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The influence of individual
differences in the processing

of words expressing discrete
emotions: data from a large-scale
study

Juan Haro®1*, José Antonio Hinojosa%3* & Pilar Ferré (!

In this study, we addressed the influence of individual differences in personality traits measured trough
a Big Five personality test, and sociodemographic variables such as age or gender, in the processing

of words conveying discrete emotions. To this aim, we relied on data from a large-scale lexical

decision task in Spanish. The analyses with linear mixed models revealed several interactions between
emotional content and both personality traits and sociodemographic factors during word recognition.
In this sense, there was a facilitation for fear-related words, mainly in male participants. Also, disgust
interacted with agreeableness and conscientiousness, showing an inhibition for disgust-related words
in participants scoring low in agreeableness or high in conscientiousness. Sadness-related words were
processed more slowly in men, while this effect was absent in women. Finally, happiness-related
words showed an interaction with openness to experience, age and gender. We discuss the complex
interplay between the emotional connotation of words and individual differences. All in all, our findings
emphasise the need to take individual characteristics into account when examining emotional word
processing.

Keywo rds Emotional word processing, Lexical decision task, Word recognition, Individual differences,
Discrete emotions, Gender differences

The study of how emotional content affects language processing has been extensively investigated in recent
decades (see!?, for reviews). Much of this research has focused on examining the emotional content of words
from a dimensional approach, which defines it as a combination of two variables: valence and arousal®. Valence
represents the hedonic value of the emotional content, a continuum ranging from highly unpleasant/negative to
highly pleasant/positive. In contrast, arousal refers to the intensity of physiological and psychological alertness
triggered by an emotion, ranging from highly relaxing to highly exciting. The most used task to study the effect
of valence and arousal in word recognition is the Lexical Decision Task (LDT; e.g?), in which participants decide
whether a string of letters is a real word or a nonword; response times (RTs) and errors are recorded. However,
the evidence for the effects of these two variables in the LDT remains inconclusive. In particular, it is unclear
whether high levels of valence facilitate (i.e., speed up) RTs regardless of their polarity (e.g”). , or whether positive
valence (e.g., “gift”) facilitates recognition compared to neutral words (e.g., “chair”), while negative valence (e.g.,
“trash”) is inhibitory (i.e., it slows down RT, e.g®). In this regard, a recent meta-analysis* shows a consistent effect
of positive valence in word recognition, while the effect of negative valence is less clear.

Several theoretical frameworks have been proposed to explain how emotional valence influences word
recognition. First, the model of motivated attention and affective states’ posits that both positive and negative
stimuli signal survival-relevant approach or avoidance goals, thereby recruiting our motivational systems and
receiving prioritised processing. Thus, emotional words should be processed faster than neutral ones. Second,
the automatic vigilance hypothesis® argues that negative stimuli - an evolutionary cue to threat - capture and
hold attention more strongly, delaying attentional disengagement and slowing concurrent cognitive tasks such
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as word processing. Finally, theories of embodied semantics propose that affective experience is a core semantic
dimension, especially for abstract words. Thus, extreme valence (either highly positive or highly negative)
enriches multimodal representations and leads to faster word processing®°.

The inconsistency in the effects of emotional valence poses a significant challenge to a full understanding
of how the emotional content of words is processed and represented. For this reason, research in this field has
focused, in part, on the factors that may be causing this discrepancy. At least three factors have been identified.
The first of them is the lack of experimental control in previous studies (see!!). For example, emotional words
may differ from neutral words in variables such as frequency and concreteness, both of which interact with
valence effects (e.g'?!%). To address this limitation, recent research has used large-scale lexical decision tasks
(i.e., mega-studies; see'®). In these studies, data are collected from a large number of participants who respond
in a LDT to many words characterised in a wide range of psycholinguistic variables. This approach ensures high
statistical power while aiming for a high degree of experimental control (see'*). The results of these mega-studies
show a linear relationship between emotional valence and lexical decision times: Positive words are detected
faster than neutral and negative words, while negative words are detected slower than neutral words (e.g®1>-17,
but see®18).

The second factor relates to the possibility that the dimensional approach may not be the most appropriate,
or at least the only one, for characterising the emotional content of words. It has been suggested that a more
accurate definition of the emotional content of a word should also consider the specific emotion it evokes'.
This approach is based on discrete emotion models (e.g?), which postulate the existence of a limited number
of discrete emotions (i.e., happiness, sadness, anger, fear, and disgust) that manifest in specific and distinctive
patterns of behaviour, cognition, and subjective experience (e.g21’22). Furthermore, each discrete emotion
appears to depend on the activity of specific neural pathways (e.g>*).

