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ABSTRACT
Collectivistic cultural orientation, which entails interdependent self-construal and 
concern for interpersonal harmony and social adjustment, has been suggested to 
be associated with detecting emotional expressions that signal social threat than 
individualistic cultural orientation, which entails independent self-construal. 
The present research tested if this detection is a result of enhanced perceptual 
sensitivity or of response bias. We used country as proxy of individualism and 
collectivism (Country IC), measured IC of individuals with a questionnaire 
(Individual IC) and manipulated IC with culture priming (Situational IC). Dutch 
participants in the Netherlands (n = 143) and Chinese participants in China  
(n = 151) performed a social threat detection task where they had to categorize 
ambiguous facial expressions as “angry” or “not angry”. As the stimuli varied 
in degrees of scowling and frequency of presentation, we were able to measure 
the participants’ perceptual sensitivity and response bias following the principles 
of Signal Detection Theory. On the Country IC level, the results indicated that 
individualism-representative Dutch participants had higher perceptual sensitivity 
than collectivism-representative Chinese participants; whereas, Chinese 
participants were more biased towards categorizing a scowling face as “angry” than 
the Dutch (i.e. stronger liberal bias). In both groups, collectivism on the Individual 
IC was associated with a bias towards recognizing a scowling face as “not angry” 
(i.e. stronger conservative bias). Culture priming (Situational IC) affected neither 
perceptual sensitivity nor response bias. Our data suggested that IC entails multiple 
constructs that led to different outcomes in social threat detection. 

Keywords
social threat; anger; individualism; collectivism; Signal Detection Theory.

INTRODUCTION
Interpretation of emotions conveyed through ambiguous facial expressions is 
central to effective communication and social interactions. From an evolutionary 
perspective, recognizing negative stimuli is of pivotal importance because they signal 
the presence of threat in the environment and prompt survival actions (Ohman, 
Flykt, & Esteves, 2001). Similarly, anger has important implications for the parties 
involved in social interactions because it signals that a social threat or a disruption 
in interpersonal harmony exists and requires action (Ford & Mauss, 2015). Previous 
theoretical and empirical work has suggested that cultural orientations, specifically 
individualism and collectivism, have an influence on how individuals process 
emotions of other people (Ishii, Miyamoto, Mayama, & Niedenthal, 2011; Koizumi 
et al., 2013). Notably, individuals from predominantly collectivistic cultures (i.e., 
more collectivistic than individualistic) seemed to be more sensitive to negative 
emotions that signal social threat than those from predominantly individualistic 
cultures (i.e., more individualistic than collectivistic). The present research 
expanded this idea and tested it empirically by assessing cultural orientations 
on three different levels, namely the country, individual, and situational levels. It 
further aimed to answer the question if collectivism is associated with social threat 
detection because perception becomes enhanced or because individuals become 
prone to seeing an ambiguous expression as anger even when it is not there. To 
this end, we applied Signal Detection Theory (SDT) (Lynn & Barrett, 2014; Lynn, 
Zhang, & Barrett, 2012; Stanislaw & Todorov, 1999) and evaluated social threat 
detection through separate measures of perceptual sensitivity (how astute one is 
on a perceptual level) and of response bias (how biased one is towards labeling an 
ambiguous facial expression as a specific emotion).

Culture and negative emotions
Individualism and collectivism (IC), the two most well-studied cultural orientations, 
differ in the expression or sampling of independent and interdependent 
constructions of the self (i.e. self-construal). Individualism recognizes the unique, 
independent position of an individual within a group while collectivism puts 
the group above the individual and emphasizes group cohesion and interpersonal 
harmony (Kitayama & Markus, 1994; Markus & Kitayama, 1991; Triandis, 1995b, 
2001). In regions where the prevailing cultural orientation is individualism (such 
as Western Europe and Northern America), the self is more often construed as 
independent and the thoughts and feelings of each individual are more likely 
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considered to represent internal attributes. Expressing one’s emotions is thus 
a way to realize one’s independent self-construal. In contrast, in regions where 
the prevailing cultural orientation is collectivism (e.g., East Asia), people are 
more often encouraged to adjust to social groups, to find a meaningful position 
among group members, and to construct an interdependent self-construal (Ishii 
& Eisen, 2017; Kim & Markus, 1999; Morling, Kitayama, & Miyamoto, 2002). 
Consequently, theoretical and empirical research suggests that interpersonal 
harmony might have a stronger association with collectivism than individualism  
(Markus & Kitayama, 1991) . 

Negative emotions have been highly relevant in much theoretical and empirical 
work investigating the effect of cultural orientations on emotional experience and 
perception (Ishii et al., 2011; Koizumi et al., 2013). People from a collectivistic 
culture have been found to react more strongly to negative emotional expressions 
such as anger than to positive emotional expressions than those from an 
individualistic culture (de Greck et al., 2012). The dominance of short, low-
functioning serotonin transporter polymorphism (5-HTTLPR) allele carriers in 
East Asian populations has also been found to be associated with higher recognition 
of anger than the dominance of long, high-functioning allele carriers in Western 
European and European American populations (Koizumi et al., 2010). In a morph 
movie paradigm, Japanese were faster than European Americans at detecting 
the disappearance of smiles (suggesting a disruption in social harmony), but not 
the disappearance of frowns (Ishii et al., 2011). A follow-up study from the same 
research group suggested that cultural experiences might mediate the association 
between 5-HTTLPR and the detection of specific negative emotions that signal 
social harmony disruption (Ishii, Kim, Sasaki, Shinada, & Kusumi, 2014). 

