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Cultural values shape 
the expression of self‑evaluative 
social emotions
Antje von Suchodoletz1* & Robert Hepach2

Social emotions are key to everyday social life and therefore shaped by cultural values in their 
expression. Prior research has focused on facial expressions of emotions. What is less clear, however, 
is the extent to which cultural values shape other modalities of emotional expression. In the present 
study, we applied a novel paradigm using depth sensor imaging technology to capture changes in 
participants’ body posture in real time. We aimed to (1) identify the nuances in the postural expression 
that are thought to characterize social emotions and (2) assess how individual differences in cultural 
values impact the postural expression of emotions. Participants in two separate studies were 132 
undergraduate college students whose upper-body postural expansion was recorded after they 
recalled emotion episodes. Positive emotions elevated participants’ upper-body posture whereas 
negative emotions resulted in lowered upper-body posture. The effects on changes in upper-body 
posture were moderated by participants’ self-ratings of the vertical and horizontal dimensions of 
individualism and collectivism. The findings provide initial evidence of the nuances in the way cultural 
values influence the postural expression of emotions.

The capacity for culture is a hallmark characteristic of human sociality1. The psychological shape and breadth 
of human culture is based human-unique cooperative cognitions stemming from joint commitments to shared 
intentionality2. Virtually all major theories on human development, including Lev Vygotsky’s Sociocultural 
Theory, Barbara Rogoff ’s Transformation of Participation Perspective, and Urie Bronfenbrenner’s Bioecological 
Theory of Human Development, argue that the cultural context crucially shapes everyday experiences and social 
interactions with others3. When examining cultural mechanisms of human functioning, psychologists typically 
assessed aspects such as shared rules of social behavior and social institutions (i.e., “social culture”) and shared 
values and beliefs in a human group (i.e., “subjective culture”) (p. 646)4.

Cross-cultural psychological research has shed light on cultural differences in behavior, cognitions, and emo-
tions of people from different cultural backgrounds, predominately comparing Westerners and (East) Asians4–8. 
Differences have been found in perceptual processes, e.g., Westerners analyze an object of interest independent 
of its context whereas Asians focus on the relationship between the object and its context7. Such findings have 
been attributed to differences in cultural values regarding views of the self. Individuals from Western cultural 
backgrounds emphasize one’s independence, uniqueness, and autonomy; “The Western self is composed of fixed 
attributes and can move from one setting or context to another without significant alteration.” (p. 11,164)6,9. In 
contrast, individuals from Asian cultural backgrounds focus on a person’s interdependence, thus situating oneself 
in relation to significant others resulting in a view of the self that is highly dependent on the social context6,9. 
Individuals’ behavior, cognitions, and emotions are guided by such cultural values whereby social-contextual 
opportunities or constraints influence the strength and direction of the association10. With regard to emotions, 
social-contextual factors influence the desirability of emotions, the way in which emotions are expressed, and 
the (perceived) appropriateness of emotional expressions11–13.

An established (predominately Western) research tradition viewed people solely in terms of their member-
ship in cultural groups and contrasted these groups on the basis of differences in the relative emphasis placed on 
independence (labeled individualistic) versus interdependence (labeled collectivistic)14,15. Yet, cultural values, 
such as independence and interdependence, may coexist within individuals15. It is, therefore, critical to assess 
variation in cultural values at the individual level to isolate “the ‘active ingredients’ in cross-cultural differ-
ences” (p. 41)15. Methodologically, such an approach requires the assessment of elements of individualism and 
collectivism separately, ideally using multiple scales that tap a single specific dimension of individualism and 
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collectivism15. To capture variation at the individual level, Singelis and colleagues16 developed a measure to assess 
different dimensions, i.e., vertical and horizontal, of individualism and collectivism that are based on Triandis’ 
work17. The horizontal dimension is focused on equality, i.e., the status of one’s own self is equal to those of 
others. In contrast, the vertical dimension refers to inequality between one’s own self and the self of others, i.e., 
people do not see each other as the same16. Thus, horizontal individualism is focused on one’s independence 
(i.e., the desire to be unique and distinct). One’s own status (i.e., worth, dignity, and rights) is seen as equal to 
those of others. Vertical individualism is also focused on one’s uniqueness but the reference to hierarchical or 
subordinate social relations leads to competition with others in order to become distinguished and acquire 
status. Individuals who emphasize horizontal and collectivistic practices view the status of their self as similar 
to that of others and prioritize common goals, interdependence, and sociability. Vertical collectivism is focused 
on loyalty to one’s own group and interdependence, but in contrast to horizontal collectivism, individuals who 
emphasize vertical and collectivistic practices adhere to hierarchical or subordinate social relations within their 
group18. The vertical-horizontal, individualism-collectivism typology can crucially disentangle sources of cultural 
variation13. In contrast to previous findings on how culture influences verbal self-report measures, much less 
is known about whether and how culture impacts non-verbal measures of cultural identity such as experienced 
(and expressed) social emotions.

Emotions, in particular social emotions, are powerful communicative commitment devices that regulate social 
interactions19–21. The classification of emotions as social is based on the nature of its underlying core evaluation or 
appraisal. Because social emotions necessarily depend on other people, either directly (experiencing or imagining 
their thoughts, feeling or actions) or indirectly (considering social norms or conventions), appraisals implicitly 
or explicitly refer to social factors and an event’s relevance to such factors22. The experience and expression of 
social emotions is thus dependent upon one’s appraisal of social factors whereas this is less the case for other 
emotions22. According to componential emotion models, an “appraisal is […] considered the central mechanism 
in the elicitation and differentiation of emotion. […] Emotions characterized by different appraisal profiles are 
expected to have different expression patterns.” (p. 1087)23.

