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A B S T R A C T   

Most theories of emotion describe a crucial role for interoceptive accuracy, the perception of the body’s internal 
physiological signals, in emotional experience. Despite support for interoceptive accuracy’s role in emotion, 
findings of gender differences in emotional and interoceptive processing are incompatible with theory; women 
typically show poorer interoceptive accuracy, but women often outperform men on measures of emotional 
processing and recognition. This suggests a need to re-evaluate the relationship between interoceptive accuracy 
and emotion considering sex and gender. Here we extend Pennebaker and Roberts’ (1992) theory of gender 
differences in the use of interoceptive signals for emotional experience, proposing that language socialisation 
may result in gender differences in the propensity to label internal state changes as physiological or emotional, 
respectively. Despite outstanding questions concerning the fractionation of interoceptive and emotional domains, 
this theory provides a plausible explanation for seemingly incompatible findings of gender differences in 
interoceptive and emotional abilities.   

Interoception is a multidimensional construct that refers to the 
processing of internal bodily sensations (e.g., from the heart, stomach, 
lungs) at various levels (Craig, 2002; Suksasilp and Garfinkel, 2022), 
including accuracy (perception; performance on objective tests), atten-
tion (engagement) and insight (metacognition; Khalsa et al., 2018; 
Suksasilp and Garfinkel, 2022). Interoception, particularly interoceptive 
accuracy, has long been linked to emotional ability,1 with almost every 
theory of emotion ascribing a fundamental role to the perception of 
interoceptive signals in emotional experience (Critchley and Nagai, 
2012; Damasio, 1994; Damasio et al., 1991; Gendron and Barrett, 2009; 
James, 1894; Schachter and Singer, 1962; Seth, 2013). Whilst early 
theories suggested that emotions arise from changes in the body’s 
physiological state (e.g., James, 1984), later theories highlighted that it 
is the combination of both physiological arousal and interpretation of 
the context that determines emotional labelling (Schachter and Singer, 
1962). Most contemporary theories are in line with this tradition; for 
example, contemporary constructivist approaches highlight a role for 
“sensory stimulation from inside the body” in addition to cognitive 

components (see Gendron and Barrett, 2009 for a review). Similarly, 
predictive coding models suggest that emotions arise from active 
inference regarding the likely internal and external cause(s) of changes 
in the body’s physiological state (Seth, 2013). Whilst these theories 
differ in some respects, all propose that perceiving a change in the 
body’s internal state is crucial for emotional experience, suggesting that 
individuals who have difficulties perceiving internal bodily states (poor 
interoceptive accuracy) should have difficulties with emotion. 

1. Interoceptive accuracy and emotional processing 

Consistent with these theoretical proposals, evidence suggests a 
positive association between interoceptive accuracy and emotional 
ability (e.g., Critchley and Garfinkel, 2017; Füstös et al., 2013; Koch and 
Pollatos, 2014; Terasawa et al., 2014; Wiens et al., 2000; although this 
may vary with age, i.e., Schaan et al., 2019). In terms of emotional 
processing, better cardiac interoceptive accuracy correlates with 
enhanced emotional self-regulation (Weiss et al., 2014), the use of more 
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reappraisal and suppression strategies (Kever et al., 2015), and appears 
to facilitate the downregulation of emotional arousal through the use of 
reappraisal strategies (Füstös et al., 2013). Those with greater cardiac 
interoceptive accuracy also demonstrate more arousal in response to 
emotional images or film clips (Dunn et al., 2010; Wiens et al., 2000), 
indicating a positive relationship between interoceptive accuracy and 
emotional intensity. In terms of emotion recognition, evidence suggests 
cardiac interoceptive accuracy is also positively associated with 
emotional intelligence (in children; Koch and Pollatos, 2014) and the 
recognition of others’ facial expressions (Terasawa et al., 2014, 2021). 
Whilst recent evidence highlights a possible role for other aspects of 
interoception (e.g., interoceptive insight; Mulcahy et al., 2019; Schuette 
et al., 2021), overall it is interoceptive accuracy specifically that has been 
routintely linked with various aspects of emotional ability, in line with 
theoretical proposals. 

