results are largely identical with a traditional one-
way repeated measures ANOVA. It revealed a significant effect of word type (F
[1.95, 99.41] = 11.02, p < .001). Post hoc analyses using estimated marginal
means revealed that participants recalled more congruent words than either
than incongruent words, t(51) = 4.49, p < .001, or neutral words, t(51) = 1.02,
p = .006. There was not a significant difference between incongruent words and
neutral words, t(51) = 1.56, p = .13 .

It is important to note many words rated highest in excitement in
Warriner et al. (2013) are taboo in nature. Though we attempted to
exclude as many of these as possible when creating our word lists,
several taboo words were included. These were “erect” (congruent),
“kinky” (congruent), “nude” (incongruent) and “vibrator” (neutral).
Importantly, “erect”, “kinky” and “vibrator” were the three words
recalled correctly the most often (recalled correctly by 19/53 partici-
pants), consistent with previous work showing better memory for taboo
items (Jay et al., 2008). Because two of the four taboo words were
congruent, we performed an analysis which excluded them, to examine
whether this confound was responsible for the observed recall effect.
When excluding taboo words from the recall analysis, the significant
difference between congruent and incongruent words was not signifi-
cant (b = —0.31, p = .06). Removing these words from reaction time and
accuracy analyses did not change the results. Nevertheless, in Experi-
ment 3 we ran a replication of the current study after replacing these
taboo items.

Experiment 3

We conducted a replication of Experiment 2 after replacing the four
taboo items from that experiment. In addition, because we did not find
any evidence that measures of anxiety moderated the effect, we included
measures of other potential moderators: personality and processing

style.
Method

Participants

We used the results of Experiment 2 to conduct an a priori power
analysis specifically for our main effect of interest: reaction time on the
semantic decision task. This was done using the “mixedpower” package
in R to simulate data at different sample sizes based on Experiment 1
(Kumle et al., 2021). This revealed that with 110 participants we would
have .99 power to detect the effect of word type for congruent vs.
incongruent words, and .88 power for congruent vs. neutral words. We
aimed for this sample size but only reached 109 given the time con-
straints of the semester. These were undergraduate students from Car-
leton University (68 female, 37 male, three non-binary, one trans man;
Mpge = 19.34, SDage = 3.84). One participant who repeated part of the
experiment due to experimenter error was removed. Participants
received course credit. All participants reported fluency in English and
normal to corrected normal vision.

Materials
Our list of stimuli was the same as in Experiment 2, except that we

LIS

replaced the four taboo items (“erect”, “kinky”, “nude” and “vibrator”)
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Fig. 3. Average accuracy by meaning and sound type in Experiment 2. Note. Dotted bars are congruent pairings, lined bars are incongruent pairings. The plot shows

averages by subject.

with words of the same sound and meaning type. We also improved the
item set by replacing three words that shared a stem with others on the
list (“actuality”, “match” and “sale”; which shared stems with “actual”,
“matching” and “salesman”, respectively). After replacement, words in
each group were still matched on the same dimensions as in Experiment
2 (p’s > 0.12; see Online Supplementary Material for a list of t-tests with
a p value < 0.40).

Given the fact that our measures of anxiety did not interact with any
relevant predictors, we did not include them. Instead, we included a
measure of Emotionality, one factor in the HEXACO model of person-
ality (Lee & Ashton, 2008), which measures the extent to which in-
dividuals feel fear and anxiety, and feel empathy and sentimental
attachments towards others. In particular, participants rated the extent
to which they agree with 10 statements about themselves (e.g., “I feel
like crying when I see other people crying.”), on a scale from 1
(“Strongly Disagree”) to 5 (“Strongly Agree™). In addition, we included
the Internal Representations Questionnaire (IRQ; Roebuck & Lupyan,
2020). This consists of 36 statements that together tap into four non-
orthogonal “modes of thinking”. Our particular interest was in the ver-
bal dimension (i.e., the tendency to experience thought in an inner
voice). Participants responded to each statement on a scale from 1
(“Strongly Disagree”) to 5 (“Strongly Agree”).

Procedure

The procedures for the semantic decision and recall tasks were the
same as in Experiment 2. Following these tasks participants completed
the IRQ and Emotionality questions.

Results
Our analysis approach was the same as in Experiment 2.

Reaction time

In the analysis of reaction time we removed all incorrect responses
(30.10% of trials), trials on which participants did not respond before
the deadline (3.81% of trials) and trials with response times less than
200 ms (0.03% of trials). Our results indicated that congruent words
were responded to significantly faster than incongruent words (b =
26.17, p < .001), and neutral words (b = 16.25, p = .021). See Table 8
and Fig. 5. Responses were also faster for more frequent (b = —13.99, p
< .001) and shorter words (b = 17.60, p = .012), as well as words with a
more exciting meaning (b = —18.43, p < .001). A supplementary anal-
ysis using incongruent words as the reference level found no difference

between response times to incongruent and neutral words (b = —9.92, p
=.17).