Appraisal processes relate to the informational functions of emotions. Emotions provide information that 
is vital for successfully navigating one’s social life, that is, information about feelings, desires, motivations, and 
intentions12,13. Social-functional approaches to emotion argue that the information is both, intrapersonal (i.e., 
relevant to the self) and interpersonal (i.e., relevant to observers)12. The informational content is shaped by social-
contextual factors, such as cultural norms and values12,13. For example, Matsumoto and colleagues24,25 argue that 
individuals from Western cultural contexts place a greater emphasis on the intrapersonal meaning of emotions. 
That is, emotions are viewed as important personal experiences that promote uniqueness, separateness, and 
autonomy, all of which are important cultural values of independence. In contrast, individuals from Asian cultural 
contexts emphasize the interpersonal meaning of emotions. Emotions are seen as interactive experiences that 
promote cultural values of interdependence, i.e., harmony and cooperation with significant others. The different 
foci correspond with prevailing conceptualizations of emotions26. Consistent with the assumptions underlying 
the distinction between independence versus interdependence, prior research suggests that individuals from 
Western cultural contexts understand emotions as primarily “residing within people” whereas individuals from 
Asian cultural contexts view emotions “as residing between people” (p. 1428)26. For example, it was found that 
the reported frequency of positive emotions was related to the frequency of interpersonally disengaged positive 
emotions for Westerners but with interpersonally engaged emotions for Asians5. This is consistent with findings 
that individuals from Asian cultural contexts are more likely to experience and express emotions in relational 
contexts. In contrast, individuals from Western cultural contexts are more likely to experience and express emo-
tions when the focus is on the individual26.

Taken together, emotions crucially regulate human social interactions27,28 and individuals rely on various 
modalities (facial expression, prosody, body motion, posture) when expressing emotions29,30. Building on Ekman’s 
seminal work31,32, prior research has focused on facial expressions of emotions. More recently, the literature 
has called for greater attention to other modalities of emotional expression33. In particular, research on the 
affective body context has emerged rapidly, recognizing body posture as an important medium for emotional 
expression23,29,30. In fact, when adults are asked to identify emotions from combinations of facial expression and 
body posture, it is body posture that trumps facial expression29,34–37.

Postural changes are reliably identifiable from a person’s gait38 as well as whole-body movement23. Most 
previous empirical work had adult raters code posture changes from video recordings38–40, photographs41–43, 
drawings44, and computer-animated mannequins or point light displays45,46. What is crucially needed, however, 
is a reliable automated and objective measure of body posture that allows us to (1) identify the nuances in the 
expression that are thought to characterize social emotions and (2) assess how individual differences in cultural 
values impact the expression of emotions, specifically postural expression. In the present study, we applied a 
novel paradigm using depth sensor imaging technology to capture changes in participants’ body posture in 
real time47–49. Specifically, we recorded adult participants’ upper-body posture in response to recalling distinct 
emotional episodes and we explored effects of participants’ self-reported cultural values on their respective 
postural expression. Informed by emotion theory, we focused on social emotions because they are associated 
with mentally representing another person’s thoughts, feelings and/or action to an experience22,50 and their 
expression, therefore, is thought to be regulated by how cultural values shape one’s view of the self in relation 
to others. We selected two common and prototypical social emotions: one of positive valence, pride, and one of 
negative valence, shame (for review22). We further included two other emotions that matched the social emo-
tions in valence but are not considered to be social: one with positive valence, joy, and one with negative valence, 
disappointment. The inclusion of these more basic emotions allowed us to test if the variation in the postural 
expression is specific to social emotions—and not any positive or negative emotion.
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Based on previous findings on self-reported cultural values, our specific research aims were as follows: (1) 
to explore the unique expression of social emotions via changes in participants’ live posture and (2) to test 
how cultural values along the vertical-horizontal, individualism-collectivism typology relate to changes in the 
postural expression of social emotions. First it is important to analyze if postural expression allows for emotion 
differentiation, i.e., conveys emotion-specific information. Past studies found that slouch postures relate to nega-
tive emotions whereas erect postures relate to positive emotions51. We therefore investigated differences in the 
postural expression between the four selected emotions, i.e., pride, shame, joy and disappointment, independent 
of whether they are social or not, and expected positive emotions (pride and joy) to result in an increase in upper-
body posture and negative emotions (shame and disappointment) to result in a decrease in postural elevation. 
Furthermore, we tested whether the absolute difference in postural expression between the positive (pride) 
and negative (shame) social emotion can be explained by the general expected difference between positive and 
negative emotions. Second, we explored whether change in postural expression of social emotions is influenced 
by participants’ cultural values. Because of the lack of prior research, we did not formulate specific hypotheses 
for each of the individualism-collectivism dimensions. Furthermore, we explored whether effects of cultural 
values on the postural expression of social emotions was explained by effects of the same cultural values on the 
postural expression of other emotions to help the interpretation of the results with regard to cultural variation 
in the postural expression of social emotions.

To investigate body posture differences, we recorded participants’ upper-body postural expansion in response 
to imagery of two social emotions of negative and positive valence and two other emotions matching the valence 
of the social emotions. These analyses were preregistered. We ran two additional analyses on participants’ lower 
body posture to determine whether effects were specific to changes in upper-body posture. Participants were 
132 undergraduate college students studying abroad. Students were recruited from an international university 
that enrolls students from more than 100 countries. We collected two different samples from the same popula-
tion of students, one in April/May 2018 (Study 1) and one in November/December 2018 (Study 2). Changes in 
participants’ body posture were measured using a Microsoft Kinect depth sensor camera (see Fig. 1). The Kinect 
was controlled using series of Matlab-routines which track 20 skeletal points per frame for up to two individuals 
present in the frame. The code is publicly available (Github-link masked for review). To capture participants’ 
posture, we asked them to walk toward the Kinect camera at the beginning of the study (baseline phase) and fol-
lowing a series of emotion inductions (test phase). We calculated the change in postural elevation from baseline 
to each of the emotion elicitation trials. We ran 2 identical separate studies (n = 66 each) to replicate the findings 
on participants’ posture. In addition, we combined data from both studies to investigate individual differences 
in cultural variables on emotional (postural) expressiveness. Both studies were preregistered on the open science 
framework: Study 1: https://​osf.​io/​9qbpw; Study 2: https://​osf.​io/​4cjga.