2. Gender differences in interoceptive accuracy and emotion 

Whilst both theory and evidence indicate a positive association be-
tween interoceptive accuracy and emotional ability, these findings 
appear inconsistent with results concerning gender differences2 in 
interoceptive and emotional ability. Compared to men, women exhibit 
worse interoceptive accuracy across numerous domains (blood glucose 
levels: Cox et al., 1985; respiration: Harver et al., 1993; blood pressure: 
Pennebaker and Watson, 1988; nicotine: Perkins, 1999; sexual concor-
dance: Suschinsky and Lalumière, 2012; gastric: Whitehead and 
Drescher, 1980), with findings being most conclusive for cardiac and 
respiratory interoceptive accuracy (for a review and meta-analysis see 
Prentice and Murphy, 2022). Conversely, women tend to show an 
advantage over men in the processing and recognition of their own and 
other’s emotions (e.g., Thompson and Voyer, 2014); women outperform 
men on the decoding of nonverbal communications, especially in the 
recognition of others’ facial expressions (DePaulo et al., 1982; Hall, 
1978; McClure, 2000; Thompson and Voyer, 2014) and emotional 
vocalisations (Hall, 1978; Thompson and Voyer, 2014). Women also 
self-report more engagement by their own emotions, demonstrating 
higher scores for emotional self-awareness (Barrett et al., 2000; Meshkat 
and Nejati, 2017), and on measures of ‘emotional intelligence’ (Fischer 
et al., 2018). 

Findings that women have greater emotional ability than men, 
despite poorer interoceptive accuracy, are inconsistent with the afore-
mentioned theoretical proposals and empirical evidence that better 
interoceptive accuracy relates to improved emotional processing and 
recognition. Indeed, based on the described theory and evidence we 
would expect that difficulties perceiving interoceptive signals would 
relate to poorer emotional ability. This suggests a need for further ex-
amination of the relationship between interoceptive accuracy and 
emotional ability, and gender differences within it. 

3. Pennebaker and Roberts (1992) theory of gender differences 
in emotion 

By way of an explanation for gender differences in interoceptive 
accuracy, Pennebaker and Roberts (1992) hypothesised that men and 
women may rely on different cues when gauging their internal states; 
men use more internal physiological cues, while women use more 
external situational ones. For example, when gauging hunger, men may 
be more likely to use internal sensations in the stomach, while women 
may rely on cues such as the time of day or when they last ate. Consistent 

with this idea, they observed that men outperformed women on tasks of 
interoceptive accuracy in controlled experimental environments, but 
that gender differences were absent in more naturalistic settings where 
external cues could be relied upon (Cox et al., 1985; Pennebaker and 
Watson, 1988). Pennebaker and Roberts (1992) argued that whilst these 
findings suggest that women may be able to compensate for difficulties 
perceiving interoceptive states by relying on external cues (e.g., blood 
glucose level; Cox et al., 1985), such processing biases may also influ-
ence the information men and women use to decode their own and 
others’ emotional states. While men may rely on their physiological 
signals to detect emotional changes in themselves and others (i.e., 
James, 1894), women may primarily search for situational cues, with 
internal signals being of secondary importance (i.e., Schachter and 
Singer, 1962). Pennebaker and Roberts (1992) therefore suggested that 
theories of emotion that ascribe a fundamental role for the perception of 
physiological cues (interoceptive accuracy; e.g., Damasio, 1994; Dam-
asio et al., 1991; Gendron and Barrett, 2009; James, 1894; Schachter 
and Singer, 1962; Seth, 2013) may only apply to men. 

Consistent with the idea that interoceptive accuracy may only relate 
to emotional ability in men, recent evidence suggests that interoceptive 
accuracy is positively related to certain emotional regulation strategies 
in men but is unrelated to emotional regulation in women (Lischke, 
Pahnke et al., 2020; but see Lischke, Weippert et al., 2020 for conflicting 
evidence for emotion contagion). In men, interoceptive accuracy was 
positively correlated with suppression strategies, which are thought to 
occur at a more ‘autonomic and behavioural level’, but not more 
cognitive reappraisal strategies. Suppression strategies have been shown 
to involve greater engagement of the insula (Giuliani et al., 2011; Goldin 
et al., 2008; Hayes et al., 2010), an area thought to be important for 
interoception (Critchley et al., 2004), which may be more active in men 
compared to women during emotional recognition tasks (Lee et al., 
2005). This supports Pennebaker and Roberts (1992) proposal that men 
may use their interoceptive signals more than women when regulating 
their emotions. 

Whilst evidence is consistent with the idea that men and women rely 
on different cues for gauging emotional states in themselves and others, 
the cause(s) of these gender differences remains unknown. Pennebaker 
and Roberts (1992) explored several possible explanations for these 
gender differences in the use of physiological cues for emotion, which 
were primarily biological or social/psychological. In terms of biology, 
males have been shown to be more physiologically reactive than females 
(Rauste-von Wright et al., 1981), with arousal often taking longer to 
return to baseline levels (Sapolsky et al., 1977). The authors suggested 
that these physiological differences may result in males having a 
stronger interoceptive signal from which to recognise their internal 
physiological state which, in turn, may support the use of these signals 
for emotional processing and recognition. This idea is consistent with 
more contemporary active inference models of interoception where 
having an internal signal of a greater magnitude or duration would lead 
to greater modification of prior expectations about interoceptive signals 
and therefore more accurate predictions about future states (i.e., less 
prediction error; Paulus et al., 2019). 