The main evidence in support of discrete emotion models comes from the study of emotional facial expressions
(e.g?%%). However, the impact of discrete emotions on word processing has been scarcely investigated, with
only a limited number of published studies to date. This might be a crucial point regarding the disparity of
effects observed for negative valence. Since there are several discrete negative emotions (sadness, fear, disgust,
anger) that might be associated with the activity of different motivational systems (withdrawn vs. approach),
their effects in word recognition may not go in the same direction (e.g., inhibition vs. facilitation). The likely
uneven distribution of these discrete emotions in previous studies may therefore have contributed to the
different experimental results. This is clearly exemplified by the fact that words with similar levels of valence and
arousal, like “nightmare” (valence =1.8, arousal =7.6) and “nausea” (valence = 1.8, arousal = 6.65), can be related
to different discrete emotions (in this case, fear and disgust, respectively).

One of the earliest studies in this area was conducted by Briesemeister et al.?%, who found that the recognition
of words related to happiness and fear was faster compared to neutral words, while the recognition of words
related to disgust was inhibited. Notably, this study found that when discrete emotion variables and dimensional
variables were included as predictors of recognition times, only the former yielded a significant effect. Other LDT
studies have reported an inhibitory effect of both disgust- and fear-related words, with no significant differences
between the two?”. Also, a similar inhibitory effect of both anger and fear-related words has been observed?.

Neurophysiological data further supports the influence of discrete emotions on word processing.
Briesemeister et al.? investigated the temporality of the effects of discrete and dimensional emotion variables
using electroencephalography (EEG) measures. They orthogonally manipulated happiness (high and low) and
valence (neutral or positive) and observed earlier EEG effects for happiness than for valence, and no interaction
between the two variables. Moreover, a gamma power band synchronization for fear words relative to anger
words have been reported®. These findings appear to be consistent with the hierarchical emotion theory?,
which suggests that both discrete and dimensional emotion variables belong to the same emotional processing
system, but influence different processing stages.

The third factor which may have contributed to the inconsistency in the effects of emotional valence in word
recognition is the role of individual differences in the processing and representation of emotional words. The
way that people perceive the emotional content of a word can be influenced by various individual characteristics,
such as personality traits, age and gender. For example, the emotion evoked by a word such as “party” may differ
significantly between individuals with different levels of extroversion; for extroverts it may be associated with
positive emotional content, whereas for introverts it may evoke negative or neutral emotions. Other examples
include the word “freedom”, which may have different emotional connotations depending on a person’s age.
For instance, younger adults may experience this word as more emotionally arousing or positively valenced,
potentially associating it with aspirations and autonomy, whereas older adults may link it to past experiences
or losses, resulting in different emotional appraisals. In this line, recent research has shown that arousal ratings
for emotionally charged words tend to decline with age, and that the relationship between arousal and other
emotional dimensions—such as tabooness or humor—weakens across the lifespan?®!. This suggests that aging is
associated with reduced emotional reactivity to certain types of language, which may modulate the emotional
weight that words like “freedom” carry. Similarly, the word “cry” may evoke different emotional responses in men
and women. Women tend to cry more frequently and intensely than men (e.g>2. These disparities are influenced
by both biological factors, such as hormonal differences, and social norms that discourage emotional expression
in men®. Consequently, the word “cry” may carry different emotional connotations across genders, reflecting
these underlying differences in emotional expression and regulation.

In a recent study', we investigated the role of individual differences in emotional word recognition by
examining the interaction between valence and arousal with age, gender and personality traits (Big Five):
extraversion (socialinteraction and energylevels; ranging from introverted to extraverted), openness to experience
(creativity and curiosity for new experiences; ranging from conservative to innovative), agreeableness (empathy
and cooperation; from confrontational to cooperative), emotional stability (stress management; from neurotic
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to emotionally stable), and conscientiousness (organization and dependability; from impulsive to disciplined)
(see also®**°). Overall, we found a linear effect of valence, with a facilitation for positive words and an inhibition
for negative ones. Our results also revealed several significant interactions. We found an interaction between
valence and extraversion: The recognition of positive words was facilitated in extroverted participants, but not
in participants with medium or low levels of extraversion. In addition, an interaction between conscientiousness
and valence was observed, showing that the effect of valence was not significant for participants with low levels
of conscientiousness, but became significant and larger as conscientiousness increased. The opposite pattern was
found for valence and openness to experience. In addition, the effect of valence decreased or even disappeared
as a function of age, and women showed a stronger valence effect than men, largely due to a lack of facilitation in
the recognition of positive words among male participants. Considering the above, it is plausible that individual
differences have contributed to the variability in findings related to emotional valence in previous research. The
composition of the sample in these studies (e.g., a high proportion of extraverts or a greater presence of women)
could have influenced the presence, magnitude, and direction of valence effects.