Using a within-subjects design, participants completed a total of 10 trials: 2 baseline trials and 2 test trials for 
each of the following emotions: pride, shame, joy, and disappointment. The baseline trials were always presented 
first while the trials for each emotion were blocked in trials of 2. The presentation of the 4 emotion blocks was 
randomized (using randomize.org). In the baseline trials, participants were asked to walk toward the Kinect in 
a relaxed natural manner (see Fig. 2).

In the test trials, they were asked to recall an emotional experience and then walk toward the Kinect. Per 
emotion we captured two successive walks. Following each set of emotion walks, participants wrote down the 
event they recalled on a paper. After their final, 10th, walk subjects were asked to complete a questionnaire on 
demographic information, cultural values along the vertical-horizontal, individualism-collectivism typology, 
and a brief measure of perceived positive and negative affect (PANAS Scales52). In total, the data collection took 
between 20–30 min. The identical design was used both Study 1 and Study 2.

Results
We first present the results of our analyses looking at the impact of the induced emotions on changes partici-
pants’ upper-body posture. The results are presented separately for each study to demonstrate that the pattern of 
results obtained in Study 2 was similar to Study 1. We then present the results of the analyses investigating the 
impact of self-reported cultural values on posture using the large sample comprising both study samples. In the 
following, we report p-values for our main model comparisons, and we quantify the nature of statistical effects 
through reporting effect sizes, i.e., differences between group means, unstandardized β-coefficients, along with 
95% confidence following prior recommendations54.

Variation in upper‑body postural expression of emotions (model 1 for both study 1 and 2).  We 
first analyzed the data from each study separately to investigate the main effect of emotion on participants’ pos-
tural expression. We found that participants’ change in upper-body posture was systematically different between 
the four emotions, Study 1: χ2 (df = 6) = 62.34, p < 0.001, R2(marginal) = 0.05 (see Fig.  3; see also Table  1 for 
details) and Study 2: χ2 (df = 6) = 105.68, p < 0.001, R2(marginal) = 0.08 (see Fig. 4 see also Table 1 for details). The 
pattern of results was similar across both studies. More specifically, postural elevation was greatest when subjects 
recalled an event of feeling pride (Study 1: M = 0.25 cm, SD = 0.78 cm; Study 2: M = 0.36 cm, SD = 0.56 cm) com-
pared to joy (Study 1: M = 0.07 cm, SD = 0.84 cm; Study 2: M = 0.08 cm, SD = 0.96 cm), disappointment (Study 
1: M =  − 0.37 cm, SD = 0.85 cm; Study 2: M = -0.53 cm, SD = 0.69 cm), and lowest when recalling an experience 
of shame (Study 1: M =  − 0.55 cm, SD = 1.04 cm; Study 2: M =  − 0.62 cm, SD = 0.83 cm). We found no effect for 
gender (Study 1: χ2 (df = 4) = 7.52, p = 0.11; Study 2: χ2 (df = 4) = 3.19, p = 0.53), no interaction effect of gender and 
emotion (Study 1: χ2 (df = 3) = 6.99, p = 0.07; Study 2: χ2 (df = 3) = 1.51, p = 0.68), and no effect of trial (Study 1: χ2 
(df = 1) = 0.25, p = 0.62; Study 2: χ2 (df = 1) = 1.79, p = 0.18). For Study 1, we found no main effect of the control 

https://osf.io/9qbpw
https://osf.io/4cjga


4

Vol:.(1234567890)

Scientific Reports |        (2021) 11:13169  | https://doi.org/10.1038/s41598-021-92652-8

www.nature.com/scientificreports/

predictor variable time-distance (χ2 (df = 1) = 3.75, p = 0.05) whereas for Study 2 the main effect was statistically 
significant (χ2 (df = 1) = 7.82, p = 0.01) but independent of the main effect of emotion.

Variation in lower‑body postural expression of emotions (Model 2 for both Study 1 & 2).  In 
Study 1, the analyses of changes in participants’ lower-body posture (i.e., hip height) revealed a main effect of 
emotion, χ2 (df = 6) = 15.01, p = 0.02. However, we did not find the same pattern compared to the results on par-
ticipants’ upper-body posture changes. With regards to lower-body posture, the change was greatest when sub-
jects recalled feeling joy (M = 0.32, SD = 2.11) compared to shame (M = 0.14, SD = 1.78), disappointment (M = 0, 
SD = 0.69), and pride (M =  − 0.01, SD = 0.96). We found no effect for gender (χ2 (df = 4) = 7.52, p = 0.11), an inter-
action effect of gender and emotion (χ2 (df = 3) = 11.75, p = 0.01), no effect of trial (χ2 (df = 1) = 1.91, p = 0.17), and 
no effect of time-distance (χ2 (df = 1) = 0.02, p = 0.9).

In Study 2, the analyses of the change in participant’s lower-body posture revealed no main effect of emo-
tion, χ2 (df = 6) = 5.52, p = 0.48. With regards to hip height, the change was greatest when subjects recalled feeling 
joy (M = 0.1, SD = 0.66) compared to shame (M = 0.02, SD = 0.65), disappointment (M =  − 0.01, SD = 0.58), and 
pride (M =  − 0.13, SD = 0.92). We found no effect for gender (χ2 (df = 4) = 3.19, p = 0.53), no interaction effect 
of gender and emotion (χ2 (df = 3) = 1.51, p = 0.68), no effect of trial (χ2 (df = 1) = 1.79, p = 0.18), and an effect of 
time-distance (χ2 (df = 1) = 7.82, p = 0.01).