Proxies of culture
However, other than pitting collectivism-representative and individualism-
representative populations against each other, no studies have investigated the direct 
link between IC and social threat detection. In the current research, we aim to 
fill this gap by using three different proxies of culture. First, we assessed IC on 
the country level by collecting data from an individualism-representative country 
(the Netherlands) and a collectivism-representative country (China) (which we 
label Country IC) (Taras et al., 2010). Second, we used questionnaire to assess 
internalized IC on the individual level (Individual IC). Recent theoretical and 
empirical work has contended that cultures constantly are partially malleable and 
not confined within geographical boundaries (Hong et al., 2000; Oyserman & Lee, 

2012). Even though cultures vary systematically in how I or C can be more dominant 
than the other, the elements of individualism and collectivism are universally 
available. Every individual internalizes elements of individualism and collectivism 
to varying degrees through the process of socialization (Greenfield, 2014; Triandis, 
1995b). Finally, we used culture priming to manipulate IC on a situational level 
(Situational IC). Every situation also affords and legitimates some aspects of 
both IC. In certain contexts, behavior and cognition could be guided relatively 
more by salient individualistic concepts (e.g., uniqueness, personal expression), 
whereas in other contexts they could be guided relatively more by collectivistic 
concepts (e.g., concern for interpersonal harmony and group cohesion). Culture 
priming has been used widely and found to make concepts of I or C momentarily 
salient, which then have a spill-over effect on subsequent cognition, emotion, 
motivation, and behavior by providing the corresponding I or C cognitive schemas  
(Oyserman, 2011). In sum, by assessing Country IC, we enabled comparisons 
with previous research and by using Individual IC and Situational IC, we were 
able to investigate the direct link between these cultural orientations and their 
consequences for cognition and behavior.

Social threat detection: perceptual sensitivity and response bias
Repeated and continuous engagement in cultural practices could lead to highly 
practiced and automatized patterns of psychological responses (Kitayama, 
Park, & Cho, 2015). Two mechanisms may underlie any relationship between 
collectivism and social threat detection. Collectivism, as opposed to individualism, 
may be associated with being more astute at distinguishing anger from neutral 
expressions. Equally possible is that collectivism is associated with acquiring a bias 
towards labeling an expression as anger at the cost of being incorrect at times. To 
answer this question, we used an experimental paradigm advocated by Lynn and 
colleagues (Lynn & Barrett, 2014; Lynn et al., 2012) and followed the principles of 
Signal Detection Theory (SDT) (Stanislaw & Todorov, 1999).

Deciphering emotions through ambiguous facial expressions requires making 
inferences of the available sensory evidence. Gauging anger behind a scowling face, 
therefore, can be construed as perception under uncertainty (Lynn & Barrett, 2014; 
Lynn et al., 2012). A person can indeed be angry or not; for example, they might 
be simply thinking hard about something. In such a signal detection scenario, 
four outcomes are possible. First, the target person is angry and the perceiver 
correctly recognizes that (correct detection). Second, the target person is not angry 
but the perceiver incorrectly judges that he or she is angry (false alarm). Third,  
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the target person is angry but the perceiver’s judges that he or she is not (missed 
detection). Finally, the target person is not angry and the perceiver correctly judges 
that he or she is not angry (correct rejection). The relationship between the hit rate 
(the rate of correct detection and missed detection) and the false-alarm rate (the rate 
of false alarm and correct rejection) forms two measures: perceptual sensitivity and 
response bias. Perceptual sensitivity is a person’s ability to discriminate one class 
of stimulus (target, e.g., anger) from another (foil, e.g., non-anger) by attending 
to the perceptual features of stimuli (and thus, perceptual sensitivity does not 
equate to sensitivity to anger or being responsive to the emotion). Response 
bias is a person’s tendency to categorize any stimulus as target vs. foil, accepting 
the associated costs. A liberal bias is an inclination to categorize stimuli as targets 
(in this case, to categorize an expression as anger), entailing correct detections of 
interpersonal disruptions at the costs of many false alarms. Conservative bias is 
the tendency to categorize stimuli as foils, incurring many correct rejections, but 
also many missed detections of true disruptions. 

Emotional recognition through ambiguous facial expressions also involves 
risk. Under certain circumstances, failing to notice that someone is angry 
(a missed detection) may accrue higher personal and social costs than mistaking 
a non-angry face for an angry one (a false alarm). These circumstances are, for 
example, when interpersonal harmony has high priority, entailing high demand or 
incentive for individuals to pay attention to social threat signals. As noted before, 
interpersonal harmony in collectivistic contexts is of higher importance than in 
individualistic contexts. Consequently, compared to individualism, collectivism 
might be associated with higher demand or incentive for the detection of emotions 
that signal that social expectations are not met or that interpersonal harmony is 
undermined. One possible consequence could be that that collectivism is associated 
with being more astute at distinguishing anger from non-anger. Another equally 
likely outcome is that collectivism is associated with perceiving higher costs of 
missed detection than false alarm, leading to liberal bias towards construing an 
ambiguous facial expression as anger at the expense of incurring many false alarms.

To test whether collectivism, compared to individualism, is associated with 
perceptual sensitivity and response bias, we administered a social threat task 
where participants categorized morphed faces with varying degrees of scowling 
as “angry” (threatening) or “not angry” (non-threatening). Two hypotheses were 
advanced. One was that collectivism would be associated with being more able at 
discriminating an “angry” expression from a “not angry” expression (i.e. higher 
perceptual sensitivity) than individualism. The other was that collectivism would 

be associated with higher liberal response bias towards construing an ambiguous 
facial expression as anger than individualism.  