The impact of individual differences in emotional word processing offers a novel perspective on how
emotional content is processed and represented. These findings suggest that there is no universal, one-size-fits-
all explanation for the effect of emotional content. Instead, a full understanding of emotional effects in word
processing requires taking into account the individual characteristics of speakers. For example, the observation
that extroverts show a greater facilitation for positive words than introverts has been linked to the fact that
extroverts tend to accumulate a greater number of positive life experiences than introverts*!. Other findings have
been interpreted in terms of the automatic vigilance hypothesis®, which suggests that humans have an innate
predisposition to prioritise negative stimuli as a result of evolution, leading to negative words attracting more
attention and delaying response times in the LDT. In this sense, the increased valence effect observed in high-
conscientiousness participants may be due to a greater attentional capture of negative words by such individuals,
possibly because of their reduced use of such words®”. On the other hand, the interaction between valence and
openness to experience has been related to the greater emotional regulation observed in participants with higher
scores on this factor®®.

In the present study, we aim to extend our previous work!® by testing whether individual differences also
influence the processing of words related to discrete emotions. This aspect has been scarcely explored, but there
is some promising evidence from studies that employed the LDT. For example, Armstrong et al.*® found that
participants with high sensitivity to contamination showed greater inhibition in the recognition of fear- and
disgust-related words than to happiness-related words, compared to individuals with low sensitivity. In a further
study, Mueller and Kuchinke®® reported that participants with high Behavioural Activation System (BAS*!)
scores, which indicate a greater predisposition to initiate approach behaviours, showed more inhibition in the
recognition of fear-related words in a LDT. Specifically, the effect was observed in those with higher scores on
the BAS-drive subscale, which measures persistent goal pursuit. According to the authors, individuals with high
levels of goal-orientation would allocate more attentional resources to stimulus processing, thus increasing the
inhibitory effect of fear-related words. In another study by Parott etal42 narticipants with high anger sensitivity
responded faster to anger-related words than individuals with low anger sensitivity. Finally S et 243 tested
participants with different levels of disgust sensitivity (low vs. high) in a LDT. Their results revealed an inhibition
in the recognition of disgust-related words in individuals with high disgust sensitivity, while individuals with low
disgust sensitivity showed the opposite effect. It is important to note, however, that none of these studies have
examined the moderating effects of personality factors (i.e., Big Five), age, or gender on the processing of words
related to discrete emotions.

In this study, we examine the impact of discrete emotions and individual differences in emotional word
processing. To do that, we rely on data from our recent large-scale LDT mega-study'®, which allows us to control
for many extraneous variables and ensures robust statistical power. Through this approach, we aim to provide
deeper insights into the complex influence of emotional content on lexical processing.

Method

The analyses carried out in this study rely on response times and measures of individual differences obtained
from Haro et al.!>. These authors collected lexical decision times for 7500 words from 918 native Spanish speakers
(mean age=27.51, range=17-70, SD =11.05; 69.83% female). In addition, the values of several psycholinguistic
variables were included in the analyses, namely emotional valence and arousal, concreteness, familiarity, age of
acquisition, logarithm of frequency, number of letters, number of syllables, number of phonemes, number of
lexical neighbours, number of higher frequency lexical neighbours, number of phonological neighbours, number
of higher frequency phonological neighbours, average orthographic Levenshtein distance to the 20 closest
neighbors (OLD20), average bigram frequency and average trigram frequency. The sources for these values were
the same as in Haro et al."®. Values for emotional valence and arousal were taken from Previous normative studiesii-47,
The values for familiarity and concreteness were obtained from previous normative studies!>44>484% The values
for age of acquisition came from previous normative studies'>**>0. The values for the lexical and phonological
variables were retrieved from ESPAL*. In addition, we obtained the values of the discrete emotions (happiness,
fear, anger, disgust and sadness) of all 7500 words from different databases*®>>2) (see Table 1 for the statistics
descriptives of these values; see'®, for the statistics descriptives of the rest of variables). It is worth noting that
although the values were obtained from several studies, the population from which the samples were taken in
each of these studies was comparable, i.e. mainly young women studying at one of the Spanish universities.
Furthermore, most of these studies assessed the validity of the measures collected by comparing them with other
studies published in Spanish, showing in most cases high correlations between them (see, for example®).
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Variable | Mean | SD | Min. | Max.
Happiness | 2.18 | 0.86 | 1 4.97
Fear 1.72 072 |1 4.80
Anger 1.65 0.68 |1 4.87
Disgust 1.54 059 |1 4.77
Sadness 1.67 074 |1 4.93

Table 1. Descriptive statistics for the discrete emotion values of the words used in the experiment.