The influence of cultural values on the upper‑body postural expression of emotions (Model 3 
including study 1 & 2).  The cultural variables had a combined influence on participants’ change in upper-
body posture, χ2 (df = 16) = 38.72, p < 0.001, R2(marginal) = 0.07 (see Fig. 5 and Table 2). We found an effect of 
gender (χ2 (df = 1) = 5.09, p = 0.02), no effect of trial (χ2 (df = 1) = 1.88, p = 0.17), an effect of time-distance (χ2 
(df = 1) = 18.01, p < 0.001), and no effect of age (χ2 (df = 1) = 0.12, p = 0.73).

Figure 1.   An illustration of the data captured by the Kinect motion sensor imaging technique. (a) RGB image 
(similar to regular video camera), (b) depth contour image, (c) estimated skeletal joints, (d) mapping of the 
estimated skeletal joints onto the RGB image. This study only used the output as shown in image (c). Illustration 
from Leonore Blume (https://​noblu.​de/).

https://noblu.de/
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Exploratory analyses.  Exploratory analyses are reported in the online supplement. We analyzed whether 
the absolute difference in postural expression between the positive (pride) and negative (shame) social emotion 
can be explained by the general expected difference between positive and negative emotions. Additional explora-
tory analyses regarding associations between changes in participants’ upper-body posture and their PANAS-
ratings of the extent to which they have felt positive and negative feelings and emotions in everyday life can be 
found in the online supplement.

Discussion
Previous research had not directly investigated the impact of cultural values on the experience and expression of 
self-evaluative social emotions, in particular when non-verbal measures are used. The present set of studies are 
the first to capture participants’ live postural expression after they recalled emotion episodes reflecting shame, 
pride, disappointment, and joy. We found that positive emotions elevated participants’ upper-body posture 
whereas negative emotions resulted in lowered upper-body posture. This pattern was found across two separate 
samples and, by and large, replicates prior work demonstrating that positive emotions have an uplifting effect 
on body posture whereas negative emotions do not23,38,45. The automated assessment of adults’ body posture 
thus provides an objective means to measure degrees of valence that distinguish positive (high valence) from 
negative (low valence) emotions51. In addition, our results showed that the difference between positively and 
negatively valenced emotions was greater for social than for more basic emotions. Specifically, when participants 
recalled a pride episode this resulted in greater postural elevation than recalling joy. Likewise, recalling shame 
resulted in a more slouched upper-body posture than recalling disappointment. This pattern of results speaks to 
previous research arguing that social emotions are deep-felt by individuals55. Social emotions are dependent on 

Figure 2.   Illustration of the scene when participants walked toward the Kinect camera. Illustration from 
Leonore Blume (https://​noblu.​de/).

https://noblu.de/
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other people22 and, thus, are key components in the regulation of social behavior56. Shame, for example, is felt 
as a penalty for violating (social) norms or failing to meet (social) standards. In contrast, pride is an emotion 
experience to meeting and exceeding (social) standards57. In addition, both shame and pride are influenced by 
the presence of observers such that their expressions are exaggerated when they are being watched. The fact that 
participants in the current study were observed by the experimenter may have further contributed to the greater 
expressiveness of the social compared to the basic emotions.

Overall, our findings provide further support for conceptualizing social emotions as commitment devices to 
regulate social relationships12,55,58. On such an account, social, self-evaluative, emotions should be particularly 
influenced by cultural values given that culture uniquely shapes societally norms and values57,59. Cross-cultural 
work shows that cultures, e.g., Western individualistic compared to Eastern collectivist, impact the degree to 
which social emotions such as shame are experienced and expected in everyday life56. Furthermore, while the 
expression and prevalence of social emotions may vary across cultures the general structure of the expression 
of social emotions, e.g., in the case of pride, appears to be a cross-cultural universal60. Against this background, 
the results of the present studies suggest that the influence of cultural values may be more nuanced than previ-
ously documented. Our systematic assessment of individualism and collectivism along horizontal and vertical 
dimensions revealed that the postural expression of social emotions was uniquely impacted by these self-reported 
cultural values. In the case of pride, an interesting finding was that horizontal collectivistic values had a posture-
elevating effect on participants’ upper-body posture. Pride is an emotion geared toward enhancing and affirming 
the self (p. 273)61. In part, the emotional experience of pride involves judging one’s own abilities against others 

Figure 3.   Results of Study 1. The average baseline-corrected change in upper-body posture. The center line of 
each box represents the group mean whereas the edges of each box represent the 95% confidence interval from 
the mean. Points represent each individual subject’s change in posture in the respective condition. Note that 10 
values, either greater than 2.5 cm or smaller than  − 2.5 cm are not displayed to increase the scaling of the boxes 
but these values were included in the statistical analyses.

Table 1.   A summary of the average changes in upper-body posture elevation for each the four emotions in 
each of the studies.

Pride Joy Shame Disappointment

Study 1 M = 0.25, SD = 0.78, 95% CI [0.06 0.45] M = 0.07, SD = 0.84, 95% CI [− 0.14 0.28] M =  − 0.37, SD = 0.85, 95% CI 
[− 0.59 − 0.17]

M =  − 0.55, SD = 1.04, 95% CI 
[− 0.81 − 0.29]

Study 2 M = 0.36, SD = 0.56, 95% CI [0.21 0.5] M = 0.08, SD = 0.59, 95% CI [− 0.07 0.25] M =  − 0.53, SD = 0.69, 95% CI 
[− 0.72 − 0.37]

M =  − 0.62, SD = 0.83, 95% CI 
[− 0.82 − 0.39]
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which seems to contradict cultural values of equality and interdependence of the self (horizontal collectivism), 
in particular when pride is about one’s individual self61. Indeed, it has been found that in some collectivistic 
cultures pride is not a desirable emotion despite its positive valence62. To further the understanding of the com-
plexities concerning cultural variation in pride expression it will be important for future research to distinguish 
between group pride (i.e., pride that results from accomplishments of others) and pride that results from one’s 
own accomplishments in order. Alternatively, the effect of the cultural pattern of horizontal collectivism on the 
postural expression of pride may be because individuals view themselves in the same way as they view others 
within their own group, including their emotions. Research documenting an in-group bias in both emotion 
recognition and emotion expression may speak to this assumption61.