In a supplementary analysis, we ran a version of the model that also
included an interaction between word type and each word’s meaning
score, to examine whether congruency might affect exciting or calming
words differently. This model found no significant interactions (p’s >
.87). We also ran a version of the model that included an interaction
between word type and participants’ scores on the verbal subscale of the
IRQ. This model found no significant interactions (p’s > .19). Finally, we
ran an exploratory model that included an interaction between word
type and participants’ Emotionality. This model found no significant
interactions (p’s > .09).

Nevertheless, we proceeded with an analysis of the three-way
interaction with participant Emotionality, word type, meaning score,
and all two-way interactions.” This revealed a significant three-way
interaction between Emotionality, word type (congruent vs. neutral)
and meaning score (b = 8.47, p = .009), see Fig. 6. We followed this up
using estimated marginal means and pairwise comparisons of high (SD
= 2) and low values (SD = —2) of meaning score and Emotionality. This
revealed an effect of emotional iconicity for exciting words for those
high in Emotionality (b = —56.80, p = .008), while iconicity for calming
words had an effect for those low in Emotionality (b = —43.20, p = .04).
In addition, there was an effect of iconic incongruence for exciting words
for those low in Emotionality (b = —62.87, p = .005).

We next removed the three-way interaction to allow interpretation of
two-way interactions. This revealed a significant two-way interaction
between meaning score and Emotionality (b = —3.12, p = .02), see
Fig. 7. We followed this up by comparing the simple slope of word
meaning for those high (SD = 2) and low (SD = —2) in Emotionality.
This revealed a larger effect of word meaning for those high in
Emotionality (b = —98.80, p < .001) than those low in Emotionality (b
= —48.80, p = .004). No other interactions were significant (p’s > .08).

5 Because our power analysis was only for the main effect of word type, we
are likely underpowered to detect three-way interactions. Nevertheless, we
conducted exploratory three-way interactions involving word type, meaning
score, and all individual difference measures. These will only be reported when
the result is significant.
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Table 7

Results of the mixed effects linear regression for predicting recall accuracy in Experiment 2.
Fixed Effect B exp(B) APercentage SE Wald’s z P
Intercept —3.295 0.037 0.146 —22.62 <.001%**
Word Type (Incongruent vs Congruent) —0.412 0.662 -1.311 0.184 —2.236 .025*
Word Type (Neutral vs Congruent) —0.259 0.772 —0.881 0.181 —1.430 153
Frequency 0.243 1.275 0.764 0.095 2.55 .01*
Number of Letters —-0.215 0.807 —0.675 0.187 —1.148 251
Number of Phonemes 0.044 1.045 0.138 0.139 0.316 752
Orthographic Levenshtein Distance 0.238 1.269 0.748 0.179 1.329 184
Concreteness 0.225 1.252 0.707 0.079 2.832 .005**
Valence 0.131 1.140 0.412 0.090 1.45 .147
Valence Extremity —0.015 0.985 —0.048 0.095 —0.162 .872
Arousal 0.336 1.399 1.057 0.080 4.207 <.001***
Random Effect SD
Word Intercept 0.849
Participant Intercept 0.458

Note. * p < .05, ** p < .01, *** p < .001.
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Fig. 4. Average percent recalled by meaning and sound type in Experiment 2.
Note. Dotted bars are congruent pairings, lined bars are incongruent pairings.
The plot shows averages by subject.

Accuracy

In the analysis of accuracy we removed trials on which participants
failed to respond before the deadline (3.81% of trials)® as well as trials
with response times less than 200 ms (3.88% of trials). The analyses
followed the same approach as those of reaction time, except that they
consisted of a logistic mixed effects regression in which the dependent
variable was whether the participant responded correctly on a given
trial. Our results indicated that congruent words were responded to
significantly more accurately than incongruent words (b = —0.43, p <
.001), but not neutral words (b = —0.16, p =.15). See Table 9 and Fig. 8.
Responses were also more accurate to more frequent words (b = 0.23, p
< .001). A supplementary analysis using incongruent words as the
reference level found that they were responded to significantly less
accurately than neutral words (b = 0.27, p = .03).

In a supplementary analysis we ran a version of the model that also
included an interaction between word type and meaning score, to
examine whether the results might only be observed for exciting or
calming meanings. This model found no significant interaction (p’s >

6 The pattern for these failures to respond match the overall pattern in the
data, with a failure to respond before the deadline on 3.53% of congruent trials,
4.30% of neutral trials, and 4.53% of incongruent trials.

