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In human-to-human contexts, display rules provide an empirically sound construct to explain intercultural differences in emotional expressivity. A very prominent finding in this regard is that cultures rooted in collectivism—such as China, South Korea, or Japan—uphold norms of emotional suppression, contrasting with ideals of unfiltered self-expression found in several Western societies. However, other studies have shown that collectivistic cultures do not actually disregard the whole spectrum of emotional expression, but simply prefer displays of socially engaging emotions (e.g., trust, shame) over the more disengaging expressions favored by the West (e.g., pride, anger). Inspired by the constant advancement of affective technology, this study investigates if such cultural factors also influence how people experience being read by emotion-sensitive computers. In a laboratory experiment, we introduce 47 Chinese and 42 German participants to emotion recognition software, claiming that it would analyze their facial micro-expressions during a brief cognitive task. As we actually present standardized results (reporting either socially engaging or disengaging emotions), we manipulate participants' impression of having matched or violated culturally established display rules in a between-subject design. First, we observe a main effect of culture on the cardiovascular response to the digital recognition procedure: Whereas Chinese participants quickly return to their initial heart rate, German participants remain longer in an agitated state. A potential explanation for this—East Asians might be less stressed by sophisticated technology than people with a Western socialization—concurs with recent literature, highlighting different human uniqueness concepts across cultural borders. Indeed, while we find no cultural difference in subjective evaluations of the emotion-sensitive computer, a mediation analysis reveals a significant indirect effect from culture over perceived human likeness of the technology to its attractiveness. At the same time, violations of cultural display rules remain mostly irrelevant for participants' reaction; thus, we argue that inter-human norms for appropriate facial expressions might be loosened if faces are read by computers, at least in settings that are not associated with any social consequence.
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INTRODUCTION

Throughout past millennia, the exchange of emotional expressions has mostly been reserved for the interaction between biological entities. As a result, emotional behavior is typically considered as a core concept of human—or, at the very least, animalistic—communication (Wegner and Gray, 2016). Recent breakthroughs in the field of affective computing, however, have started to contest this domain: Contemporary artificial intelligence not only incorporates emotional recognition algorithms, but may also possess the ability to emulate its own “affective state,” reacting to a user's input in a supposedly emotional way. Due to these innovations, whole new research fields and industries have emerged all over the globe, including social robotics (e.g., Michaud et al., 2000), agent-based psychotherapy (e.g., Oker et al., 2015), and emotionally aware smartphone applications (e.g., Chen et al., 2015). A crucial feature for many of these technologies is automatic facial emotion recognition (AFER)—a camera-based form of facial analysis that gets more distinguished by the day (Doerrfeld, 2015; Gunes and Hung, 2016). AFER measures a wide range of movements in the user's facial muscles, including micro-expressions that are nearly undetectable to the human eye, before applying classification systems such as the Facial Action Coding System (Ekman and Friesen, 1978) to provide accurate interpretations of users' mood or short-term affective response. Depending on the variant of recognition software used, the final result may even offer a simultaneous quantification of several emotions—although the reliability of such systems remains the subject of critical debate.

Affective Technology vs. Human Uniqueness

Apart from the relentless advancement of emotion-sensitive technology itself, the public adoption of affective forms of human-computer interaction (HCI) has not proceeded without obstacles. In fact, recent studies have uncovered strong feelings of discomfort among participants who were presented with emotional computers (Gray and Wegner, 2012) and empathic digital agents (Stein and Ohler, 2017). Cross-national research implies that these effects might depend on cultural factors, as different religions and philosophical mindsets promote the importance of human uniqueness to a varying degree (Kaplan, 2004; Vess et al., 2012). Whereas most Western civilizations remain embedded in Christian principles of anthropocentrism—a philosophy that puts humans above all other creation—East Asian societies tend to have a less restricted idea of human distinctiveness, which allows the attribution of emotional experience to many different entities (Kitano, 2007; Kazuhiko, 2017). In consequence, Chinese or Japanese users may find it hardly problematic if a machine acquires typically “human” features such as the ability to recognize or express its own feelings; people in the West, on the other hand, are often socialized with a “Frankenstein syndrome” (Kaplan, 2004), therefore considering such technology as a threat to human nature itself (Złotowski et al., 2017). In practice, these arguments—although not entirely unchallenged (Haring et al., 2014)—also offer an explanation for the notably higher acceptance of social robots in countries such as Japan or China (MacDorman et al., 2009; Li et al., 2010; Nomura et al., 2015).

The inclusion of philosophical concepts in empirical HCI studies certainly shows that users' acceptance of emotional technology reaches far beyond questions of programming or basic interface design. Still, due to the novelty and constant advancement of affective systems, many theoretical implications in terms of user experience have not yet been addressed in a sufficient way. A psychological construct that remains particularly under-researched in this regard are emotional display rules, which can be defined as behavioral criteria for the expression of emotions that stem from cultural socialization (Ekman and Friesen, 1969). While numerous studies have highlighted the importance of these sociocultural norms for human-to-human contexts, conclusive findings on the transferability of such rules to human-computer interactions are virtually absent from the academic discourse. The current study strives to contribute to this research gap, exploring whether the customary way of expressing emotions among humans may also affect the perception of emotion-sensitive software.