A different pattern was found for the influence of the four cultural variables on the postural expression of 
the emotion joy. Here the scale horizontal individualistic had the greatest influence while the scale vertical indi-
vidualistic resulted in a negative beta-slope on the upper-body expression after adults recalled experiencing joy. 
Horizontal individualism is characterized by an independent self which—at the same time—is equal in status 
with others16. Vertical individualism further emphasizes an independent self, but people do not see each other 
as the same, thus, accepting inequality16. The finding of differences in the effect of these two cultural patterns 
on the postural expression of joy (both in direction and in strength) speaks to previous research arguing that 
there are cultural nuances in the experience and expression of emotions, even between two cultural patterns 
that share similar attributes (such as that both horizontal individualism and vertical individualisms postulate 
an autonomous self)61.

In comparison to positive emotions, the impact of cultural values on negative emotions was more bidirec-
tional: Horizontal collectivistic and vertical individualistic scales had an elevating effect on posture whereas 
horizontal individualistic and vertical collectivistic scales had a negative effect. Vertical collectivism views the self 
as interdependent (similar to horizontal collectivism) but the individual self is different from the self of others, 
reflecting inequality (similar to vertical individualism)16. Overall, the effects of cultural values on posture were 
similar across the negative compared to the positive emotions. One possible explanation for this pattern is the 
negativity bias in emotion perception and expression which has deep ontogenetic roots63,64. Negative emotions 
signal danger and prompt rapid responses in observers to adjust their behavior. This biological adaption may 
overwrite the cultural influences on negative emotions, but this needs to be a topic for future research.

Figure 4.   Results of Study 2. The average baseline-corrected change in upper-body posture. The center line of 
each box represents the group mean whereas the edges of each box represent the 95% confidence interval from 
the mean. Points represent each individual subject’s change in posture in the respective condition. Note that 10 
values, either greater than 2.5 cm or smaller than  − 2.5 cm are not displayed to increase the scaling of the boxes 
but these values were included in the statistical analyses.
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Limitations
The present studies did not systematically investigate the effects of demand characteristics on changes in par-
ticipants’ body posture. In our studies, the experimenter providing the instructions was turned away from the 
situation while participants walked toward the Kinect while the crucial measure of body posture was taken 
during each trial. It is, however, plausible that participants expressed each emotion in a way they thought was 

Figure 5.   The influence of self-reported culture variables on participants’ upper-body posture for Studies 1 
and 2 combined. The individual data points represent the beta-coefficients from fitting Model 3. The error bars 
represent + /− 1 standard error.

Table 2.   The results of the analyses based on the aggregated data from studies 1 and 2. HoCol horizontal-
collectivism, HoInd horizontal-individualism, VeCol vertical-collectivism, VeInd vertical-individualism.

Emotion Category Valence Culture variable β-coefficient Standard error 95% CI (lower)
95% CI 
(upper)

Disappointment Other Negative HoInd  − 0.061 0.065  − 0.190 0.068

Disappointment Other Negative VeCol  − 0.129 0.080  − 0.287 0.029

Disappointment Other Negative HoCol 0.022 0.068  − 0.113 0.157

Disappointment Other Negative VeInd 0.054 0.065  − 0.075 0.183

Shame Social Negative HoInd  − 0.091 0.073  − 0.235 0.053

Shame Social Negative VeCol  − 0.044 0.090  − 0.222 0.134

Shame Social Negative HoCol 0.033 0.076  − 0.117 0.183

Shame Social Negative VeInd 0.113 0.070  − 0.026 0.252

Joy Other Positive HoInd 0.176 0.061 0.055 0.297

Joy Other Positive VeCol 0.063 0.075  − 0.085 0.211

Joy Other Positive HoCol 0.108 0.064  − 0.019 0.235

Joy Other Positive VeInd  − 0.006 0.063  − 0.131 0.119

Pride Social Positive HoInd 0.087 0.060  − 0.032 0.206

Pride Social Positive VeCol 0.098 0.072  − 0.044 0.240

Pride Social Positive HoCol 0.025 0.062  − 0.098 0.148

Pride Social Positive VeInd  − 0.003 0.061  − 0.124 0.118
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the most appropriate (or most expected of them). In addition, individuals with a certain value orientation may 
have been better at displaying emotions in line with (perceived) expectations by the experimenter. In this way 
participants may have expressed a ‘cultural prototype’ or a display rule for each emotion as opposed to expressing 
their own genuine feelings at the moment when we took the posture measurement. In addition, an as is the case 
with the majority of studies with adults, participants were aware of being recorded. It would require a different 
study design, one that involved temporarily deceiving participants to motivate them to behave ‘as if no one was 
watching’. We did not think that such levels of deceit were justified given our main research questions. The pos-
sibility that demand characteristic influenced participants’ body posture does not undermine or confound our 
experimental manipulation or individual differences analyses. It does however provide an interesting avenue for 
future research, one that tests whether reducing demand characteristics results in different patterns compared 
to the ones we found. Although social emotions necessarily depend on other people, at the time the emotion 
is experienced the physical presence of another person is not required22,50. In other words, social emotions are 
experienced regardless of whether another person is present or not. We consider this is to be an empirical ques-
tion in its own right.