METHODS
Participants
A hundred and fifty-one Dutch and 178 Chinese participants voluntarily 
participated in the experiments at the Vrije Universiteit Amsterdam and Peking 
University psychology labs, respectively. In the Dutch sample, three participants 
were excluded because of partial data loss; five other participants were excluded 
because they were accidentally presented the stimuli of the opposite gender instead 
of those of their own. The final Dutch sample consisted of 143 participants (108 
female and one missing value), aged 17 to 32 (M = 20.80, SD = 2.90). In the Chinese 
sample, the data of six participants were lost due to technical error. Twenty-one 
other participants were excluded because they either did not write any content or 
wrote content that did not correspond to the priming condition in the priming 
task (see Methods). The final Chinese sample consisted of 151 participants (103 
female), aged 18 to 39 (M = 22.24, SD = 4.19). 

Procedure and materials
Participants gave written informed consent upon arriving at the lab and prior to 
participation. Then they were seated in a closed-door cubicle, in front of a computer. 
The materials and procedure in China strictly followed those in the Netherlands 
and were reviewed by the ethic committees of Peking University and the Vrije 
Universiteit Amsterdam. 

Priming task (Situational IC). First, participants were administered 
the Situational IC priming task disguised in a writing task. Participants in 
the collectivism-primed [individualism-primed] condition were asked to “describe 
in a few sentences (4-6 sentences) an autobiographical situation in which you were 
with others [were alone] and you made a joint decision [your own decision] that 
had consequences for all of you [yourself]”. Participants in the control (no-prime) 
condition went directly to the Social Threat Detection task.

The Social Threat Detection task. The task was adapted from Lynn and 
colleagues’ (Lynn & Barrett, 2014; Lynn et al., 2012) in which participants 
categorized morphed faces of varying scowling intensities (see Figure 1). To induce 
ambiguity, two classes of stimuli were created: the target and the foil class. Each 
stimulus class was defined by a normal distribution with a particular mean and 
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standard deviation. The 40%-scowling morph was the mean of the foil class and 
the 60%-scowling morph was the mean of the target class, with a standard deviation 
of 10%-scowling for both distributions. In each trial, a face was randomly drawn 
from either the foil or the target stimulus class. This meant that the exact same 
stimulus would be shown with some likelihood as a target on some trials, and 

with some alternative likelihood as a foil on other trials (See Table 1 for the exact 
likelihoods). Participants had to decide if a stimulus was from an “angry” (target) 
or a “not angry” (foil) stimulus class by pressing as fast as possible either the “Yes” 
or “No” button on an external device attached to the computer. The overlap of 
the distributions over the stimulus range created considerable ambiguity as to what 
the correct answer was. Essentially, while categorizing a face as being “angry” or 
“not angry,” participants discriminated between “angrier” and “less angry” faces 
by learning about their likelihoods and from the feedback provided at the end 
of every trial (“correct” or “incorrect”). When facing a scowling face of higher 
degree (e.g., 60% or higher), participants had a higher chance being correct if they 
pressed “Yes” than if they pressed “No”. Conversely, when facing a scowling face of 
a lower degree (e.g., 40% or lower), participants had a higher chance being correct 
if they pressed “No” than if they pressed “Yes”. The task therefore did not simply 
tap into participants’ emotional recognition but rather measured their ability to 
discriminate one class of stimulus from another (i.e. perceptual sensitivity) and 
their tendency to categorize any stimulus as target vs. foil, accepting the associated 
costs (i.e. response bias). 

In total, the task comprised of 178 experimental trials, prior to which three 
practice trials were administered. Participants would earn an extra 0.50 EUR or 5 

Figure 1. The Social Threat Detection task and Signal Detection Theory framework. The distribution 
of the decision (categorizing a stimulus as target or foil), showing d-prime, c and the likelihoods on 
which β is based. D-prime (d’, the index of sensitivity) is the distance between the target and the foil 
means, measured in standard deviation unit. C, an index of bias, is the distance between the criterion 
and the cross-over point between the target and foil distribution, also in standard deviation unit. 
β, the other index of bias, is the ratio of the likelihood of obtaining a decision on a target trial to 
the likelihood of obtaining a decision on a foil trial. A participant’s responses indicate a decision 
threshold, a point on a continuous perceptual domain (in this case, the domain is anger perception). 
Participants were asked to categorize morphed faces of varying scowling intensities as “angry” or “not 
angry”. Two classes of stimuli were created to form ambiguity in the task: the target (dot line) and 
the foil (solid line) normal likelihood distributions. The mean of the foil class is the 40%-scowling 
morph and the mean of the target class is the 60%-scowling morph, with a standard deviation of 
10%-scowling for both distributions. In each trial, a face was randomly drawn from either the foil or 
the target stimulus class. The 50% scowling face is “angry” if drawn from the target distribution and 
“not angry” if drawn from the foil distribution. The exact likelihood of presentation of each stimulus 
can be found in Table 1.

Table 1. Exact likelihood of each stimulus presented in the Social Threat Detection task. 

Scowling intensity

Likelihood of presentation Approximate frequency

Foil distribution Target distribution Foil stimuli Target stimuli

0% 0.00023263 1.899E-08 0 0
10% 0.00597704 3.3787E-06 1 0
20% 0.06059754 0.00022923 5 0
30% 0.24173034 0.00597704 22 1
40% 0.38292492 0.06059754 34 5
50% 0.24173034 0.24173034 22 22
60% 0.06059754 0.38292492 5 34
70% 0.00597704 0.24173034 1 22
80% 0.00022923 0.06059754 0 5
90% 3.3787E-06 0.00597704 0 1
100% 1.8949E-08 0.00022923 0 0

Note. Two classes of stimuli were created: the target and the foil class. Each stimulus class was defined by 
a normal distribution with a particular mean and standard deviation. The 40%-scowling morph was the mean 
of the foil class and the 60%-scowling morph was the mean of the target class, with a standard deviation of 
10%-scowling for both distributions. In each trial, a face was randomly drawn from either the foil or the target 
stimulus class.
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yuan if they answered more than 60% of the trials correctly. The incentive served 
to ensure participants’ effort in this task, which was demanding.