Data analyses

We followed the same data cleaning procedure of RTs as in Haro et al.'>. In particular, we excluded participants
with error rates above 15% (n=>59) and words with error rates over 75% (n=>5). This left 7,495 words, each
averaging 36.72 observations (range: 31-43, SD =2.66). Observations with RTs below 300 ms or below or above
2.5 standard deviations from each participant’s mean were discarded. Overall accuracy was high (94.73%), so
errors were not analyzed. In total, we removed 50,360 observations (8.59%), resulting in 506,848 observations for
analysis. We analyzed the data using linear mixed effects models (e.g>**), with the Ime4 package in R%>. The
model was created to analyze the main effects and interactions of the variables of interest on raw RTs. We chose
to analyze raw RTSs to preserve interpretability and avoid potential artifacts introduced by data transformations,
as highlighted by Lo and Andrews®’. In addition, although raw RTs are often skewed, linear mixed-effects models
are generally robust to such deviations, especially with large datasets. Discrete emotion variables (happiness, fear,
anger, disgust, sadness) and their interactions with personality trait scores (extroversion, openness to experience,
agreeableness, emotional stability, and conscientiousness), along with age and gender, were included as fixed
effects. While higher-order interactions (e.g. three- or four-way combinations) could theoretically provide a more
detailed understanding of how discrete emotions interact with individual differences, attempts to incorporate
them into current models resulted in convergence issues. Additionally, we incorporated the remaining variables
as covariates. Arousal and valence were introduced individually, as well as their interaction. All covariates were
centred and transformed into z-scores. Random intercepts were specified for both participants and words;
random slopes could not be included due to convergence issues. We checked for multicollinearity among the
fixed effects (using the R VIF function) and excluded variables with a VIF >5 or with a correlation>0.80 with
other fixed effects. Specifically, we removed number of phonemes, number of phonological neighbors, number
of higher frequency phonological neighbors, and number of syllables. Participant gender was coded using sum
contrast coding: female (-0.5), male (+0.5).

Multiple comparisons were performed using the emmeans software package®. For continuous variables,
marginal means were calculated at two standard deviations below (referred to as low level’) and above (referred
to as ‘high level’) the mean, as well as at the mean itself (referred to as ‘medium level’). These levels were
used for multiple comparisons of continuous variables and for visualizing the interactive effects when at least
one continuous variable was involved. The Tukey method was applied to correct for multiple comparisons.
Additionally, we report the results of t-test analyses on the coefficient estimates for each fixed effect and
interaction. Satterthwaite’s approximation to the degrees of freedom of the denominator was used for this
analysis (p-values were calculated using the ImerTest package™.

Results

The linear mixed effects model results revealed several interactions and main effects (see Table 2). These are
detailed below, along with the results of multiple comparisons where relevant. Only significant main effects and
interactions will be presented.

Valence and arousal effects

A significant effect of valence was found, f = -5.39, SE=1.44, t = -3.74, p<.001 (Fig. 1). This effect indicates
that as valence increases, RT decreases. Thus, there was a facilitative effect for positive words and an inhibitory
effect for negative words. On the other hand, the effect of arousal was marginally significant, suggesting that
words with high arousal values were recognized faster than those with low arousal values, f = -1.34, SE=0.74,
t=—1.82, p=.069.

Importantly, the effects of valence and arousal were moderated by their interaction, p=1.92, SE=0.52,
t=3.69, p<.001 (Fig. 2). Arousal influenced negative and positive words differently. A facilitative effect of arousal
was observed for negative words: high-arousal negative words were recognized faster than low-arousal negative
words (p<.001). Conversely, the opposite effect was found for positive words, indicating an inhibition for high-
arousal positive words relative to low-arousal positive words (p =.018).

Fear

A facilitating effect of fear was observed, B = —2.55, SE=0.98, t = -2.60, p=.009, showing that as fear increased,
RT decreased (Fig. 3). There was also an interaction between fear and participant gender, f = —3.78, SE=1.06,
t=-3.58, p<.001. The effect of fear was significant for males (p <.001), but not for females (p=.791) (Fig. 4).