While our findings, together with previous research on cultural similarities and differences in emotion 
expression24,25, may lead to new hypotheses regarding cultural influences on the emotions, it is important to 
note, that the pattern of results observed in the present set of studies is specific to the emotions that we selected, 
the instructions for recalling the emotions, and the sample of participants we recruited (undergraduate students 
enrolled in an international university that has a distinctive focus on intercultural understanding). It will there-
fore be important to expand the range of social emotions and to compare social emotions of the same valence (for 
example, two negative social emotions, such as shame and guilt). It will also be important to include a different 
sample of participants (other than undergraduate college students; recruited from different cultural contexts) 
and to observe postural expression in naturalistic situation when emotions are expressed spontaneously. In 
addition, the cultural values of interest were chosen to reflect the established independence-interdependence 
spectrum to understand how cultural values shape the expression of self-evaluative social emotions. Building 
on these initial findings, further (and more specific) values can be investigated with regard to their influence on 
emotions. Previous research on values suggests that, for example, the specific motivational element of a value in 
conjunction with the value’s focus (social versus personal) shape how individuals cope with their environment11. 
Thus, a value-based account of emotions may help disentangle cultural influences in the emotion process11,65.

Conclusions
Taken together, the results of the present studies suggest that cultural values along the vertical-horizontal and 
individualism-collectivism typology shape the postural expression of self-evaluative social emotions. Impor-
tantly, instead of assessing differences in cultural values between groups, we assessed each participant’s cultural 
values along this typology, thus, recognizing that specific cultural values may coexist within individuals15. This 
investigation yielded initial evidence of the nuances in the way cultural values influence the postural expression 
of emotions. Cultural values viewed as subjective construal rather than dichotomizing individualistic or col-
lectivistic group patterns can explain individual differences in the function of body posture for the experience 
and expression of social emotions. Framed this way, the field may overcome “value judgment that one cultural 
system (often individualism) was better or more advanced than the other cultural system (often collectivism)” 
(p. 111)66 and contribute new insights into the ingredients for any observed differences and the subtle ways that 
cultural values exert influence on cognition and behavior.

Methods
The study protocol complies with all ethical regulations for research with human subjects and was approved by 
the Institutional Review Board of New York University Abu Dhabi (UAE) prior to data collection (IRB Protocol 
# 028-2018). Written informed consent for study participation was obtained from all subjects prior to participat-
ing. At the end of the study, all participants were debriefed and received monetary compensation equivalent to 
7 USD for their participation.

Participants study1
Students (n = 66, 36 females) were on average 20.11 years old (SD = 1.46). Students were from diverse cultural 
backgrounds, 15 classified themselves as East-Asian, 9 each as South-Asian, European and African, 5 as Ameri-
can, and 4 as Arabic (missing information for 15 students). They lived, on average, 14.93 years in their country 
of origin (SD = 5.87). Students were asked to rate how much they identify with the cultural beliefs, values and 
norms of their country of origin (M = 3.44, SD = 0.90, using a 5-point Likert-type scale [1 = not at all; 3 = some-
what; 5 = very much]). Half of the students (34) were in their freshmen year, 13 in the sophomore year, 6 in the 
junior year, and 13 in their last year of college. Students were enrolled in 18 different majors (out of the total of 24 
undergraduate majors offered at the university). Students (83%) who knew their GPA reported an average GPA 
of 3.67 (SD = 0.31). The remaining students gave an estimate of their GPA (M = 3.38, SD = 0.36). Two of the 66 
subjects were excluded because they did not provide data on every test trial due to technical equipment failure.

Participants study 2
Students (n = 66, 31 females) were, on average, 19.55 years (SD = 1.60). The cultural background of students was 
again diverse; 17 students classified themselves as from a European background, 14 students as East-Asian, 11 
students as South-Asian, 10 as African, 7 as American, and 3 as Arabic (missing information for 4 students). They 
lived, on average, 14.51 years in their country of origin (SD = 6.11). When asked how much they identify with 
the cultural beliefs, values and norms of their country of origin, the mean was very similar to the first sample 



10

Vol:.(1234567890)

Scientific Reports |        (2021) 11:13169  | https://doi.org/10.1038/s41598-021-92652-8

www.nature.com/scientificreports/

(M = 3.45, SD = 0.88). Almost half of the students (n = 32) were in their freshmen year, 11 were sophomores, 7 
juniors, and 16 seniors. Students were enrolled in 16 different majors. Forty-one percent of students knew their 
GPA (M = 3.69, SD = 0.26); 42% reported an estimate of their GPA (M = 3.50, SD = 0.30). The information was 
missing for 17%. One of the 66 subjects was excluded because no data could be recorded for any of the test trials 
due to technical equipment failure.

Procedure and measures
The data was collected by the first author. Participants were met in the study room. They were briefed about the 
aims and procedure of the study and gave written informed consent prior to participating. At the beginning of 
the data collection, participants were given the following instruction: “This is a method to measure emotional 
expression. For this purpose, we would like you to walk toward the Kinect twice for each emotion. At the very 
beginning, we will conduct a baseline measurement for which we ask you to walk in a relaxed natural manner 
(again twice). Afterward I will read out the instructions for each emotion, four in total. In total, we will take 
10 measurements. We record only postural information. Are you ready for the baseline walk? Please walk in 
a relaxed natural manner.” Following the two baseline trials, participants were asked to recall an emotional 
experience. Each emotion trial began with the experimenter providing participants with emotion induction 
instructions (see Table 3).

Per emotion we captured two successive walks. All walks were initiated at about 7 m away from the Kinect 
camera. The Kinect camera was placed at height = 0.85 m from the ground and at distance from participants’ 
starting position = 3.7 m, with an angle of the camera = 11°. To minimize a potential bias due to the presence of 
the experimenter in the study room who was aware of the hypotheses, the experimenter turned her back to the 
participant during the walks so as to not face nor look at participants. For each walk, the recording was manually 
initiated by the experimenter once subjects started their walk and was manually stopped by the experimenter 
once subjects finished their walk. This was done via the live camera feed shown on the laptop. Only the participant 
and the experimenter were present during the recording. Following the two walks for each emotion, participants 
briefly described the event they recalled on a paper before continuing with the next emotion induction. Partici-
pants could sit at a table that was placed in the center of the room while completing the document. We scanned 
each document which contained description of the events participants recalled during each emotion induction. 
We did not qualitatively analyze these vignettes but the data are available from the authors upon request.