In terms of biological explanations, we have proposed that gender 
differences in interoceptive accuracy and the use of internal versus 
external cues may be explained, in part, by the increased amount of 
physical and hormonal change females experience across development 
that would likely result in greater discrepancies between actual and 
expected bodily states (i.e., a prediction error; Murphy et al., 2019; 
Prentice and Murphy, 2022). This is consistent with the absence of 
gender differences in interoceptive accuracy before early puberty (Koch 
and Pollatos, 2014; Schaan et al., 2019). If males are, therefore, more 
accurate at perceiving interoceptive states, then a tendency for males to 
rely more on interoceptive signals for emotional processing and recog-
nition, is perhaps unsurprising. 

Alternatively, Pennebaker and Roberts (1992) proposed that gender 
differences in interoceptive accuracy and emotion may be the 

2 Throughout this paper we refer to ‘gender differences’ as opposed to ‘sex 
differences’ unless we are talking specifically about biological or physiological 
differences between the sexes. Similarly, the terms ‘men’ or ’boys’ and ‘women’ 

or ’girls’ are used except from when sex differences are discussed, where ‘males’ 

and ‘females’ are referred to. 
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consequence of different socialisation experiences when learning to 
understand one’s bodily signals. Specifically, they suggest that girls’ 

experiences with menstruation and social attitudes towards menstrua-
tion as shameful, unpredictable, and ambiguous may teach girls to 
mistrust their body’s internal signals (Steiner-Adair, 1986; John-
ston-Robledo and Chrisler, 2013). Pennebaker and Roberts (1992) also 
highlight that the historical power imbalance between men and women 
may result in women needing to demonstrate greater perception of so-
cial and emotional cues as a survival mechanism. It is therefore possible 
that the superior emotional recognition of women compared to men is 
partially mediated by women having lower social status on average than 
men (Frieze and Ramsey, 1976; Guterres, 2020). This idea is supported 
by a study involving leader-subordinate dyads in which subordinates 
were consistently found to be more attentive to the leader’s emotions, 
with this effect particularly enhanced when the subordinates were 
women, and the leaders were men (Snodgrass, 1985). Whilst these ideas 
have not been explored by contemporary research, as stigma sur-
rounding menstruation and gender differences in power and status still 
exist today (e.g., Guterres, 2020; Johnston-Robledo and Chrisler, 2013), 
they remain plausible explanations for gender differences in emotional 
ability. 

Whilst the aforementioned explanations are intuitive and provide an 
explanation for gender differences in interoceptive accuracy and the use 
of interoceptive signals in emotional processing and recognition (Pen-
nebaker and Roberts, 1992; Murphy et al., 2019), these explanations fail 
to fully account for women’s superior emotional ability in the context of 
their poorer interoceptive accuracy. Given that all the aforementioned 
theories of emotion posit a positive relationship between emotion and 
interoceptive accuracy, women’s poorer interoceptive accuracy would 
be expected to result in poorer emotional ability. Although it is possible 
that the above theories do not apply to women, and that the positive 
relationship between interoceptive accuracy and emotional ability is 
specific to men only (Pennebaker and Roberts, 1992), this seems un-
likely given that a positive correlation between interoceptive accuracy 
and emotional ability has been found in studies where most participants 
were women (e.g., between interoceptive accuracy and emotional 
regulation; Weiss et al., 2014). To fully reconcile these findings, theory 
must be able to explain why women have superior emotional ability 
despite poorer interoceptive accuracy, but also account for empirical 
evidence where interoceptive accuracy does relate to emotional ability 
in samples comprised predominantly of women. 

4. The language socialisation hypothesis 

One possible mechanism that might explain women’s superior 
emotional ability, despite poorer interoceptive accuracy, is language 
and specifically an individuals’ tendency to interpret their internal state 
changes as having physiological (i.e., ‘purely interoceptive’) or 
emotional causes. As most internal states are ambiguous and over-
lapping (e.g., a racing heartbeat may indicate excitement, anxiety, the 
consumption of too much caffeine or exercise) a (potentially pre- 
conscious) decision must be made about how to interpret these physi-
ological changes. This idea is in line with theories of emotion that posit 
that once an internal state change is detected it must be interpreted or 
appraised and inferences are made regarding the likely cause(s) of 
changes in the body’s internal state (Seth, 2013). Importantly, however, 
most research focusing on interpretation processes has distinguished 
between the labelling of different emotional states (e.g., excitement, 
anxiety; Ekman and Friesen, 2003; Thompson and Voyer, 2014), not 
considering that individuals may also make physiological in-
terpretations (e.g., caffeine consumption, exercise) depending on the 
context. As such, we argue that in addition to emotional interpretations 
(e.g., labelling of a racing heartbeat as excitement or anxiety), in-
dividuals may also attribute the same physiological change to a physi-
ological cause (e.g., caffeine consumption, exercise). Crucially, as 
individuals may interpret the same physiological change differently, this 

raises the possibility of processing biases. Indeed, it is well accepted that 
individuals may hold certain biases in the interpretation of their internal 
states (for example, those with panic disorder are more likely to inter-
pret ambiguous internal signals as threatening; Clark et al., 1997; 
McNally, 1994). It is therefore plausible that individuals could also 
display biases in their propensity to label internal state changes as 
physiological or emotional. 