Disgust
There were several significant interactions between disgust and personality traits. Disgust interacted with
agreeableness, p = —1.14, SE=0.45, t = —2.56, p=.011 (Fig. 5). An inhibitory effect of disgust was observed for
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Predictors Estimate | SE | CI t P
(Intercept) 650.46 3.39 | 643.82-657.10 192.06 | <0.001
Anger -0.58 1.05 | -2.64t01.48 -0.55 | 0.582
Disgust 0.51 0.77 | -1.01 to 2.02 0.66 | 0.512
Fear -2.55 0.98 | -4.48to -0.62 | -2.60 | 0.009
Sadness 1.53 1.02 | -0.47t03.53 1.50 | 0.134
Happiness -0.32 1.05 | -2.37t0o1.73 -0.30 | 0.761
Valence -5.39 1.44 | -821to -2.57 | -3.74 | <0.001
Arousal -1.34 0.74 | -2.79t00.10 -1.82 | 0.069
Valence * Arousal 1.92 0.52 0.90-2.94 3.69 | <0.001
Agreeableness -1.23 3.34 | -7.78t05.31 -0.37 | 0712
Conscientiousness 0.27 3.44 | -6.46t07.00 0.08 | 0.938
Emotional stability 1.46 3.89 | -6.17t09.08 0.37 | 0.708
Extroversion 10.79 3.47 4.00-17.59 3.11 0.002
Openness to experience -13.34 3.16 | -19.55t0 -7.14 —4.22 | <0.001
Participant age (years) -0.15 3.14 | -6.29 to 6.00 -0.05 | 0.963
Participant gender 0.27 6.99 | -13.44t0 13.97 0.04 | 0.969
Log. Frequency -19.69 0.69 | —21.05t0 —18.33 | -28.34 | <0.001
Letters 1.04 0.90 | -0.72to02.81 1.16 | 0.247
Lexical neighbours 7.25 0.85 5.60-8.91 8.58 | <0.001
Higher lexical neighbours -0.21 0.71 | -1.60 tol.17 -0.30 | 0.765
OLD20 9.93 0.89 8.18-11.67 11.15 | <0.001
Bigram frequency 5.25 0.71 3.87-6.63 7.43 | <0.001
Trigram frequency 2.25 0.71 0.85-3.65 3.16 | 0.002
Familiarity -17.32 0.62 | —18.54t0 ~16.10 | —27.82 | <0.001
Age of acquisition 9.37 0.70 8.00-10.74 13.40 | <0.001
Concreteness 2.80 0.56 1.70-3.91 4.96 | <0.001
Trial order 2.35 0.27 1.82-2.88 8.63 | <0.001
Anger * Age 0.23 0.55 | -0.85t01.32 0.42 0.675
Anger * Agreeableness 0.19 0.59 | -0.95t0 1.34 033 | 0.742
Anger * Conscientiousness 0.65 0.59 | -0.52to 1.81 1.09 | 0.276
Anger * Emotional stability -0.33 0.67 | -1.65t00.99 -0.49 | 0.626
Anger * Extroversion 0.00 0.60 | -1.18to1.19 0.01 0.995
Anger * Gender -2.36 1.22 | -4.75t00.03 -1.94 | 0.053
Anger * Openness to experience 0.98 0.55 | -0.10to 2.07 1.78 | 0.076
Disgust * Age -0.03 0.42 | -0.86t00.79 -0.08 0.935
Disgust * Agreeableness -1.14 045 | -2.02to -0.27 | -2.56 | 0.011
Disgust * Conscientiousness 1.27 0.45 0.38-2.16 2.79 | 0.005
Disgust * Emotional stability 0.80 0.52 | -0.22t01.81 1.54 | 0.123
Disgust * Extroversion -0.44 0.46 | -1.34t00.46 -0.95 | 0.340
Disgust * Gender -0.62 093 | -2.45to1.21 -0.66 | 0.506
Disgust * Openness to experience -0.86 0.42 | -1.69 to—0.03 -2.02 | 0.043
Fear * Age 0.80 0.48 | -0.14to 1.74 1.67 | 0.095
Fear * Agreeableness 0.38 0.51 | -0.61to 1.37 0.75 | 0.453
Fear * Conscientiousness —-0.84 0.52 | -1.86t00.18 -1.61 0.107
Fear * Emotional stability 0.47 0.59 | -0.69 to 1.63 0.79 | 0.428
Fear * Extroversion 0.77 0.53 | -0.27to 1.80 1.45 | 0.146
Fear * Gender -3.78 1.06 | -5.85 to -1.71 | -3.58 | <0.001
Fear * Openness to experience -0.22 049 | -1.17t00.73 -0.46 | 0.649
Sadness * Age -0.09 0.53 | -1.12t00.94 -0.17 | 0.865
Sadness * Agreeableness -0.22 0.56 | -1.31t00.87 -0.40 | 0.691
Sadness * Conscientiousness 0.14 0.57 | -0.98to01.27 0.25 0.803
Sadness * Emotional stability -0.32 0.65 | —-1.59t00.95 -0.50 | 0.619
Sadness * Extroversion -0.05 0.58 | -1.19to 1.09 -0.08 0.935
Sadness * Gender 5.64 1.16 3.37-7.92 4.87 | <0.001
Sadness * Openness to experience —-0.30 0.53 | -1.35t00.75 -0.56 | 0.576
Happiness * Age 0.84 0.35 0.15-1.52 2.39 | 0.017
Continued
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Predictors Estimate | SE | CI t P
Happiness * Agreeableness -0.53 0.37 | -1.25t00.20 -142 | 0.154
Happiness * Conscientiousness -0.13 0.38 | -0.87t0 0.61 -0.35 | 0.728
Happiness * Emotional stability -0.00 0.43 | -0.84t00.84 -0.01 | 0.996
Happiness * Extroversion -0.72 0.38 | —-1.471t00.02 -1.89 | 0.058
Happiness * Gender 3.46 0.77 1.96-4.97 4.50 | <0.001
Happiness * Openness to experience 1.14 0.35 0.45-1.83 3.24 | 0.001
Table 2. Results of the linear mixed effect model. Significance values are in bold.
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low agreeableness participants (p =.044), but was not significant for medium and high agreeableness participants
(both ps >0.29). Furthermore, an interaction was found between disgust and conscientiousness, f = 1.27, SE=0.45,
t=2.79, p=.005 (Fig. 6). An inhibitory effect of disgust was observed for high conscientiousness participants
(p=.032), but was not significant for medium and low conscientiousness participants (both ps>0.19). Finally,
disgust interacted with openness to experience, p = —0.86, SE=0.42, t = —2.02, p=.043 (Fig. 7). The interaction
was due to disgust showing an inhibitory trend at low openness to experience, but a clear null effect at medium
openness to experience and a trend towards facilitation at high openness to experience.
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Sadness
An interaction was found between sadness and participant gender, p=5.64, SE=1.16, t=4.87, p<.001 (Fig. 8).