.35). Finally, we ran separate versions of the model that included an
interaction between word type and scores on the verbal subscale of the
IRQ or participant’s Emotionality. There were no significant interactions
(p’s > .75).

Recall
Our results indicated that participants were no more likely to recall
congruent words than incongruent words (b = —0.18, p = .22), or

neutral words (b = —0.17, p = .25). See Table 10 and Fig. 9. Participants
were more likely to recall a word if it was more frequent (b = 0.20, p =
.01), shorter in letter length (b = —0.39, p = .01), more orthographically
distinct (b = 0.42, p = .004), more concrete (b = 0.14, p = .03) and with

Table 8
Results of the mixed effects linear regression for predicting reaction time in
Experiment 3.

Fixed effect B B (95% CI) SE t P
Intercept 874.325 10.467 83.527
Word type 26.166 0.06 (0.03, 7.066 3.703  <.001%***
(incongruent vs 0.09)
congruent)
Word type (neutral 16.246 0.04 (0.01, 7.007 2.319 .021*
Vs congruent) 0.07)
Frequency —13.985  —-0.07 3.663 —3.818 < .001***
(-0.10,
—0.03)
Number of letters 17.596 0.08 (0.02, 6.954 2.530 .012*
0.15)
Number of 3.426 0.02 5.134 0.667 .505
Phonemes (—0.03,
0.06)
Orthographic —5.660 —0.03 6.757  —0.838 .403
Levenshtein (—0.09,
Distance 0,04)
Concreteness 2.114 0.01 3.048 0.693 .489
(-0.02,
0.04)
Valence 0.701 0.00 3.494 0.200 .841
(-0.03,
0.04)
Valence extremity —0.593 —0.00 3.698 —0.163 .873
(—0.04,
0.03)
Arousal —18.433  —0.09 3.157 —5.839 < .001***
(-0.12,
—0.06)
Random effect SD
Word Intercept 38.739
Participant 96.008
Intercept

Note. *p < .05, ** p < .01, *** p < .001.
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Fig. 5. Average reaction time by meaning and sound type in Experiment 3. Note. Dotted bars are congruent pairings, lined bars are incongruent pairings. The plot

shows averages by subject.

a more exciting meaning (b = 0.32, p < .001). A supplementary analysis
using incongruent words as the reference level found that their recall
was not any different than neutral words (b = 0.01, p = 0.95).

In a supplementary analysis, we ran a version of the model that also
included an interaction between word type and each word’s meaning
score, to examine whether congruency might affect exciting or calming
words differently. This model found an interaction between the com-
parison of incongruent and congruent words, and word meaning (p =
.002). In order to follow up on this interaction, we examined the effects
of word type separately at high (SD = 2) and low (SD = —2) arousal. This
revealed that congruent calming words were better remembered than
incongruent calming words (b = 1.12, p = .001), but congruent exciting
words were remembered worse than incongruent exciting words (b =
—0.68, p =.034). A more straightforward interpretation of this pattern is
that words with a calming sound were better remembered than words
with exciting sounds.

Finally, we ran separate exploratory models that included an inter-
action between word type and scores on the verbal subscale of the IRQ or
participant’s Emotionality. There were no significant interactions (p’s >
.33). The exploratory three-way interaction between word type, mean-
ing score and Emotionality revealed a significant three-way interaction
(congruent vs. neutral; p = .043). We followed this up using estimated
marginal means and pairwise comparisons of high (SD = 2) and low

Calming Meanings (SD = -2)

values (SD = —2) of meaning score and Emotionality. This revealed an
effect of emotional iconicity for calming words for those low in
Emotionality (b = 1.21, p = .01), while incongruence for calming words
had an effect for those high in Emotionality (b = —1.02, p = .04). Given
the exploratory nature of this analysis and the high p-values we are
hesitant to interpret this any further.

Discussion

The results of Experiment 3 replicate those of Experiment 2 on the
semantic decision task with a much larger sample. Responses to iconic
words were once again facilitated. We found evidence of both facilita-
tion (in reaction time) and interference (in response accuracy). In
addition, we observed that reaction time depended on a participant’s
level of Emotionality. In particular, for words with exciting meanings,
iconicity (relative to neutral words) was facilitative for those high in
Emotionality. Conversely, for words with calming meanings, congruent
words were more facilitative for those low in Emotionality. In addition,
regardless of word meaning, iconicity (relative to incongruent words)
was facilitative for those low in Emotionality. We will return to a more
fulsome interpretation of these interactions in the General Discussion.