Cultural values along vertical‑horizontal, individualism‑collectivism typology.  We used the 
Individualism-Collectivism Scale67 to assess four dimensions of collectivism and individualism: vertical col-
lectivism, vertical individualism, horizontal collectivism, and horizontal individualism. Each dimension was 
assessed by four items, answered on a 9-point Likert-type scale (ranging from 1 = never or definitely no to 
9 = always or definitely yes). Though participants used the entire scale range for their responses, an inspection of 
the frequency of values at the item level indicated that responses were skewed toward the upper end of the scale 
(means ranged between 4.29 to 7.65; skewness ranged between  − 1.43 to 0.11).

We created latent constructs for each of the four dimensions, using confirmatory factor analysis (CFA) for 
the combined sample of both Study 1 and Study 2. The analyses were run in MPlus (Version 7.4 Mac) using 
Maximum Likelihood Robust (MLR) estimator. The initial CFA indicated poor model fit (RMSEA = 0.085 [90% 
CI: 0.067–0.103]; CFI = 0.771; TLI = 0.719; SRMR = 0.094). A closer inspection of the results revealed that for 
each dimension, the loading of one item was not significant (vertical collectivism: item 15 [It is important to me 
that I respect the decisions made by my groups.]; vertical individualism: item 16 [When another person does better 
than I do, I get tense and aroused.]; horizontal collectivism: item 3 [If a classmate gets a prize, I would feel proud.]; 
horizontal individualism: item 14 [My personal identity, independent of others, is very important to me.]). The 
CFA was repeated without these four items which increased fit indices (RMSEA = 0.063 [90% CI: 0.030–0.090]; 
CFI = 0.922; TLI = 0.892; SRMR = 0.064). We inspected modification indices based on which we allowed two items 
to correlate (item 5 [Winning is everything.] WITH item 9 [Family members should stick together, no matter what 
sacrifices are required.]). The resulting model fit was good (RMSEA = 0.049 [90% CI: 0.000–0.080]; CFI = 0.953; 

Table 3.   Emotion induction instructions.

Emotion Induction instructions

Joy (positive, other)
The emotion to be displayed is joy. Can you recall an event that made you feel joy? It is important that 
you think of a situation that is not related to pride. Try to recall that feeling. Imagine s specific situation 
and the surroundings. Take your time until you feel the emotion. Once you are ready you can walk 
toward the camera

Pride (positive, social)
The emotion to be displayed is pride. Can you recall an event that made you feel pride? Try to recall 
that feeling. Imagine a specific situation and the surroundings. Take your time until you feel the emo-
tion. Once you are ready you can walk toward the camera

Disappointment (negative, other)
The emotion to be displayed is disappointment. Can you recall an event that made you feel disappoint-
ment? It is important that you think of a situation that is not related to shame. Try to recall that feeling. 
Imagine a specific situation and the surroundings. Take your time until you feel the emotion. Once you 
are ready you can walk toward the camera

Shame (negative, social)
The emotion to be displayed is shame. Can you recall an event that made you feel shame? Try to recall 
that feeling. Imagine a specific situation and the surroundings. Take your time until you feel the emo-
tion. Once you are ready you can walk toward the camera
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TLI = 0.934; SRMR = 0.065). The factor loadings of all items were significant (p = 0.000) and the standardized 
factor loadings of all but one item were above 0.500 (see Table 4). The reliability of each of the four dimensions 
was acceptable in the present data set (Cronbach’s alpha ranged between 0.62 and 0.76 which is comparable 
to the reliability reported in previous research68). We extracted the factor scores for each of the four cultural 
dimensions for each participant to explore whether change in postural expression is influenced by participants’ 
cultural values.

Positive and negative affect.  The PANAS (Positive and Negative Affect Schedule) Scales52 were used 
as a brief measure of individuals’ perceived positive and negative feelings and emotions in everyday life. Previ-
ous research has documented that positive and negative affect are two dominant and relatively independent 
dimensions of affect52. Participants are instructed to indicate the extent to which they have felt different feel-
ings and emotions over the past week, using 5-point Likert-type scale (ranging from 1 = very slightly or not 
at all to 5 = very much). Each dimension is measured with 10 items. We created latent constructs for each of 
the four dimensions, using confirmatory factor analysis (CFA) for the combined sample of both Study 1 and 
Study 2. The analyses were run in MPlus (Version 7.4 Mac) using Maximum Likelihood Robust (MLR) esti-
mator. The initial CFA indicated less optimal model fit (RMSEA = 0.056 [90% CI: 0.039–0.072]; CFI = 0.897; 
TLI = 0.884; SRMR = 0.080). A closer inspection of the results revealed that the factor loading of item 12 (“alert”) 
was not significant. The CFA was repeated without item 12 which increased fit indices (RMSEA = 0.029 [90% CI: 
0.000–0.052]; CFI = 0.975; TLI = 0.971; SRMR = 0.067). The reliability of the two dimensions was acceptable in 
the present data (Cronbach’s alpha was 0.86 for positive affect and 0.81 for negative affect which is comparable to 
the reliability reported in previous research52). We extracted the factor scores for each of the two dimensions for 
each participant to explore whether changes in participants’ upper-body posture correlated with their PANAS-
ratings of the extent to which they have felt positive and negative feelings and emotions in everyday life.

Statistical analyses
The posture data were recorded and pre-processed using pre-established algorithms (Github-link: https://​github.​
com/​rhepa​ch/​Kinect). For each test trial, we extracted 20 data points per participants reflecting the xyz-coor-
dinates of each of the skeletal joints. The 20 data points resulted from dividing up the distance that participants 
walked toward the Kinect into 20 equally sized distance bins between 3.2 and 1.2 m away from the Kinect (see 
also47,49). This resulted in 20 baseline-corrected data points reflecting participants’ walk toward the Kinect motion 
sensor. For each of the 20 data points (bins across subjects) from the Kinect camera we determined the propor-
tion of found samples across all participants and trials. Those bins for which the proportion was below 90% of 
the median proportion were excluded from the statistical analyses (details are provided in the analysis scripts: 
https://​osf.​io/​v56jn/. This final validation check revealed that the first 16 bins (18 bins for Study 2), from 3.2 to 
1.6 m, provided sufficient data density. Therefore, we entered 16 (18 Study 2) data points per trial per participant 
which we here refer to as the predictor variable ‘time-distance’ because it reflects the combined information from 
participants walking toward the Kinect during each test trial.