Given this, one possible explanation for gender differences in inter-
oceptive and emotional abilities is that they are the result of a bias in the 
interpretation of internal states, whereby women are more likely to label 
ambiguous internal states as emotional while men are more likely to 
label them as physiological; for example, when experiencing a racing 
heartbeat, males may be more likely to seek a physiological explanation 
(‘I have drunk too much coffee today’) whereas females may be more 
likely to attribute this internal state to an emotion (‘I am stressed and 
anxious today’). Therefore, the same internal state change may be more 
likely to be interpreted as having a physiological or emotional cause, in 
men and women, respectively. 

Whilst this theory provides one explanation for gender differences in 
interoceptive and emotional ability, a question remains regarding how 
these biases might develop. One plausible explanation is that these may 
arise during childhood, with the gendered use of language by parents 
and caregivers leading girls and boys towards more emotional and 
physiological interpretations of their internal states, respectively. For 
example, if when a child is crying, parents or caregivers are biased to-
wards emotional interpretations for female children (‘she is feeling upset 
or frustrated’) and biased towards more physiological interpretations for 
male children (‘he is feeling tired or unwell’), these differences may have 
consequences for children’s emotional processing in later life. Indeed, if 
as has been proposed, parental language plays a role in refining and 
tuning the categorisation of emotional and interoceptive states (Hobson 
et al., 2019), it likely that children who are exposed to more emotional 
or physiological labelling of their internal states by caregivers will, in 
turn, make more emotional and physiological interpretations of their 
own internal states, respectively, as they will have a greater differenti-
ation of these concepts. 

The above theory posits that adults may tend to label boys’ ambig-
uous internal states as physiological and girls’ ambiguous internal states 
as emotional. Consistent with this idea, evidence suggests labelling of 
internal states is not gender-invariant; mothers interpret different 
behaviour as indicative of hunger depending on the gender of their child 
(Wright, 1986). Displays of distress are more likely to be labelled as pain 
in infant boys than girls, with adults also more likely to rate pain in-
tensity as greater in boys (Cohen et al., 2014). This occurs even when the 
pain is elicited in identical circumstances and pain expression is iden-
tical across genders (Earp et al., 2019). When raters are men specifically, 
evidence suggests low-pitched cries (indicative of male sex) are labelled 
as expressing more discomfort than high-pitched cries (indicative of 
female sex; Reby et al., 2016). Conversely, in a study where women had 
to rate the reasons why an infant might be crying in a video clip, women 
made more emotional attributions when they believed the infant was a 
girl compared to a boy (Leerkes and Siepak, 2006). Similarly, evidence 
also suggests that at later developmental stages, parents use more 
emotional language when speaking to or about their daughters, 
compared to their sons, and this is the case for both mothers and fathers 
(Fivush et al., 2000; Kuebli and Fivush, 1992; Mascaro et al., 2017). In 
general, mothers tend to use a greater proportion of emotion terms than 
fathers (Aznar and Tenenbaum, 2015; Fivush et al., 2000), which is 
consistent with findings that women engage in more emotional talk in 
their everyday lives (Goldshmidt and Weller, 2000). The available evi-
dence is therefore consistent with the idea that at early developmental 
stages girls and boys may receive more exposure to emotional and 
interoceptive language, respectively. 

These differences in internal state labelling are likely to influence the 
development of the child’s internal state language and concepts (e.g., 
MacCormack et al., 2020). Specifically, one might expect that the 
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aforementioned labelling biases would result in greater complexity of 
interoceptive and emotional concepts in men and women, respectively. 
Consistent with this assertion, longitudinal evidence suggests that 
mothers’ more frequent use of emotional language with girls than boys 
may result in more complexity of emotional language in girls at later 
developmental stages (Kuebli et al., 1995). Indirect evidence is also 
consistent with this possibility; for example, the rate of alexithymia 
(difficulties identifying and describing one’s emotions) is higher in men 
than women (Kokkonen et al., 2001; but see Mason et al., 2005), with 
evidence that greater endorsement of ‘traditional male ideologies’ re-
lates to increased alexithymia in men (Levant et al., 2003). This suggests 
that gender socialisation may contribute towards differences in how 
men perceive and describe their emotions. Furthermore, observational 
studies also suggest that girls use more emotional language (Buckner 
and Fivush, 1998) and display a greater understanding of complex 
emotions than boys (Bosacki and Moore, 2004), and that both boys and 
girls are more likely to label a gender-neutral character as female if the 
character is displaying a happy, sad, or fearful facial expression (Birn-
baum et al., 1980). These data are therefore consistent with the idea that 
exposure to emotional language influences a child’s later emotional 
ability. 