Although we found a pattern in which iconicity was facilitative for
the recall of calming words, a more straightforward interpretation of this

Exciting Meanings (SD = 2)
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Fig. 7. Interaction between emotionality and meaning score in the prediction of reaction time. Note. Estimated marginal means plotted.

pattern was that words with calming sounds facilitated recall. Thus, the
prudent interpretation is that Experiment 3 did not find evidence of
iconicity affecting recall. In order to investigate the relationship be-
tween arousal iconicity and recall more fully, we next made use of an
existing megastudy dataset. This also allowed us to examine whether
iconicity would affect recall when words were not first categorized
based on their emotion.

Recall megastudy analysis

To examine if the effects of emotional iconicity on recall generalize
beyond our particular wordlists, and without a preceding emotional
categorization task, we examined emotional iconicity in a recall memory
megastudy dataset. In particular, we used the Penn Electrophysiology of
Encoding and Retrieval Study (PEERS; available at: http://memory.psy
ch.upenn.edu/Penn_Electrophysiology_of Encoding and_Retrieval_
Study). The particular datasets that we analyzed were processed and
organized by Madan (2021). The PEERS dataset includes data from
several experiments in which participants were presented with lists of 16
items, followed by a 75 s recall interval. During encoding, participants
were asked to make a size judgment, an animacy judgment, or were not

12

given an encoding task (for more details, see Healey & Kahana, 2014;
Lohnas & Kahana, 2013; Long et al., 2015). Here we collapsed across all
encoding conditions and analyzed the overall recall probability for each
word.

We first identified words that would have been categorized into each
of the three categories from Experiment 2. There were 138 such words:
40 congruent, 54 neutral, and 44 incongruent. We then ran a multiple
regression with probability of recall as the dependent variable, and the
same predictors as in previous analyses. This revealed that congruent
words were more likely to be recalled than incongruent words (b =
—0.05, p = .002) or neutral words (b = —0.04, p = .01).” Words were
also more likely to be recalled if they were more concrete (b = 0.01,p =
.03) and had an extreme valence (i.e., extremely positive or negative; b
= 0.02, p = .03). See Table 11. A supplementary analysis using incon-
gruent words as the reference level found that their recall was not any
different than neutral words (b = 0.01, p = .39). Supplementary analyses
also indicated that these effects did not interact with word meaning
score (p’s > .53).

7 These patterns remained after removing the one taboo word “breast”.
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Table 9

Results of the mixed effects logistic regression for predicting accuracy in Experiment 3.
Fixed effect B exp(B) APercentage SE Wald’s z P
Intercept 1.315 3.725 0.092 14.336 < .001%***
Word type (incongruent vs congruent) —0.434 0.648 -8.115 0.119 —3.642 < .001%***
Word type (neutral vs congruent) —0.168 0.845 —2.936 0.115 —1.456 .146
Frequency 0.228 1.256 4.226 0.059 3.829 < .001%***
Number of letters —0.011 0.989 —0.201 0.113 —0.095 1924
Number of phonemes —0.012 0.988 —0.224 0.084 —0.144 .885
Orthographic levenshtein distance 0.112 1.119 2.085 0.109 1.024 .306
Concreteness —0.055 0.947 -1.014 0.049 -1.112 .266
Valence —0.07 0.933 —1.305 0.057 —1.242 .214
Valence extremity —0.071 0.932 —1.306 0.059 -1.176 .239
Arousal —0.041 0.960 —0.759 0.052 —0.804 422
Random effect SD r
Word Intercept 0.680
Participant Intercept 0.437
Word Type (Incongruent) Slope 0.312 —0.442
Word Type (Neutral) Slope 0.028 —0.472 .848

Note. * p < .05, ** p < .01, *** p < .001.

2021). In particular, we multiplied standardized meaning and sound

100 scores. This results in positive ratings when both scores are either pos-
itive or negative (i.e., congruent), and negative scores when scores are
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In order to make use of the large number of words in the megastudy Fig. 9. Average percent recalled by meaning and sound type in Experiment 3.

(i.e., not just words at the extremes), we calculated a derived measure of Note. Dotted bars are congruent pairings, lined bars are incongruent pairings.

iconicity (henceforth derived iconicity) for each word (see Sidhu et al., The plot shows averages by subject.