Stimuli. A stimulus set consisted of 11 morphed faces ranging from a neutral, 
relaxed face to a scowling face in 10% increments (see Figure 1). Twelve such 
sets were created, comprising three female and three male Caucasian models 
(the MacBrain1 and IASLab2 face sets) and three female and three male Chinese 
models (the Taiwanese Facial Expression Image Database, Chen & Yen, 2007). Face 
stimuli were shown for 67ms then backward-masked with a black rectangular. Then 
a question appeared and remained on the screen until the participants’ response, 
“Is this person angry?” Participants were presented with their own-gender face 
stimuli to rule out any gender bias in emotion recognition (Herlitz & Lovén, 2013). 
Further details of the stimuli and the task can be found in Lynn et al (2012).

The Individualism-Collectivism questionnaire (Individual IC). Next, participants 
filled out the shortened 10-item Individualism – Collectivism Self-Construal Scale 
(Oyserman et al., 2002), which ranged from 1 (strongly disagree) to 7 (strongly 
agree) and measured their internalized IC. Five of the items tapped into collectivism 
with a focus on interpersonal harmony and close relationships (e.g., “My happiness 
is dependent on the well-being of my close others”) (Dutch α = .809, Chinese  
α = .674) and the other five measured individualism (e.g., “It is important to be 
myself, despite what other people think”) (Dutch α = .716, Chinese α = .767). 

Manipulation check. At the end of the experiment, we asked participants to 
recall what they wrote at the beginning of the experiment and to write down their 
individualistic vs. collectivistic autobiographical stories again. 

Finally, participants answered demographic questions about their age, gender, 
school, study major, and immigration background. Before leaving the cubicle, they 
were fully debriefed and were given a choice to withdraw their participation or to 
submit their data. Regardless of their choice, participants received either 30-minute 
study credit or a payment of 3.00 EUR/ 30 yuan (or 3.50 EUR/ 35 yuan, if they had 
a bonus). 

Data analytical approaches
Frequentist analysis. We built separate ANOVAs for the Country IC and 
Situational IC analyses. For the Individual IC analysis, simple linear regressions 
with individualism and collectivism scores were built separately. Finally, as 
exploratory analyses, to test the possible interactions between IC levels, we 
also ran full-model ANOVAs with interaction terms included. The analysis 

plan was registered on the Open Science Framework (https://osf.io/qdbsj/
register/5730e99a9ad5a102c5745a8a).

Bayesian analysis. On top of frequentist statistics, we performed corollary 
Bayesian analyses using the statistical package JASP (https://jasp-stats.org; 
JASP Team, 2017). Given a level of prior belief in the effects of culture, we 
calculated the posterior odds of the null hypothesis (there was no effect) against 
the experimental hypothesis (there was an effect on perceptual sensitivity and 
response bias). The currently most used Bayesian statistic is the Bayes factor or 
BF (BF01 is the odd of the null hypothesis against the experimental hypothesis 
and BF10 vice versa). Apart from other complementary benefits (Dienes, 2014), 
Bayesian statistics allows three conclusions: 1. There is strong evidence for 
the null (conventionally, BF smaller than 1/3), 2. There is strong evidence for 
the experimental hypothesis (BF larger than 3) and 3. The data are insensitive (BF 
between 1 and 3). The default level of prior belief (i.e., we were not predisposed 
to believe in the null or experimental hypothesis) and Gaussian distribution were 
used (because all of our dependent variables were normally distributed in our 
sample). 

Signal Detection Theory measures. The calculations of the dependent variables 
followed the formula of Stanislaw and Todorov (1999) (see Figure 1). The most 
informative dependent variables within the SDT framework for the present 
research are a measure of perceptual sensitivity (d-prime) and two measures of bias 
(c and β). D-prime – the measure of perceptual sensitivity – is the distance between 
the target and foil means for each participant, measured in standard deviation 
unit. D-prime is calculated by subtracting the z-score of the false-alarm rate from 
the z-score of the hit rate. D-prime ranges from 0 to infinity, corresponding to 
an inability to distinguish targets from foil and to a perfect ability to distinguish 
targets from foil.

C is a measure of bias that is based on the criterion location. It is the distance 
between the criterion and the cross-over point between the foil and target 
distribution (i.e., where no response is favored) measured in standard deviation 
unit. Negative values of c signify a bias toward categorizing a face as angry 
(the criterion lies to the left of the neutral point) whereas positive values signify 
a bias toward categorizing a face as non-angry (the criterion lies to the right of 
the neutral point).  C is found by averaging the z-score of the hit rate and the z 
score of the false alarm rate, and then multiplying the result by negative one.

β is the classic measure of bias, which measures the likelihood ratio of obtaining 
a “yes” response. The numerator for the ratio is the likelihood of obtaining a response 
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on a target trial whereas the denominator for the ratio is the likelihood of obtaining 
a response on a foil trial. β is found by taking the base of the natural logarithm of 
squaring the z-score that corresponds to the false-alarm rate, subtracting the base 
of the natural logarithm of squaring the z-score that corresponds to the hit rate and 
dividing the result by 2. β smaller than 1 signifies a bias toward responding yes; 
whereas, values of β that are greater than 1 signify a bias toward the no response. 

RESULTS
Manipulation check
Two independent Dutch speakers and one Chinese native speaker who were blind to 
the priming conditions in the experiment checked the content of the autobiographical 
stories that the participants wrote in the priming and manipulation check tasks. 
Only those who wrote content corresponding to the priming condition to which 
they were assigned, indicating that the manipulation succeeded, were further 
included in the analyses.