The contribution of language to interoception is yet to be directly 
examined. However, if, as has been proposed, the availability of such 
language concepts contributes towards the ability to recognise such 
internal states (Hobson et al., 2019), it may be that differences in 
socialisation contribute to gender differences in recognition (intero-
ceptive accuracy) and interpretation of one’s internal states. Specif-
ically, if boys are socialized to use greater and more complex 
interoceptive language these concepts may be more accessible and 
well-defined to them. If in turn, these concepts are both better defined 
and more accessible to boys and men, they may show greater intero-
ceptive accuracy and be more likely to make physiological in-
terpretations of internal signals. This would therefore provide a possible 
explanation for men’s superior interoceptive accuracy, and yet account 
for their poorer emotional ability compared to women. 

Whilst the above focuses on the labelling of one’s own internal states, 
the availability of language concepts, the ability to recognise internal 
states, and the interaction between these processes, is also likely to in-
fluence the recognition of others’ emotions and interoceptive states, 
which can also be highly ambiguous. A body of evidence indicates a 
relationship between the ability to recognise one’s own emotions and 
the ability to recognise emotions in others (Cook et al., 2013), with novel 
evidence suggesting a similar pattern for interoceptive states (Gajperia 
et al., 2022). If, as we propose above, gender differences in the labelling 
of children’s internal states by adults results in gender differences in 
internal state concepts, these differences could be reflected in the 
labelling of others’ internal states, particularly when these are ambig-
uous. Indeed, if we use our understanding of our internal states when 
interpreting the internal states of others, we might expect that men and 
women would show an advantage in recognising interoceptive and 
emotional states in others, respectively. Consistently, evidence suggests 
that female caregivers may be more accurate at perceiving emotional 
expressions (e.g., pleasure) in infants, compared to expressions of pain 
and hunger (Sagi, 1981). Conversely, men show higher percentage ac-
curacy (though not significantly so) for expressions of infant pain than 
anger, compared to women, despite women showing an advantage 
overall (Wiesenfeld et al., 1981), and fathers appear more accurate than 
mothers at perceiving pain in children (Moon et al., 2008). Overall, this 
suggests that when internal states are ambiguous, they may be more 
likely to be labelled as emotional or physiological in girls and boys, 
respectively, which in turn may lead towards an advantage (or a bias) 
for women in recognising emotional states and an advantage (or a bias) 
for men in recognising interoceptive states in the self and others. 

Importantly, such a theory does not rule out the possibility that some 
women may employ interoceptive signals during emotional processing 
and recognition. Whilst the available evidence suggests that, on average, 

women appear to receive more exposure to emotional language than 
interoceptive language, experiences of language socialisation may vary 
across girls and women due to differences in socialisation potentially 
related to culture and family structure. In addition, it is likely that in-
dividual differences in interoceptive accuracy may also influence the 
relationship between interoceptive accuracy and emotional ability, and 
whether women and men are more likely to make emotional or physi-
ological interpretations of their internal states. These individual differ-
ences may help to explain instances where positive associations between 
interoceptive accuracy and emotional ability have been reported in 
samples comprised mostly of women (Weiss et al., 2014). This theory 
can, therefore, still account for findings of a positive relationship be-
tween interoceptive accuracy and emotional ability in some women as it 
predicts that individual differences in language socialisation and inter-
oceptive accuracy may result in different interpretations of internal 
signals between individuals of the same gender and/or sex. 

Considering potential individual differences, it is notable that lan-
guage socialisation is proposed to play a role in cross cultural differences 
in interoceptive and emotional ability (Ma-Kellams, 2014). As hypoth-
esised for women by Pennebaker and Roberts (1992), it has been sug-
gested that the poorer interoceptive accuracy observed in East Asians 
(Ma-Kellams, 2014; Ma-Kellams et al., 2012) may relate to observed 
biases towards contextual cues in these individuals (e.g., Kanagawa 
et al., 2001; Ma-Kellams et al., 2012). Whilst gender differences in 
interoceptive accuracy have not been examined across cultures, given 
cultural differences in interoceptive and emotional ability it remains to 
be seen whether gender differences are observed across all cultures. 
Indeed, cultural differences have been identified in interoceptive accu-
racy (Chentsova-Dutton and Dzokoto, 2014; Ma-Kellams et al., 2012), 
the use of somatic language (Tsai et al., 2004), language socialisation 
(Schieffelin and Ochs, 1986), adult-child interactions (Keller et al., 
2011), and in gender roles and gender stereotypes of emotional 
expression (Fischer and Manstead, 2000). It is plausible that linguistic 
differences may play a role in whether gender differences arise; for 
example, differences may be less apparent in languages and cultures 
where emotional and interoceptive words are less differentiated (e.g., 
Tung, 1994). Gendered language socialisation may also be influenced by 
whether the language contains grammatical genders (e.g., French), is 
‘naturally gendered’ (i.e., has gendered pronouns but not other noun, e. 
g., English) or is ‘genderless’ (e.g., Mandarin), with evidence suggesting 
that gender prejudice is more likely in gendered languages (DeFranza 
et al., 2020). Whilst more research is needed, it is possible that 
emotional and physiological interpretations of internal states are 
differently favoured in different cultures and that gender socialisation is 
influenced by factors such as language and gender norms. 