Table 10

Results of mixed effects logistic regression model predicting recall accuracy in Experiment 3.
Fixed effect B exp(B) APercentage SE Wald’s z p
Intercept —3.166 0.042 0.115 —27.564 < .001***
Word type (incongruent vs congruent) —0.184 0.832 -0.723 0.151 -1.221 .222
Word type (neutral vs congruent) -0.174 0.840 —0.6865 0.149 —-1.160 .246
Frequency 0.201 1.223 0.7727 0.077 2.592 .01**
Number of letters —0.387 0.679 —1.4873 0.151 —2.565 .01*
Number of phonemes —0.020 0.980 —0.0783 0.112 -0.182 .856
Orthographic levenshtein distance 0.416 1.516 1.597 0.145 2.859 .004**
Concreteness 0.141 1.151 0.5403 0.065 2.178 .029*
Valence 0.052 1.053 0.2017 0.073 0.715 474
Valence extremity 0.063 1.065 0.2411 0.077 0.811 417
Arousal 0.317 1.373 1.2175 0.066 4.770 < .001***
Random effect SD
Word intercept 0.799
Participant intercept 0.466

Note. * p < .05, ** p < .01, *** p < .001.
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opposite in sign (i.e., incongruent). This approach has the added appeal
of leading to larger values when either the sound or meaning are
extreme and thus have more potential for iconicity. This approach
captures iconicity along the entire spectrum. We included derived
iconicity as the predictor of interest, along with previously mentioned
control variables. These were available for 1,551 items. This revealed a
significant effect of iconicity such that words that were higher in
iconicity were more likely to be recalled (b = 0.01, p < .001). Words
were also more likely to be recalled if they were more frequent (b = 0.01,
p < .001), contained fewer phonemes (b = —0.01, p = .04), were more
orthographically distinct (i.e., larger OLD; b = 0.02, p < .001), had a
more extreme valence (b = 0.01, p < .001) and were more emotionally
arousing (b =0.01, p < .001). See Table 12 and Fig. 10. A supplementary
analysis indicated that iconicity did not interact with word meaning
score (p = .26).

General discussion

Iconicity refers to a perceived resemblance between form and
meaning. Our particular interest here was in emotional iconicity.
Certain phonemes are perceived as more exciting or calming and when
they appear in words with an exciting or calming meaning, respectively
(e.g., “chaotic”, “lily”), they can be considered iconic. We examined
whether such words would be processed faster and more accurately, and
have a higher chance of being recalled.

The first major contribution of this work was a thorough character-
ization of phoneme-arousal associations (i.e., arousal sound symbolism).
We found that voiceless stops, sibilants, short vowels and the high-front
vowel /i/ were associated with excitement. Conversely nasal sonorants
and long back vowels were associated with calmness. It is notable that
these patterns replicate those that Aryani et al. (2018) found with
German speakers, using a slightly different paradigm. While English and
German are related (both Germanic languages) this nevertheless speaks
to the generalizability of arousal iconicity. We did not find any evidence
of these associations existing in the English lexicon when examining the
entire range of arousal.

The phoneme-arousal associations we observed might arise from
properties of the sounds themselves. For instance, it is notable that nasal
sonorants consist of lower frequency sounds than both voiceless stops
and sibilants, which consist of higher frequency sounds (Lacey et al.,
2020). Back vowels also consist of a lower second formant, while the
high-front vowel /i/ has a higher second format (Kawahara, 2021). This
is consistent with a general association between high pitch and
perceived states of arousal. That is, humans have a tendency to associate
higher pitch vocalizations with higher states of arousal (i.e., “the pitch
rule”; see Schwartz et al., 2024) in both human and non-human vocal-
izations alike. This may arise from the fact that a higher state of arousal
does indeed raise the pitch of vocalizations. Sievers et al. (2019) have
even suggested that higher frequency serves as a multi-sensory code for
high emotional arousal, whether occurring auditorily or visually (e.g., in
the contours of a shape; see also Aryani et al., 2020). Beyond pitch,
Aryani et al. (2018) speculated that the association between short
vowels and excitement may be due to the tendency to take quicker
breaths when one is excited. Thus, phoneme-arousal associations may be
rooted in the acoustic properties of vocalizations in heightened states of
arousal.

In Experiments 2 and 3, we found that iconically congruent words
were processed faster and more accurately on a semantic decision task
(i.e., categorize each word as exciting or calming) as compared to
incongruent words. While several studies have demonstrated that
onomatopoeia are processed faster (Meteyard & Davies, 2020; Sidhu
et al., 2020), the evidence for effects of crossmodal iconicity in language
processing has been mixed (Aryani & Jacobs, 2018; cf. Sidhu & Pexman,
2022). The present results replicate Aryani and Jacobs (2018; with
German stimuli) in an English-speaking population and English words.
While English and German are closely related languages, Schmidtke and
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Conrad (2025) noted the consistent spelling-sound rules in German
made it an ideal language for testing effects of iconicity with visually
presented items. The present results are notable for extending emotional
iconicity effects with visually presented stimuli to English, a language
with less consistent spelling-sound rules (see Goswami et al., 2005). In
addition, the results bolster the claim that emotional iconicity can affect
language processing. They also demonstrate that associations that
emerge in nonword rating tasks can affect the processing of real lan-
guage, helping bridge the gap between sound symbolism studies and
language processing more generally.