Main analyses
Descriptives. The Dutch participants scored higher on individualism than 
the Chinese participants (t(292) = -2.553, p = .011, 95% CI [-0.553, -0.0718]), 
but the two groups did not differ in terms of collectivism scores (t(292) = -1.046,  
p = .297, 95% CI [-0.329, 0.100]). The Dutch and Chinese groups had similar 
hit rates (F(1,292) = 1.049, p = .307, η2 = .004), but the Chinese had significantly 
higher false alarm rate than the Dutch (F(1,292) = 50.575, p < .001, η2 = .148)  
(see Table 2).

Country IC. Unexpectedly, Chinese participants had significantly smaller 
d-prime, i.e. lower perceptual sensitivity, than the Dutch participants (B = -0.186, 

SE = 0.029, t(292) = -6.436, p < .001, 95% CI [-0.242,-0.129]). In line with our 
hypothesis, Chinese participants had significantly lower c (B = -0.106, SE = 
0.025, t(292) = -4.293, p < .001, 95% CI [-0.155,-0.058]) and significantly lower β  
(B = -0.061, SE = 0.015, t(292) = -3.951, p < .001, 95% CI [-0.091, -0.031]) than 
the Dutch participants, indicating that they were more biased to recognizing a face 
as angry than Dutch participants (liberal bias). Bayesian ANOVAs confirmed 
that there was more evidence for the experimental hypothesis (d-prime BF10 = 
1.037e+8:1 = 1.037e+8, c BF10 = 337.1:1 = 337.1, and β BF10 = 27.13:1 = 27.13). 

Individualism and collectivism scores (Individual IC). In each Dutch and 
Chinese sample, regression analyses indicated that individualism questionnaire 
scores could not predict d-prime, c or β. Bayesian regressions confirmed the null 
hypothesis in these cases (see Table 3). 

In each Dutch and Chinese sample, a regression analysis revealed that 
collectivism questionnaire score did not predict d-prime, B = -0.010, SE = 0.023,  

Table 2. Descriptives of the individualism and collectivism score (Individual IC) and the hit and false alarm 
rate in the Dutch vs. Chinese group

Chinese Dutch

Individualism score* M (SD) 4.632 (1.068) 4.944 (1.027)
Collectivism score M (SD) 4.617 (0.962) 4.731 (0.911)
Hit rate M (SD) 0.651 (0.104) 0.662 (0.082)
False alarm rate** M (SD) 0.469 (0.104) 0.380 (0.111)

Note. *The Dutch group scored significantly higher in individualism than the Chinese group, t(292) = -2.553,  
p = .011, 95% CI [-0.553, -0.072].** The Chinese group had significantly higher false alarm rate than the Dutch 
group, t(292) = 7.112, p < .001, 95% CI [0.065, 0.114]. 

Table 3. Results of regression analyses of the effect of Individual IC (individualism and collectivism score) 
on measures of sensitivity (d-prime) and bias (c and β). 

Predictor: Individualism score Dutch

B SE β t p 95% CI BF01

d-prime (sensitivity) 0.021 0.020 .090 1.078 .283 [-0.018; 0.061] 1:0.205 = 4.878
c (bias) 0.008 0.017 .042 0.498 .619 [-0.025; 0.041] 1:0.273 = 3.663
β (bias) -0.010 0.012 -.071 -0.849 .397 [-0.034; 0.013] 1:0.176 = 5.682

Chinese

d-prime (sensitivity) -0.006 0.019 -.025 -0.309 .758 [-0.044,0.032] 1: 0.171 = 5.848
c (bias) -0.011 0.017 -.053 -0.645 .520 [-0.044, 0.022] 1: 0.185 = 5.405
β (bias) -0.012 0.009 -.108 -1.332 .185 [-0.030, 0.006] 1: 0.211 = 4.739

Predictor: Collectivism score Dutch

d-prime (sensitivity) -0.010 0.023 -.036 -0.430 .668 [-0.054; 0.035] 1:0.187 = 5.348
c (bias)* 0.037 0.019 .165 1.989 .049 [0.000; 0.074] BF10 = 6.167:1 = 6.167
β (bias)* 0.025 0.013 .160 1.926 .056 [-0.001; 0.052] BF10 = 5.459:1 = 5.459

Chinese

d-prime (sensitivity) -0.007 0.021 -.027 -0.335 .738 [-0.049, 0.035] 1: 0.179 = 5.586
c (bias)* 0.054 0.018 .235 2.949 .004 [0.018, 0.090] BF10 = 5.676:1 = 5.676
β (bias)* 0.025 0.010 .205 2.551 .012 [0.006, 0.045] BF10 = 2.509:1 = 2.509

Note. * Collectivism questionnaire score was a significant predictor of c and β in both the Dutch and  
Chinese group.
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β = -.036, t(141) = -0.430, p = .668, 95% CI [-0.054; 0.035] and B = -0.007,  
SE = 0.021, β = -0.027, t(149) = -0.335, p = .738, 95% CI [-0.049, 0.035]. Bayesian 
regression analysis confirmed the null (Dutch: BF01 = 1:0.187 = 5.348, Chinese: 
BF01 = 1: 0.179 = 5.586). 

However, in both samples, collectivism questionnaire score predicted c (Dutch: 
B = 0.037, SE = 0.019, β = .165, t(141) = 1.989, p = .049, 95% CI [0.000; 0.074] 
and Chinese: B = 0.054, SE = 0.018, β = 0.235, t(149) = 2.949, p = .004, 95% CI 
[0.018, 0.090]). The more collectivistic participants were the higher their c was, or 
that the higher their bias towards categorizing the faces as not angry (conservative 
bias). Bayesian regression analysis confirmed that there was more evidence 
for the experimental than the null (Dutch: BF10 = 6.167:1 = 6.167 and Chinese:  
BF10 = 5.676:1 = 5.676).  