There was an inhibitory effect of sadness for males (p=.002), but not for females (p=.438).

Happiness

Several interactions were found for happiness. There was an interaction between happiness and openness to
experience, f = -0.86, SE=0.42, t = -2.02, p=.043 (Fig. 9). The interaction was driven by a trend towards
facilitation of happiness for low openness to experience participants, but a null effect for medium openness
to experience and a trend towards inhibition for high openness to experience. There was also an interaction
between happiness and participant age, p=0.84, SE=0.35, t=2.39, p=.017 (Fig. 10). The interaction suggests a
trend towards facilitation of happiness for younger participants, but a null effect for middle-aged participants
and a trend towards inhibition for older participants. A further interaction was found between happiness and
participant gender, p=3.46, SE=0.77, t=4.50, p<.001 (Fig. 11). There was an inhibitory tendency of happiness
for males, but a facilitatory tendency for females.

Discussion
In the present study we examined the influence of discrete emotions and individual differences on word

recognition. We analysed lexical decision times from a recently published mega-study'®, where response times
to 7500 Spanish words were collected from 917 participants.
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The results showed that the effect of emotional valence persisted even after controlling for the potential
influence of discrete emotions. The valence effect is consistent with the findings of e ¢tal15 and other mega-
studies of lexical decision with emotional words®!7, although these studies did not control for the effect of discrete
emotions. We observed an inhibition in the recognition of negative words and a facilitation in the recognition
of positive words. The inhibition of negative words is in line with the automatic vigilance hypothesis®, which
suggests that negative words capture attention strongly and thus interfere with any other cognitive process taking
place simultaneously. As a result, the processing of negative words is delayed. The recognition advantage seen
with positive words is likely due to a different underlying mechanism. This facilitation is often attributed to
the positivity bias in language, where positive words are used more frequently than negative or neutral words
(e.g%). As a result of their higher frequency, positive words may have a lower identification threshold, requiring
less activation for recognition”. However, in the present study, word frequency was controlled for. Therefore,
frequency differences cannot account for the observed facilitation in recognition of positive words. Instead, this
advantage may be attributed to other factors. A possible explanation is that positive words are generally more
connected and elaborated®!, associated with richer sensory experiences, and tend to have more meanings62 than
neutral or negative words. This increased semantic richness may increase recognition speed for positive words
through semantic-orthographic feedback processes (e.g>).

The results also showed an interaction between valence and arousal. Arousal speeded up recognition of
negative words, but slowed down recognition of positive words. This complex relationship between arousal and
valence has been observed in several studies (e.g'>%-%7). and supports the model proposed by Robinson et
al®®. According to this model, negative valence and high arousal are associated with avoidance behaviour, often
signaling a threat. Conversely, positive valence and low arousal are associated with non-threatening or attractive
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scenarios, leading to approach behaviour. As a result, different combinations of valence and arousal can produce
either congruent (positive valence-low arousal, negative valence-high arousal) or incongruent (positive valence-
high arousal, negative valence-low arousal) responses that can either facilitate or inhibit word recognition.