In the Introduction we discussed two potential mechanisms by which
the processing of emotionally iconic words may be facilitated. The first
was that congruence between sound and meaning could affect perfor-
mance by facilitating the retrieval of a word’s meaning (i.e., in semantic
processing). In particular, Meteyard et al. (2015; see also Sidhu & Pex-
man, 2022) speculated that iconic words may have special links between
sound and meaning, allowing facilitated retrieval of a word’s semantics.
One way of conceptualizing this is as more direct links between
phonology and semantics, when articulatory or acoustic properties of
phonemes also comprise an emotional experience. This captures the
sense in which phonological features are semantic features (for a recent
proposal involving Semantic Pointer Architecture, see Schmidtke,
2025). The second was that the sound of a word may facilitate/interfere
with making a judgment about its emotion (see Aryani & Jacobs, 2018).
As characterized by Aryani and Jacobs, cues from the sound of a word
may be incorporated into decisions about the semantic content of a
word, either facilitating or interfering with the decision. An extreme
version of this mechanism is that the sound of a word may simply
facilitate a decision of “exciting” or “calm” on a semantic decision task.
Note that these interpretations localize the effect at the level of decision
making, rather than semantic processing. The present results don’t allow
us to conclusively identify the mechanism at play here, but we offer
speculation in the sections that follow. Future studies might use a task
with a different decision category to help adjudicate between these
possibilities.

Table 11
Results of the linear regression predicting recall of congruent, neutral, and
incongruent words in the PEERS dataset.

Predictor B B (95% CI) SE t p
Intercept 0.632 0.011 58.251 < .001%**
Word type -0.049 -0.32 0.016 -3.163 .002%*
(incongruent vs. (—0.53,
congruent) -0.12)
Word type (neutral -0.037 -0.26 0.014  —-2.627 .01*
vs. congruent) (—0.45,
—0.06)
Frequency 0.008 0.11 0.007 1.206 .230
(-0.07,
0.30)
Number of letters 0.010 0.14, 0.016 0.604 .547
(-0.31,
0.59)
Number of phonemes ~ —0.006  —0.08 0.011 —0.522 .603
(—0.40,
0.24)
Orthographic 0.010 0.15 0.014 0.751 454
levenshtein (—0.24,
distance 0.54)
Concreteness 0.013 0.19 (0.01, 0.006 2.145 .034*
0.36)
Valence —0.004 —-0.05 0.006  —0.590 .556
(—0.23,
0.12)
Valence extremity 0.017 0.24 (0.02, 0.008 2.213 .029*
0.45)
Arousal 0.011 0.15 0.007 1.475 143
(—0.05,
0.35)

Note. * p < .05, ** p < .01, *** p < .001.
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Table 12
Results of the linear regression predicting recall of words in the PEERS dataset.
Predictor b B (95% CI) SE t P
Intercept 0.609 0.002 350.128 < .001%**
Iconicity 0.007 0.01 (0.05, 0.002 4.048 < .001%***
0.15)
Frequency 0.012 0.17 (0.11, 0.002 6.253 < .001%**
0.22)
Number of letters —0.001 —0.02 0.005 —0.302 763
(-0.15,
0.11)
Number of —0.008 -0.11 0.004 —2.040 .042*
phonemes (-0.22,
0.00)
Orthographic 0.024 0.33 (0.22, 0.004 6.072 < .001%**
levenshtein 0.44)
distance
Concreteness —0.001 —-0.01 0.002 —0.549 .583
(—0.06,
0.04)
Valence —0.001 —0.02, 0.002 —0.588 .557
(-0.07,
0.04)
Valence extremity 0.009 0.13 (0.07, 0.002 4.705 < .001%**
0.18)
Arousal 0.007 0.1 (0.05, 0.002 3.901 < .001%**
0.15)
Note. * p < .05, ** p < .01, *** p < .001.
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Fig. 10. Recall probability by derived iconicity. Note. Line is the estimated
marginal effect of derived iconicity at mean levels of other variables in
the model.

It is important to note that the recognition memory megastudy we
analyzed did not involve making a decision about emotion during
encoding. Further, because we examined recall rather than recognition
in the mega study and Experiments 2 and 3, the effects we observed in
memory cannot be attributed to facilitated decisions. This is one piece of
evidence that emotional iconicity effects can extend beyond decision
making.