In summary, gender differences in interoceptive accuracy and 
emotional ability are incompatible with theory and evidence positing a 
positive relationship between interoceptive accuracy and emotional 
ability. Whilst it remains a possibility that other aspects of interoception 
(attention and insight) and gender differences therein may shed light on 
seemingly incompatible findings, existing theory and evidence is not 
able to fully account for women’s superior emotional ability in the 
context of their poorer interoceptive accuracy, compared to men. In this 
paper we present a novel theory that provides a plausible explanation 
for ostensibly incompatible gender differences in interoceptive accuracy 
and emotional ability, suggesting that gender differences may arise from 
a bias in the interpretation of ambiguous internal bodily states that 
stems from gender differences in language socialisation. Such a theory 
builds upon the explanation proposed by Pennebaker and Roberts 
(1992) which suggests the relationship between interoceptive accuracy 
and emotional ability may be gender-specific and goes further to high-
light the possible role of language socialisation in gender differences. 
Incompatible findings raise questions regarding whether the established 
theory that interoceptive accuracy substantially contributes to 
emotional ability applies to women and highlights a need to examine 
this relationship across all sexes and genders, and to consider individual 
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differences therein. However, several outstanding questions remain, for 
example, whether this theory applies across different interoceptive do-
mains, emotional valences, and cultures. For example, although some 
interoceptive signals may be positive (e.g., satiation or sexual arousal), 
more often an interoceptive signal involves a negative deviation from 
homeostasis. Given this, it may be that hypothesised biases are specific 
to ‘negative’ internal states. To fully test the language socialisation hy-
pothesis, future research is needed that examines the relationship be-
tween the development of interoceptive and emotional abilities in the 
self and others and assesses the use of internal state language consid-
ering different interoceptive domains, emotional valances, and cultures. 
Nevertheless, this theory provides a novel framework for investigating 
the relationship between interoceptive accuracy and emotional ability. 
Such a framework is critical for understanding both typical and atypical 
interoceptive and emotional ability, with implications for social and 
emotional functioning and wellbeing. 

Funding 

Freya Prentice is funded by a Child Health Research Charitable 
Incorporated Organisation (CIO) PhD studentship. Jennifer Murphy was 
supported by a BA/Leverhulme Small Research Grant [SRG20/200146]. 
Ria Spooner is funded by a South East Network for Social Sciences 
Economic and Social Research Council PhD studentship. 

References 
Aznar, A., Tenenbaum, H.R., 2015. Gender and age differences in parent-child emotion 

talk. Br. J. Dev. Psychol. 33 (1), 148–155. https://doi.org/10.1111/bjdp.12069. 
Barrett, L.F., Lane, R.D., Sechrest, L., Schwartz, G.E., 2000. Sex differences in emotional 

awareness. Personal. Soc. Psychol. Bull. 26 (9), 1027–1035. https://doi.org/ 
10.1177/01461672002611001. 

Birnbaum, D.W., Nosanchuk, T.A., Croll, W.L., 1980. Children’s stereotypes about sex 
differences in emotionality. Sex. Roles 6, 435–443. https://doi.org/10.1007/ 
BF00287363. 

Bosacki, S.L., Moore, C., 2004. Preschoolers’ understanding of simple and complex 
emotions: Links with gender and language. Sex. Roles 50, 659–675. https://doi.org/ 
10.1023/B:SERS.0000027568.26966.27. 

Buckner, J.P., Fivush, R., 1998. Gender and self in children’s autobiographical 
narratives. Appl. Cogn. Psychol. 12, 407–429. https://doi.org/10.1002/(SICI)1099- 
0720(199808)12:4<407::AID-ACP575>3.0.CO;2-7. 

Chentsova-Dutton, Y.E., Dzokoto, V., 2014. Listen to your heart: the cultural shaping of 
interoceptive awareness and accuracy. Emotion 14 (4), 666–678. https://doi.org/ 
10.1037/a0036193. 

Clark, D.M., Salkovskis, P.M., Ost, L.G., Breitholtz, E., Koehler, K.A., Westling, B.E., 
Jeavons, A., Gelder, M., 1997. Misinterpretation of body sensations in panic 
disorder. J. Consult. Clin. Psychol. 65 (2), 203–213. https://doi.org/10.1037//0022- 
006x.65.2.203. 