Similarly, collectivism questionnaire score could also predict β (Dutch:  
B = .025, SE = 0.013, β = .160, t(141) = 1.926, p = .056, 95% CI [-0.001; 0.052] 
and Chinese: B = 0.025, SE = 0.010, β = 0.205, t(149) = 2.551, p = .012, 95% CI 
[0.006, 0.045]). The more collectivistic participants were the higher their β was, or 
that the higher their bias towards categorizing the faces as not angry (conservative 
bias). Bayesian regression analysis confirmed that there was more evidence for 
the experimental than the null hypothesis (Dutch: BF10 = 5.459:1 = 5.459 and  
Chinese: BF10 = 2.509:1 = 2.509, although the evidence in the Dutch sample was 
conclusive while the effect seemed less robust in the Chinese sample).

Priming conditions (Situational IC). ANOVAs indicated non-significant 
effects of priming conditions on d-prime in both Dutch and Chinese samples,  
F(2, 140) = 0.540, p = .584, η2 = .008 and F(2,148) = 0.509, p = .602, η2 = .007, 
respectively. Priming participants with individualism or collectivism did not lead 
to any differences in perceptual sensitivity. A Bayesian ANOVA confirmed that 
there was more evidence for the null hypothesis (Dutch: BF01 =1:0.087 = 11.494, 
Chinese: BF01 = 1:0.086 = 11.628) (see Table 4). 

In both Dutch and Chinese samples, ANOVAs indicated non-significant effects 
of priming conditions on c in both Dutch and Chinese samples, F(2, 140) = 1.202, 
p = .304, η2 = .017 and F(2,148) = 0.575, p = .564 , η2 = .008. Priming participants 
with individualism or collectivism did not lead to any differences in how far off 
participants moved their criterion point (where they started categorizing the faces 
as angry) from the neutral point. In other words, the prime did not influence 
the participants to have a bias towards categorizing a face as angry or not. Bayesian 
ANOVAs yielded a BF01 = 1:0.122 = 8.197 and a BF01 = 1:0.081 = 12.346, respectively 
for the Dutch and Chinese, in favor of the null hypothesis.

In both Dutch and Chinese samples, ANOVAs indicated non-significant 
effects of priming conditions on β, F(2, 140) = 2.049, p = .113, η2 = .028 and  
F(2,148) = 0.713, p = .492, η2 = .010. Priming participants with individualism or 
collectivism did not have an effect on the likelihood of participants categorizing 
the faces as angry over the likelihood of participants categorizing the faces as not 
angry either. Bayesian ANOVAs yielded more evidence for the null hypothesis 
(Dutch: BF01 = 1:0.195 = 5.128, Chinese: BF01 = 1:0.070 = 14.286).

Exploratory analyses
Finally, we found no interactions between IC levels on sensitivity and bias  
(see Table 5). 

DISCUSSION
Daily communication and social interactions hinge on our ability to resolve 
uncertainty in social emotional cues. Previous research suggested that collectivistic 
cultural orientation with its interdependent self-construal and concern for social 
adjustment and interpersonal harmony, might be associated with recognizing 
emotional expressions that signaled social disruptions, compared to individualism 
and its independent self-construal. The present research tested this idea by assessing 
the performance of participants coming from an individualism-representative and 
a collectivism-representative country (Country IC), by measuring their internalized 

Table 4. Descriptive statistics of d-prime, c, and β in across the Dutch and Chinese groups and across 
the individualism-primed, collectivism-primed, and control groups. 

d-prime
M (SD)

c
M (SD)

β
M (SD)

Chinese Total 0.342* (0.25) -0.163* (0.220) 0.927* (0.118)
Individualism-primed 0.340 (0.036) -0.167 (0.031) 0.910 (0.017)
Collectivism-primed 0.315 (0.037) -0.186 (0.033) 0.933 (0.018)
No prime 0.365 (0.034) -0.140 (0.029) 0.936 (0.016)

Dutch Total 0.527* (0.243) -0.056* (0.204) 0.988* (0.145)
Individualism-primed 0.553 (0.035) -0.086 (0.029) 0.953 (0.021)
Collectivism-primed 0.502 (0.035) -0.060 (0.029) 1.002 (0.021)
No prime 0.528 (0.036) -0.021 (0.030) 1.008 (0.021)

Note. * The country differences were statistically significant. The Chinese participants had significantly smaller 
d-prime than the Dutch participants (B = -0.186, SE = 0.029, t(292) = -6.436, p < .001, 95% CI [-0.242,-0.129]). 
The Chinese had significantly lower c (B = -0.106, SE = 0.025, t(292) = -4.293, p < .001, 95% CI [-0.155,-0.058]) 
and significantly lower β (B = -0.061, SE = 0.015, t(292) = -3.951, p < .001, 95% CI [-0.091, -0.031]) than 
the Dutch. ,
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IC with a questionnaire (Individual IC) and by manipulating their IC with the use 
of culture priming (Situational IC). We applied the principles of Signal Detection 
Theory and measured perceptual sensitivity and response bias of the participants 
while they categorized ambiguous facial expressions of varying degrees of scowling 
presented with different likelihoods. The aim was to investigate whether collectivism 
would be associated with being more astute at distinguishing anger from non-anger 
stimuli (i.e. higher perceptual sensitivity) or being more biased towards construing 
an ambiguous facial expression as anger at the expense of incurring many false 
alarms (i.e. higher liberal bias). The results indicated that, on the Country IC level, 
unexpectedly, individualism-representative Dutch participants were more astute, 