The inclusion of neutral words allowed us insight into whether the
effects were due to facilitation or interference. Interestingly, we
observed facilitation in reaction time, and interference in response ac-
curacy. In other words, iconic congruence sped up responses while
incongruence led participants to the incorrect answer. The finding that
iconic congruence facilitated response time while incongruence did not
show the opposite pattern is consistent with an interpretation that lo-
calizes the effect in semantics. An effect at the level of decision making

15

Journal of Memory and Language 150 (2026) 104769

would have predicted a symmetrical effect. An effect at the level of
processing makes no such prediction. While congruent words are pre-
dicted to have special links between sound and meaning, there is no
expectation for incongruent to have worse links.

Previous studies which have found different patterns in reaction time
and accuracy have speculated that different processes contributed to
either (e.g., Kane & Engle, 2003). We might make the same speculation
here. While faster responses to congruent words may reflect facilitated
retrieval of their meaning, more inaccurate responses to incongruent
items could reflect a decisional effect. It is worth noting that a supple-
mentary analysis combining data from Experiments 2 and 3 found errors
to incongruent items were faster than to neutral items (b = 12.13,p =
.038). This may suggest participants incorporating sound cues (present
in incongruent items but not neutral ones) into their decision-making
process, leading to more confident, and incorrect, responses.

Individual differences

We also hoped to gain insight into whether emotional cues in word
sound have an effect by eliciting emotional experiences in participants.
This is orthogonal to the two mechanisms discussed above—evidence in
favour of experienced emotion would not necessarily rule out either
mechanism. Note that our main goal was to detect main effects of con-
gruency, and thus interactions involving individual differences were
likely underpowered.® Nevertheless, we included several individual
difference measures relating to the experience of emotion. Our results
were mixed. In Experiment 2 we did not observe any evidence of state
anxiety nor Generalized Anxiety Disorder scores interacting with effects
of iconicity. In Experiment 3 we did observe that a participant’s
Emotionality (i.e., the extent to which an individual tends to feel emo-
tions such as fear, anxiety and empathy) moderated the effects of
iconicity. These patterns were nuanced and complex. It seemed that
iconic facilitation (i.e., congruent vs. neutral words) for words with calm
meanings benefited processing time for those lower in Emotionality,
while iconicity in exciting meanings benefited those higher in
Emotionality. We might speculate that iconicity facilitates processing
more so when it reflects an individual’s general tendency towards
emotion and their typical affective state (e.g., high arousal iconicity
facilitated processing for those with a tendency towards strong emo-
tions). We also discovered that incongruency in exciting words was
interfering for those low in Emotionality. Perhaps for these words, in-
dividuals low in Emotionality rely more so on sound cues and are thus
more likely to be led astray. Of course, these findings should be further
explored in a more well powered follow up study that is better able to
detect interactions with individual differences. At the moment, we
cannot say whether effects of emotional iconicity arise due to emotional
experiences elicited by language sounds. It would also be ideal to pair
this task with a measure that can detect emotional experiences on a trial
by trial basis (e.g., measures of pupil dilation or galvanic skin response).

Apart from iconicity, we also observed that those higher in
Emotionality showed a larger reaction time benefit for more exciting
meanings. This seemed to be primarily driven by slower responses to
words with calming meanings, as a person’s Emotionality increased.
When examining the Big Five personality factors, Haro et al. (2024)
found that those higher in Openness showed a larger effect of arousal.
They did not find that any other personality factors had an effect. The
present work is the first that we are aware of to demonstrate an asso-
ciation between Emotionality and arousal. Apart from these in-
teractions, the general facilitation for exciting words is consistent with
some previous work in lexical decision (e.g., Estes & Adelman, 2008;

8 Indeed, a posthoc power analysis using the approach outlined in Kumle
et al. (2021) suggested that our power to detect the one interaction that was
observed in Experiment 3 (i.e., Word Type x Arousal x Emotionality) was only
72.
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Haro et al., 2024). However, it should be noted that the effects of arousal
in lexical decision are inconsistent, with some studies finding faster re-
sponses to calm words (Kuperman et al., 2014).

Effects of iconicity

It is worth contrasting these results with those of Sidhu and Pexman
(2022) who found no effects of size iconicity on a semantic decision task.
The link between phonemes and size may be less direct in nature than
that between phonemes and arousal. For example, the link between /i/
and smallness is typically explained in one of two ways (see Sidhu &
Pexman, 2018). One is that the small amount of open space in the mouth
during articulation is connected with small size in the world through
analogy. The other is that this association is an internalization of a
statistical co-occurrence in the world in which smaller things resonate at
a higher frequency. These may both be less direct than the association
we have studied here, which is believed to result from a more general
communicative association between sound and arousal (e.g., the pitch
rule). Emotional iconicity may be uniquely positioned to affect fast
paced word processing tasks, in contrast to other kinds of iconicity.