Cohen, L.L., Cobb, J., Martin, S.R., 2014. Gender biases in adult ratings of pediatric pain. 
Child. ’S. Health Care 43, 87–95. https://doi.org/10.1080/02739615.2014.849918. 

Cook, R., Brewer, R., Shah, P., Bird, G., 2013. Alexithymia, not autism, predicts poor 
recognition of emotional facial expressions. Psychol. Sci. 24 (5), 723–732. https:// 
doi.org/10.1177/0956797612463582. 

Cox, D.J., Clarke, W.L., Gonder-Frederick, L., Pohl, S., Hoover, C., Snyder, A., 
Zimbelman, L., Carter, W.R., Bobbitt, S., Pennebaker, J., 1985. Accuracy of 
perceiving blood glucose in IDDM. Diabetes Care 8 (6), 529–536. https://doi.org/ 
10.2337/diacare.8.6.529. 

Craig, A.D., 2002. How do you feel? Interoception: the sense of the physiological 
condition of the body. Nat. Rev.: Neurosci. 3 (8), 655–666. https://doi.org/10.1038/ 
nrn894. 

Critchley, H.D., Garfinkel, S.N., 2017. Interoception and emotion. Curr. Opin. Psychol. 
17, 7–14. https://doi.org/10.1016/j.copsyc.2017.04.020. 

Critchley, H.D., Nagai, Y., 2012. How emotions are shaped by bodily states. Emot. Rev. 4 
(2), 163–168. https://doi.org/10.1177/1754073911430132. 

Critchley, H.D., Wiens, S., Rotshtein, P., Ohman, A., Dolan, R.J., 2004. Neural systems 
supporting interoceptive awareness. Nat. Neurosci. 7 (2), 189–195. https://doi.org/ 
10.1038/nn1176. 

Damasio, A.R., 1994. Descartes’ Error: Emotion, Reason, and the Human Brain. Putnam. 
Damasio, A.R., Tranel, D., Damasio, H.C., 1991. Somatic markers and the guidance of 

behaviour: theory and preliminary testing. In: Levin, H.S., Eisenberg, H.M., 
Benton, A.L. (Eds.), Frontal Lobe Function and Dysfunction, Vol. 217–229. Oxford 
University Press. 

DeFranza, D., Mishra, H., Mishra, A., 2020. How language shapes prejudice against 
women: an examination across 45 world languages. J. Personal. Soc. Psychol. 119 
(1), 7–22. https://doi.org/10.1037/pspa0000188. 

DePaulo, B.M., Jordan, A., Irvine, A., Laser, P.S., 1982. Age changes in the detection of 
deception. Child Dev. 53 (3), 701–709. https://doi.org/10.2307/1129383. 

Dunn, B.D., Galton, H.C., Morgan, R., Evans, D., Oliver, C., Meyer, M., Cusack, R., 
Lawrence, A.D., Dalgleish, T., 2010. Listening to your heart. How interoception 
shapes emotion experience and intuitive decision making. Psychol. Sci. 21 (12), 
1835–1844. https://doi.org/10.1177/0956797610389191. 

Earp, B.D., Monrad, J.T., LaFrance, M., Bargh, J.A., Cohen, L.L., Richeson, J.A., 2019. 
Featured article: gender bias in pediatric pain assessment. J. Pediatr. Psychol. 44 (4), 
403–414. https://doi.org/10.1093/jpepsy/jsy104. 

Ekman, P., Friesen, W.V., 2003. Unmasking the face: a guide to recognizing emotions 
from facial clues. Malor Books. 

Fischer, A.H., Kret, M.E., Broekens, J., 2018. Gender differences in emotion perception 
and self-reported emotional intelligence: A test of the emotion sensitivity hypothesis. 
PloS One 13 (1), e0190712. https://doi.org/10.1371/journal.pone.0190712. 

Fischer, A.H., Manstead, A.S.R., 2000. The relation between gender and emotion in 
different cultures. In: Fischer, A.H. (Ed.), Gender and Emotion: Social Psychological 
Perspectives. Cambridge University Press, pp. 71–94. https://doi.org/10.1017/ 
CBO9780511628191.005. 

Fivush, R., Brotman, M.A., Buckner, J.P., Goodman, S.H., 2000. Gender differences in 
parent-child emotion narratives. Sex. Roles 42, 233–252. https://doi.org/10.1023/ 
A:71007091207068. 

Frieze, I.H., Ramsey, S.J., 1976. Nonverbal maintenance of traditional sex roles. J. Soc. 
Issues 32 (3), 133–141. https://doi.org/10.1111/j.1540-4560.1976.tb02602.x. 

Füstös, J., Gramann, K., Herbert, B.M., Pollatos, O., 2013. On the embodiment of 
emotion regulation: interoceptive awareness facilitates reappraisal. Soc. Cogn. 
Affect. Neurosci. 8 (8), 911–917. https://doi.org/10.1093/scan/nss089. 