Importantly, in this study we also observed an effect of discrete emotions, suggesting that dimensional
variables alone do not fully explain the influence of emotional content on word recognition. We found that,
among the discrete emotions, only fear had a significant main effect on RTs. This finding is in line with the results
of Briesemeister et al?®. Notably, the effect was facilitatory, rather than the inhibitory effect more typically seen
with negative valence, making it difficult to reconcile with the automatic vigilance hypothesis®. One possible
explanation is that fear-related words have richer semantic representations than other negative words, which
may give them a processing advantage (e.g®®). Alternatively, this effect could be related to behavioural strategies
associated with fear, consistent with the approach-withdrawal dimensions?®. Thus, speeded recognition of words
communicating fear might be of help to promote action tendencies to cope with threatening stimuli. In any case,
further research is needed to clarify the source of this facilitatory effect of fear.

The effect found for fear-related words may also shed light on the mixed findings on negative valence in
previous studies (see meta-analysis by "™ tal4) Tt is possible that the proportion of fear-related words within the
negative valence condition varied across these studies, potentially acting as a confounding factor. Furthermore,
this facilitatory effect of fear contrasts with previous findings*”*%, which reported an inhibitory effect of fear.
Although we cannot provide a definitive explanation for these discrepancies, it is important to note that, while
the number and type of controlled variables in these studies were comparable to those in the present study,
there were notable differences in the number of participants and stimuli per condition. Specifically, Ferré et al.”
included 36 words per condition with 42 (Experiment 1) to 56 (Experiment 2) participants, and Huete-Pérez et

Scientific Reports |

(2025) 15:25036

| https://doi.org/10.1038/s41598-025-10310-9 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

al.?8 used 31 words per condition with 51 participants (Experiment 1). In contrast, our study employed a larger
sample size and a greater number of stimuli, which likely enhanced the statistical power and reliability of our
findings. In addition, unlike the present work, these studies used a factorial design. This is consistent with an
observation by Briesemeister et al.2%, who found a facilitatory effect of fear when they examined RTs from the
English Lexicon Project (Experiment 1;°), but no effect in a factorial design (Experiment 3). The reason of the
discrepant findings may be that mega-studies involve more words and participants than studies that use factorial
designs, resulting in higher statistical power, and usually control for more variables. Thus, it is plausible that
the differences between our findings and those of previous studies may be due to methodological differences.
Regarding the other discrete emotions, our results are at odds with several studies that reported a main effect for
disgust and happiness?®?”. Although we did not observe a main effect for these emotions in the present study, we
did find interactions between them and some individual differences (discussed later). Hence, these discrepancies
may be related to the specific characteristics of the participants involved in these studies.

As mentioned above, the main contribution of this study was to examine how individual differences influence
the processing of words related to discrete emotions. The results revealed several significant interactions,
which we will now discuss in detail. Overall, these findings support the ‘contextual learning hypothesis”’. This
hypothesis suggests that the individual’s lifetime experiences with basic emotions (such as happiness, fear,
sadness, anger, and disgust) shapes people’s perception emotional content.

First, while fear had a general facilitating effect on RTs, this effect was only observed in men. The interaction
between fear and gender suggests that women may not be affected by fear-related emotional content in word
recognition. Given that the facilitating effect of fear is difficult to reconcile with the automatic vigilance
hypothesis®, these gender differences may be explained by other factors, possibly related to distinct behavioural
strategies for dealing with fear stimuli between men and women. For example, the higher impulsivity typically
observed in men compared to women’!. It has been argued that this may be related to the heightened attraction
of men to risk-taking behaviour (see metanalysis in Byrnes et al.”), which contrasts with the anxiety and caution
that such risks typically evoke in women. This difference suggests that fear in men may act not as a barrier, but as
a signal that a stimulus offers a potential reward. Consequently, rather than provoking an aversive or avoidance
response, fear may actually trigger an approach or engagement response in men.