A worthwhile consideration is whether the phenomenon described
so far is truly an instance of iconicity, or if it would be better charac-
terized as indexicality. Whereas iconic signals resemble the things they
stand for, indexical signals are “caused or affected by what they stand
for” (p.4, Bateman, 2018). Iconicity and indexicality are both instances
of non-arbitrariness. If certain acoustic properties are caused by feelings
of excitement (i.e., if a person speaks with high pitch when excited),
then these phoneme associations might rather be considered indexes.
While these taxonomical issues are beyond the scope of this paper, if
iconic and indexical relationships lead to different behavioral outcomes
(e.g., differing effects observed with size vs. emotion), then there may be
practical value in such considerations.

We also examined the possibility that these results could arise from
patterns in the English language (i.e., systematicity). For example, if it
were the case that exciting words in English tended to contain the sound
/k/, an internalization of this pattern may have been what facilitated
responses to congruent words (see Adelman et al., 2018; de Zubicaray
et al., 2023; De Zubicaray et al., 2024; Reilly et al., 2012). However,
there was no evidence that any phoneme’s presence was predictive of a
word’s average arousal rating, when examining the entire range of
arousal. This is somewhat surprising, as systematicity has been previ-
ously demonstrated for shape iconicity (Sidhu et al., 2021), size iconicity
(Winter & Perlman, 2021) and texture iconicity (Winter, Soskuthy,
et al., 2022; for a review of iconic-systematicity see Sidhu, 2025). A key
difference may have been that these studies looked for systematicity in
specific kinds of words (e.g., shape iconicity in object nouns),” while
here we looked at the lexicon in general, or at particular parts of speech.
Future work might look for arousal systematicity among action words,
for example. It is also worth noting that there is a great deal of variability
in ratings of an item’s arousal compared to, for example, valence (as
noted by de Zubicaray et al., 2023). This would also make it more
difficult to detect predictors of arousal. Another key difference may be
that size or shape are defining features of a word’s meaning. On the
other hand, apart from words for emotional experience, this is not true
for arousal. While “bomb” is extremely emotionally arousing, it is not
part of its definition. This might moderate the extent to which types
iconicity emerge in the lexicon. Finally, it is important to note that other
studies have found evidence of arousal systematicity in the lexicon,
when examined at the level of acoustic properties (Aryani et al., 2018) or
sub-syllabic units (Schmidtke & Conrad, 2018) in German.

A novel contribution of this work is the demonstration that

9 There is evidence that the specific group of words tested matters. Sidhu
et al. (2021) found no evidence of size systematicity in among object words,
Winter and Perlman (2021) did among adjectives.
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emotional iconicity has an effect in memory. Iconic words were more
likely to be recalled in Experiment 2. However, this effect did not
emerge in Experiment 3 after removing taboo items. Nevertheless, we
observed a benefit in recall for emotionally iconic words in mega study
dataset of over 1,500 items. This latter finding is notable because, unlike
in Experiments 2 and 3, participants in the mega study were not spe-
cifically directed to process words in terms of their emotion. There was
also no evidence that the effect of iconicity was moderated by word
meaning in the mega study dataset.

At first glance this effect may seem to be driven by the well replicated
finding that more emotionally arousing material is better remembered
(e.g., Cortese & Khanna, 2022; Kensinger & Corkin, 2004). However,
congruent words in the mega study were remembered better even when
their meanings were calming. Instead, these results may be interpreted
in terms of the richness of a word’s encoding. Lau et al. (2018; see also
Hargreaves et al., 2012) note that a word’s semantic properties (e.g., the
number of associated features) can provide an encoding affordance,
leading to a memory trace that is more easily retrieved. They also note
that this can make a word’s trace more distinct, increasing the chances
of it being correctly recalled. It could be that iconicity functions in this
way. When a word’s form enriches its emotional content, this may
enrich its encoding. While admittedly speculative at this point, this is a
promising area for future research, and a novel effect of iconicity. While
previous work has shown effects of iconicity in recognition memory
(Sidhu et al., 2023), this is the first demonstration of effects of iconicity
in recall. This is also an effect of emotional iconicity which cannot
simply be due to priming a decision category.

From a broader perspective, these results add to a growing appre-
ciation that non-arbitrariness is an important factor in language
(Dingemanse et al., 2015; Murgiano et al., 2021; Perniss et al., 2010).
The form of a word can have a special imitative relationship with its
meaning, with implications for language processing. Importantly, these
results suggest that effects of iconicity go beyond imitations of sound (i.
e., onomatopoeia) to crossmodal instances in which sound imitates
emotion. This highlights the multimodal nature of language.
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