Gajperia, C., McBride, J., Brewer, R. (2022). Recognition of others’ non-emotional 
interoceptive states in participants with and without eating disorders. [Manuscript in 
preparation]. Department of Psychology, Royal Holloway, University of London. 

Gendron, M., Barrett, L.F., 2009. Reconstructing the past: a century of ideas about 
emotion in psychology. Emot. Rev. 1 (4), 316–339. https://doi.org/10.1177/ 
1754073909338877. 

Giuliani, N.R., Drabant, E.M., Bhatnagar, R., Gross, J.J., 2011. Emotion regulation and 
brain plasticity: expressive suppression use predicts anterior insula volume. 
Neuroimage 58 (1), 10–15. https://doi.org/10.1016/j.neuroimage.2011.06.028. 

Goldin, P.R., McRae, K., Ramel, W., Gross, J.J., 2008. The neural bases of emotion 
regulation: reappraisal and suppression of negative emotion. Biol. Psychiatry 63 (6), 
577–586. https://doi.org/10.1016/j.biopsych.2007.05.031. 

Goldshmidt, O.T., Weller, L., 2000. "Talking emotions": gender differences in a variety of 
conversational contexts. Symb. Interact. 23, 117–134. 

Guterres, A. (2020). The gender power gap. United Nations. https://www.un.org/sg/en/ 
content/sg/articles/2020–03-02/the-gender-power-gap. 

Hall, J.A., 1978. Gender effects in decoding nonverbal cues. Psychol. Bull. 85, 845–857. 
Harver, A., Katkin, E.S., Bloch, E., 1993. Signal-detection outcomes on heartbeat and 

respiratory resistance detection tasks in male and female subjects. Psychophysiology 
30 (3), 223–230. https://doi.org/10.1111/j.1469-8986.1993.tb03347.x. 

Hayes, J.P., Morey, R.A., Petty, C.M., Seth, S., Smoski, M.J., McCarthy, G., Labar, K.S., 
2010. Staying cool when things get hot: emotion regulation modulates neural 
mechanisms of memory encoding. Front. Hum. Neurosci. 4, 230. https://doi.org/ 
10.3389/fnhum.2010.00230. 

Hobson, H., Brewer, R., Catmur, C., Bird, G., 2019. The role of language in alexithymia: 
moving towards a multiroute model of alexithymia. Emot. Rev. 11 (3), 247–261. 
https://doi.org/10.1177/1754073919838528. 

James, W., 1894. Physical basis of emotion. Psychol. Rev. 1, 516–529. 
Johnston-Robledo, I., Chrisler, J.C., 2013. The menstrual mark: Menstruation as social 

stigma. Sex Roles 68, 9–18. https://doi.org/10.1007/s11199-011-0052-z. 
Kanagawa, C., Cross, S.E., Markus, H.R., 2001. “Who am I?” The cultural psychology of 

the conceptual self. Personal. Soc. Psychol. Bull. 27, 90–103. https://doi.org/ 
10.1177/0146167201271008. 

Keller, H., Borke, J., Lamm, B., Lohaus, A., Dzeaye Yovsi, R., 2011. Developing patterns 
of parenting in two cultural communities. Int. J. Behav. Dev. 35 (3), 233–245. 
https://doi.org/10.1177/0165025410380652. 

Kever, A., Pollatos, O., Vermeulen, N., Grynberg, D., 2015. Interoceptive sensitivity 
facilitates both antecedent- and response-focused emotion regulation strategies. 
Personal. Individ. Differ. 87, 20–23. https://doi.org/10.1016/j.paid.2015.07.014. 

Khalsa, S.S., Adolphs, R., Cameron, O.G., Critchley, H.D., Davenport, P.W., Feinstein, J. 
S., Feusner, J.D., Garfinkel, S.N., Lane, R.D., Mehling, W.E., Meuret, A.E., 
Nemeroff, C.B., Oppenheimer, S., Petzschner, F.H., Pollatos, O., Rhudy, J.L., 
Schramm, L.P., Simmons, W.K., Stein, M.B., Stephan, K.E., Van den Bergh, O., Van 
Diest, I., von Leupoldt, A., Paulus, M.P., 2018. Interoception and mental health: a 
roadmap. Biol. Psychiatry.: Cogn. Neurosci. Neuroimaging 3 (6), 501–513. https:// 
doi.org/10.1016/j.bpsc.2017.12.004. 

Koch, A., Pollatos, O., 2014. Cardiac sensitivity in children: sex differences and its 
relationship to parameters of emotional processing. Psychophysiology 51 (9), 
932–941. https://doi.org/10.1111/psyp.12233. 

Kokkonen, P., Karvonen, J.T., Veijola, J., Läksy, K., Jokelainen, J., Järvelin, M.R., 
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