For the change in upper-body posture (i.e., the change in chest height) we ran linear mixed models (Gauss-
ian error distribution) in R using the function lmer() (package lme4)69. We ran the same models for the change 
in lower-body posture (i.e., the change in hip height) as control analyses. The statistical significance was tested 
through calculating likelihood-ratio tests using the function drop1(). In each of the following models we included 
trial (4 data points) and time-distance of participants walking toward the Kinect-camera (16 data points, 18 data 
points for Study 2, per subject and trial) as control variables, subject as a random intercept, random slopes of 
time-distance on subject, random slopes of trial on subject, and random slopes for emotion on subject.

All our analyses scripts as well as the data recorded with the Kinect are provided here: https://​osf.​io/​v56jn/. 
We preregistered our analyses for Study 1 (https://​osf.​io/​9qbpw) and for Study 2 (https://​osf.​io/​4cjga). The fol-
lowing changes were made to the preregistered models to make the models more parsimonious and to address 
over-fitting: (1) We did not model time-distance to interact with the predictor variables gender, emotion, and 

Table 4.   Standardized factor loadings. All estimates are statistically significant (p < 0.01).

Dimension Item Estimate S.E

Vertical collectivism

Parents and children must stay together as much as possible 0.570 0.107

It is my duty to take care of my family, even when I have to sacrifice what I want 0.603 0.099

Family members should stick together, no matter what sacrifices are required 0.941 0.095

Vertical individualism

It is important that I do my job better than others 0.504 0.079

Winning is everything 0.828 0.077

Competition is the law of nature 0.769 0.064

Horizontal collectivism

The well-being of my classmates is important to me 0.391 0.109

To me, pleasure is spending time with others 0.529 0.096

I feel good, when I cooperate with others 0.957 0.103

Horizontal individualism

I’d rather depend on myself than others 0.721 0.090

I rely on myself most of the time; I rarely rely on others 0.712 0.101

I often do “my own thing” 0.552 0.105

https://github.com/rhepach/Kinect
https://github.com/rhepach/Kinect
https://osf.io/v56jn/
https://osf.io/v56jn/
https://osf.io/9qbpw
https://osf.io/4cjga
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culture. This reduced the complexity of the statistical model and, in addition, initial analyses indicated no inter-
action effects including time-distance. (2) We did not include culture as a fixed effect in the separate models 
for each culture but rather included this variable in our combined analysis of both Study 1 and 2 with greater 
statistical power. This is also a result of realizing cultural variation cannot be expressed in a single variable but 
that a more accurate approach is to include the four cultural variables within the same model: Horizontal-
Collectivism, Horizontal-Individualism, Vertical-Collectivism, Vertical-Individualism. As a consequence, we 
ran a total of five analyses. They are detailed in the following. The models 1 and 2 were fitted for the samples of 
Study 1 and 2 separately.

Change in upper‑body posture (model 1).  The dependent measure was the change in participants’ 
upper-body posture (baseline-corrected change in chest height). The predictor variables were emotion (shame, 
pride, joy, disappointment) and gender. We modelled both main effects as well as an interaction of emotion and 
gender. The R-code for this model was:

The preregistered analysis was:

We replaced the following two analyses with Model 1 above:

and

Change in lower‑body posture (model 2).  The dependent measure was the change in participants’ 
lower-body posture (baseline-corrected change in hip height). The predictor variables were emotion (shame, 
pride, joy, disappointment) and gender. We modelled both main effects as well as an interaction of emotion and 
gender. The model structure was identical to Model 1. In addition, the preregistered analyses with hip height as 
the dependent measure were identical to those noted above.

Influence of participants’ cultural values on changes in upper‑body posture (model 3).  As 
noted above, this model was not preregistered but rather tests the effect of cultural values with both samples 
combined instead of for each sample separately. To investigate the influence of cultural identity on participants’ 
upper-body posture, we combined the sample of both studies. The dependent measure was the change in par-
ticipants’ upper-body posture (baseline-corrected change in chest height). We included as predictor variables 
the four interactions of emotion (shame, pride, joy, disappointment) with each of the scaled cultural variables 
(Horizontal-Collectivism [HoCol], Horizontal-Individualism [HoInd], Vertical-Collectivism [VeCol], Vertical-
Individualism [VeInd]), time-distance (scaled), trial, gender, and participants’ age (scaled). The random effects 
structure was identical to models 1 and 2. We tested the combined influence of all culture variables by comparing 
the full model to a reduced model including only the main effects of emotion, time-distance, trial, gender, age, 
as well as all random effects. The model structure was as follows:

Power analyses
For each of the main analyses, we ran data simulations to calculate post-hoc statistical power for comparing the 
full model to the respective reduced models. Using the R-package simr53 we ran 1,000 iterations for each model 
comparison. The results indicated that we had sufficient statistical power for our main analyses on in Study 1 
(Model 1), 1 − β = 0.98, for our main analyses in Study 2 (Model 1), 1 − β = 0.99, and for our main model inves-
tigating the effect of culture based on data from both studies (Model 3), 1 − β = 0.99.

Data availability
The data that support the findings of this study is openly available on OSF: https://​osf.​io/​v56jn/.

lmer(PostureChange ∼ TimeDistance + Emotion ∗ Gender + Trial

+
(

1+ TimeDistance(z− transformed) + Trial || Subject
)

+
(

0+ Emotion| Subject
)
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