than collectivism-representative Chinese participants, to discriminate angry and 
neutral expressions, i.e. having higher perceptual sensitivity. In terms of bias, in 
line with our hypothesis, collectivism-representative Chinese participants had 
higher liberal bias as they tended to categorize an ambiguous expression as “angry” 
more often than as “not angry” at the costs of incurring many false alarms. On 
the Individual IC level, the individualism and collectivism questionnaire scores 
did not have any relationship with perceptual sensitivity. However, these scores, 
tapping into individual internalized cultural self-construal, revealed that the more 
collectivistic participants were the more conservative bias they had (i.e. a stronger 
inclination to categorize a face as “not angry” at the costs of incurring many missed 
detections). The evidence for an association with β was less decisive than for c, 
but we can rely more on the result of c because c is not susceptible to changes in 
d-prime, while β is (Stanislaw & Todorov, 1999). Finally, on the Situational IC level, 
priming participants with collectivism (making collectivistic cultural orientation 
momentarily salient), relative to priming them with individualism (making 
individualistic cultural orientation momentarily salient), led to no differences 
neither in perceptual sensitivity nor in response bias.

Country IC
Higher perceptual sensitivity in the Dutch group indicated that the Dutch were 
more astute at discerning different types of stimuli including better perception 
of anger and of neutral expressions (or the absence of anger) than the Chinese. 
Apparently, this high score for sensitivity of the Dutch was driven by a comparable 
hit rate and a lower false alarm rate than the score of the Chinese. The Chinese 
participants’ perceptual sensitivity score was penalized because of their higher 
tendency to categorize an ambiguous expression as anger even when it was 
not there (false alarm). Collectivism, in our theoretical framework, entails that 
interpersonal harmony has high priority and there might be higher demand or 
incentive for individuals living in a collectivistic country to be overly vigilant for 
social disruptions than those living in an individualistic country. Consequently, 
failing to notice that someone is angry (a missed detection) is perceived to accrue 
higher personal and social costs than mistaking a non-angry face for an angry one 
(a false alarm) and our Chinese participants then rather committed false alarm 
than missed detection. 

In our theoretical framework, this liberal bias is linked with the emphasis on 
social harmony associated with collectivism. However, there is also one line of 
research arguing that collectivism should entail rejection avoidance rather harmony 

Table 5. Results of the full models to test the interactions between Country IC, Individual IC, and Situational 
IC on perceptual sensitivity and response bias (d-prime, c, and β). 

d-prime df F p-value η2

Country IC 1 41.388 0.000 0.128
Country IC * Individual IC 1 0.601 0.439 0.002
Country IC * Situational IC 2 0.242 0.786 0.002
Individual IC 1 0.378 0.539 0.001
Situational IC * Individual IC 2 0.036 0.965 0.000
Situational IC 2 0.636 0.530 0.004
Country IC * Situational IC * Individual IC 2 0.922 0.399 0.006

c df F p-value η2

Country IC 1 22.134 0.000 0.073
Country IC * Individual IC 1 0.053 0.817 0.000
Country IC * Situational IC 2 0.327 0.721 0.002
Individual IC 1 2.206 0.139 0.008
Situational IC * Individual IC 2 0.260 0.771 0.002
Situational IC 2 0.932 0.395 0.007
Country IC * Situational IC * Individual IC 2 1.033 0.357 0.007

β df F p-value η2

Country IC 1 18.332 0.000 0.061
Country IC * Individual IC 1 1.035 0.310 0.004
Country IC * Situational IC 2 0.273 0.762 0.002
Individual IC 1 6.466 0.012 0.022
Situational IC * Individual IC 2 1.282 0.279 0.009
Situational IC 2 2.399 0.093 0.017
Country IC * Situational IC * Individual IC 2 1.982 0.140 0.014

Note. The interaction term is denoted with *. For example, the interaction between Country IC and Individual 
IC is written as Country IC * Individual IC. To ensure parsimony, Individual IC in these three models was 
a collectivism: individualism ratio. For these models, the error term was 282 and the total sample size 294. 
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seeking (Hashimoto & Yamagishi, 2013; Triandis, Chan, Bhawuk, Iwao, & Sinha, 
1995). According to niche construction theory, the higher costs of being disliked 
and ostracized is what distinguish collectivistic from individualistic societies where 
moving to a different social group is relatively easier. This would result in rejection-
avoiding rather than harmony-seeking behaviors because the former is born out of 
external constraints and threats of exclusion while the latter is fundamental in group 
life of human species and is, thus, pan-cultural (Hashimoto & Yamagishi, 2013). 
Empirical evidence for this theory includes a study in which Japanese participants’ 
behaviors were indeed more motivated by rejection avoidance and not harmony 
seeking than American participants (Hashimoto & Yamagishi, 2013). These results 
were also interpreted to explain why cross-cultural studies usually find country 
differences only in measures of individualism and not those of collectivism: 
the most used collectivism questionnaire does not measure rejection avoidance. 
Furthermore, a meta-analysis also concluded that the most common core of cross-
country differences in collectivism found between European Americans (which, 
in the same meta-analysis, have also been shown to be highly similar to Western 
European) and East Asians was the emphasis on duty to ingroup (Oyserman et 
al., 2002). Therefore, it is also possible that, in our Chinese group, the tendency 
to overly categorize an ambiguous expression as anger was driven by different 
psychological motives such as rejection avoidance or the need to fulfill duties to 
the group rather than harmony seeking.

Individual IC
This theory deserves further consideration given that Individual IC in our data which 
captured the extent to which participants valued interpersonal harmony and close 
relationships yielded an opposite pattern in social threat detection with Country 
IC: a tendency to discount anger. Collectivism as measured by the questionnaire 
in our study tapped the constructs that were associated with conservative bias  
(i.e. a stronger inclination to categorize a face as “not angry” at the costs of incurring 
many missed detections) instead. This is in line with the research arguing that if 
a person is careful not to show negative emotions, they would also have a tendency 
to discount angry expressions in others (Matsumoto, 1992, as cited in Matsumoto 
& Hwang, 2010). However, the link with cross-cultural differences cannot be made, 
not only because the Chinese did not score higher on collectivism than the Dutch. 
Moreover, relations at the country level do not automatically imply links at 
the individual level as individual across countries can differe in a different way that 
country differ (Na et al., 2010). It does suggest, however, that at the individual level, 

individuals who endorse particular aspects of collectivism, namely interpersonal 
harmony and close relationship, have a higher tendency to discount anger. 