The interactions we found between disgust and several personality traits suggest that the inhibition effect
observed for disgust-related words in previous studies?®?” might be modulated by participant characteristics.
Specifically, we found an inhibition effect for disgust-related words in participants with low agreeableness,
high conscientiousness, and also (although only as a trend) in those with low openness to experience. These
interactions generally suggest that such individuals are more sensitive to disgust, in line with SV ¢ta43 findings.
For example, agreeableness has been shown to be negatively correlated with disgust sensitivity (e.g’*); in other
words, the lower the agreeableness, the greater the sensitivity to disgust. Highly agreeable individuals tend to
exert more effort to control negative emotions when interacting with others and may have a higher threshold
for feeling disgust towards others’*”>. Furthermore, agreeableness leads individuals to prioritise the benefits of
harmonious social interactions, resulting in reduced disgust towards human pathogens’*. Complete avoidance of
all contact, direct or indirect, would eliminate vital social behaviours, such as food sharing, mating, cooperative
work and kinship care. No avoidance at all would leave you highly vulnerable to infection. Instead, the behavioural
immune system dynamically calibrates avoidance in a context sensitive manner, trading off motivations to avoid
disease against the benefits of social interaction, and moderating disgust with pathogens when interpersonal
values are high®. There is also evidence of increased sensitivity to disgust in high conscientiousness individuals,
which has been related to their traits of competence, orderliness, obedience, achievement, self-discipline, and
deliberation””. Finally, the increased sensitivity to disgust in individuals with low openness to experience is
consistent with some previous studies (e.g’”’%), that have documented a negative relationship between the
pursuit of new experiences and sensitivity to disgust. These findings suggest that individuals with high disgust
sensitivity tend to have a less active imagination, less aesthetic sensitivity, less attention to inner feelings, less
preference for variety, less intellectual curiosity, and less independence of judgement than those with low disgust
sensitivity. They are less adventurous and more socially and politically conservative.

We also found an interaction between sadness and gender. Sadness-related words showed an inhibitory effect
in men, but not in women. This finding may be linked to evidence suggesting that women report experiencing
sadness more frequently than men (e.g’®). In addition, there is evidence that women tend to use a higher
proportion of sadness-related words than men®. This increased use of sadness-related words may stem from
socialization practices where parents use more emotionally expressive language with daughters than with sons.
For instance, Aznar and Tenenbaum?®' observed that mothers are more likely to use emotional words when
interacting with their 4-year-old daughters compared to mothers of 4-year-old sons. Furthermore, studies have
shown that women often exhibit higher levels of empathy than men, which could contribute to a greater sensitivity
and responsiveness to sadness-related stimuli. Christov-Moore et al.® reported that women demonstrate greater
empathic responses, both behaviorally and neurologically, compared to men. This heightened empathic concern
may enhance the processing and recognition of sadness-related words among women. As a result, sadness-
related words may be less familiar for men, making lexical access of these words more difficult and effortful.
Additionally, in line with the automatic vigilance hypothesis®, given that these emotional words take longer to
retrieve in men and are more salient because they are less frequent, their attentional capture would be more
intense and prolonged, reflected in higher inhibition in LDT.

Finally, our study revealed several interactions between happiness and individual differences. For female
and younger participants, we observed a facilitation trend for happiness-related words, consistent with previous
findings (e.g?®). Conversely, male and older participants showed an inhibition trend for these words. These
findings are consistent with previous studies that observed interactions between age, gender, and valence!>83:84,
Specifically, these studies found that the facilitation effect of positive valence was either exclusive to, or more
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pronounced in, women and younger individuals. Regarding the interaction with age, one possibility derived
from the lifelong learning hypothesis (e.g38%) is that the value of positivity as a lexical cue steadily decreases as
the vocabulary of positive words increases. When the set of positive words is relatively small, the ‘positive’ feature
drives activation to a narrow subset of items, significantly reducing lexical competition and allowing these items
to reach the recognition threshold more quickly. However, as the number of positive words increases with age,
the same feature must spread activation to a much larger pool of candidates. This spreading of activation both
reduces the activation boost per candidate and increases the inhibition of lexical competitors, thus slowing
the accumulation of evidence needed for an entry to reach recognition threshold. As a result, positive valence
has a reduced facilitating effect on word recognition in older participants. Also, gender differences might be
related to a gender gap indicating that females are more likely to experience happiness®® and are happier with
their life?” than males. These findings may be related to the theory of grounded cognition (e.g®), which posits
that conceptual knowledge is rooted in sensorimotor and emotional experiences. According to this theory, the
semantic content of words is partly constituted by simulations of perceptual, emotional, and motor states derived
from previous experiences. Therefore, women’s happiness-related words would be associated with more vivid
and accessible simulations, since women are more likely to experience happiness than men.

In conclusion, the results of this study show that discrete emotions influence word recognition beyond the
effect of affective dimensions. This suggests that both dimensional and discrete emotional variables play a role
in word processing, possibly at different stages?>*. Therefore, the emotional dimensional model alone does not
capture all the nuances of emotional word content, emphasizing the importance of also examining emotional
content through the lens of discrete emotions. Furthermore, the results indicate that individual differences,
including personality traits, age, and gender, influence the recognition of words related to discrete emotions. This
implies that the representation and processing of emotional content is affected by how individuals experience
these emotions in their daily lives and across the lifespan’’. The findings also highlight the need for careful
experimental control and consideration of participant characteristics in studies of emotional word processing.

Data availability
The data and scripts used in this study can be downloaded from the following online open-access repository
(Open Science Foundation): https://osf.io/rm7ej.
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