Situational IC
The lack of culture priming effects in our study also poses several possibilities. 
Firstly, either the IC concepts that would have an influence on social threat 
detection were not primed or the IC concepts could not be primed. Although 
our priming technique follows the most common principle of culture priming 
and our manipulation check was successful, the possibility that the priming was 
inadequate in producing the desired effects always exists (Cesario, 2014). Research 
on behavioral and social priming in general is currently agnostic with regards to 
how to create and assess the adequacy of a prime in terms of duration and strength 
and meanwhile, there are many possible variabilities in experimental settings that 
can gravely affect the priming effects (Cesario, 2014). Moreover, it is possible that 
the culture primes in our experiment were ineffective in inducing an influence 
on social threat detection specifically. Future research could attempt different 
priming techniques and different experimental settings for converging evidence 
that the lack of IC priming effects could reliably indicate a lack of relationship 
between IC and social threat detection. 

Secondly, as discussed above, collectivism could entail multiple interrelated 
yet distinct constructs and Situational IC might have drawn out an aspect of IC 
that had no relationships with social threat detection. The differential effects 
of levels of IC highlights that IC reflects a constellation of constructs that have 
various categories of consequences. These consequences for I vs. C include value 
(autonomy vs. interpersonal harmony), group processes (relatively easy vs. difficult 
to change social group memberships), cognition (independent vs. interdependent 
self-focus), and well-being (emotional expression is important for well-being and 
life satisfaction vs. restraint in emotional expression is valued and life satisfaction 
derives from fulfilment of social roles, duties, and obligations) (Markus & Kitayama, 
1991; Triandis et al., 1995). An important limitation of cross-national research 
into cultural influences on psychological processes has been that such comparison 
cannot isolate the role of specific components of culture. Likewise, Individual IC 
also tapped a limited number of aspects that the constructs of IC could entail. 
Collectivism measured in our Individual IC questionnaire heavily focused on 
how much participants valued interpersonal harmony and close relationships 
which belongs to the value category. Similarly, Situational IC might have drawn 
out another specific aspect of IC (e.g., independent vs. interdependent self-focus) 
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that might belong to another category (e.g., cognition). Our use of multiple levels 
of IC yielding differential effects of IC on social threat detection then reflects this 
multifaceted nature of IC. 

Limitations and future research 
Our findings on the country level should be also interpreted in light of a number 
of limitations. The current research made use of student samples while these 
participants might not be representative of the populations in the Netherlands 
and China. Specifically, it is plausible that Chinese college students’ cultural values 
differ from the remainder of the population because, for example, of a higher level 
of socioeconomic background (Hanel & Vione, 2016). Our Dutch participants 
are also mostly psychology majors who might score higher on collectivism than 
students of other majors or an average person in the Netherlands (Van Lange, 
Schippers, & Balliet, 2011). 

We also used individualism-representative and collectivism-representative 
countries to operationalize culture at the country level. However, countries that 
are in the same individualistic (e.g., Netherlands and the USA) or collectivistic 
cultural spheres (e.g., China and Vietnam) are not identical in the degree of IC 
representation. Differences in language, history, philosophy, and religion can serve 
as moderating factors in the relation between IC and the psychological outcomes 
(Kashima & Kashima, 2003). Different subtypes of collectivism might lead to 
different consequences for social cognitive processes. Furthermore, comparing 
China with the USA might make salient differences that are distinctive from 
a China vs. the Netherlands contrast. This means that the results obtained in a set 
of countries might not be directly generalizable to other countries.

Finally, in our experimental design, the person whose emotions the participants 
had to make inferences of was a generic other and future research could investigate 
social threat detection in ingroup versus outgroup members. This is because IC also 
differ most pronouncedly in terms of how one construes the self and the relations 
between the self, ingroup, and outgroup members (Matsumoto & Hwang, 2010; 
Mesquita et al., 2013). Those from a collectivistic country tend to have a smaller 
and more strictly defined ingroup than those from an individualistic country and 
thus, the concern for interpersonal harmony might be more strongly directed to 
members of a specific ingroup. Thus, the consequences of IC might be more specific 
to an ingroup other rather than any other with no clear membership (Antalíková, 
Hansen, de la Mata, & Martínez, 2017). 

Concluding remarks
In conclusion, our study found that culture had some influence on the detection 
of anger, the negative emotion that signals possible disruptions in interpersonal 
harmony. Those from a collectivistic country exhibited different responses to 
ambiguous, angry expressions than those from an individualistic country. Yet, such 
difference was in the form of behavioral tendency rather than in perception of 
emotional expression as they tended to see anger more often than it was actually 
present. The demand or incentive associated with living in a collectivistic society 
where group harmony is emphasized seemed to result in perceiving higher costs 
of failing to notice the emotion rather than misattributing it when it does not 
exist. Interestingly, however, in both groups, those who internalized collectivistic 
values to a higher degree tended to discount the presence of anger. In sum, our 
findings suggest that cultural orientations did not have an impact on the actual 
processing of emotional expression, but rather it biased the way one interpreted 
the frequency and intensity of emotional expressions. We also hope that the use 
of Signal Detection Theory in our experimental design and our findings would 
be found useful by future attempts to understand the role of culture in social 
emotional processing. 
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