Emotional Display Rules

So far, psychological literature has not yet provided a decisive answer concerning the universality—or incongruity—of emotional experience across different cultures (Matsumoto and Ekman, 1989; Elfenbein and Ambady, 2002; Derntl et al., 2012; Hwang and Matsumoto, 2015). Nevertheless, scholars have unanimously acknowledged the importance of emotional display rules as a mediator of people's observable emotional behavior. This means that, while cultural socialization might not necessarily impact the conception of emotional states within the individual, it clearly determines which part of the subjective experience is presented to the environment (Matsumoto et al., 2008a). As a result, emotional display rules yield the power to make people feel accepted (or disregarded) by their cultural in-group, contributing profoundly to an individual's psychological well-being (Ford and Mauss, 2015).

Display rules have been shown to correlate with age (Camras, 1985; Underwood et al., 1992) and gender (Brody, 1997; Kring and Gordon, 1998), as well as several personality characteristics (Matsumoto, 2006). Most of all, however, they are influenced by factors of culture, building upon vastly different conventions, taboos, and expectations across ethnic groups, countries, and whole continents (Matsumoto et al., 2008a; Safdar et al., 2009). To structure these effects on a global level, researchers have frequently utilized the differentiation between individualistic and collectivistic cultures, which remains one of the most prominent frameworks in the field of cross-cultural psychology. In its original interpretation as a bipolar dimension (Hofstede, 1980), collectivism describes a culture's tendency to value interdependence, self-restraint, and in-group cohesion, in contrast to the individualistic emphasis on personal goals and self-expression. Based on these criteria, many East Asian cultures have typically been attributed with a strong collectivistic orientation, whereas the United States and several West European countries have been labeled as highly individualistic societies (Hofstede, 2001). At the same time, an increasing number of authors have been contesting Hofstede's dichotomy as a general model of the East and the West (e.g., Oyserman et al., 2002; Takahashi et al., 2002; Parker et al., 2009), instead suggesting to split the singular construct into two independent traits (Triandis and Gelfand, 1998). In this evolved form, the IND-COL taxonomy is still used extensively for cultural comparisons, not least in the exploration of societal norms such as emotional display rules.

So far, a large number of studies have provided evidence that emotional suppression constitutes the overarching display rule in many countries with a collectivistic orientation (Matsumoto et al., 2008b), including China (Davis et al., 2012), South Korea (Kim and Sherman, 2007), Singapore (Moran et al., 2013), and Japan (Safdar et al., 2009). Unlike more individualism-centered societies in the West, these East Asian cultures have been shown to disregard unfiltered emotional displays, instead promoting the concealment of individual feelings for the sake of the collective social order (Markus and Kitayama, 1991; Matsumoto et al., 2008a). Even more so, cultural scientists have suggested that the according principles trace back as far as ancient Taoist and Confucian tradition (King and Bond, 1985; Ho, 1986) and are thus deeply embedded in the “cultural DNA” of the respective societies. As a result, the corresponding norms are usually internalized at an early age—which also explains why, unlike the adverse effects reported for Western samples, emotional suppression actually increases the subjective well-being (Matsumoto et al., 2004), academic performance (Chen et al., 2009), and psychological functioning (Soto et al., 2011) in members of Chinese or Japanese culture. Fascinatingly, this positive view on emotional concealment is also reflected by a variety of linguistic nuances, as East Asian languages provide an unmatched number of idioms to describe the act of hiding one's emotions, including the notion of “saving face” (Ho, 1976). Indeed, for the daily life of many East Asians, the metaphorical sense of “face” (as a form of social standing) remains inseparably intertwined with the literal face, as well-functioning regulatory mechanisms are deemed essential to avert public humiliation (Ho et al., 2004; Dong et al., 2013).

Display Rules and Types of Emotion

Apart from the well-replicated main effect of culture on emotional suppression norms, many cross-cultural researchers have directed their attention toward potential interaction effects between display rules, different audiences, and specific types of emotion. For instance, recent findings have shown that members of collectivistic cultures are particularly focused on differentiating between private and workplace contexts as they consider appropriate facial displays (Wang et al., 2012; Moran et al., 2013). According to a large-scale comparison of display rules across 32 countries by Matsumoto et al. (2008a), this might actually extend to general in- and out-group effects: Although participants from collectivistic societies reported less expressivity in general, they actually endorsed negative emotional displays toward strangers much more than participants with an individualistic background. This observation in turn connects to a growing body of literature about the “appropriateness” of selected emotional states (e.g., Kitayama et al., 2000; Eid and Diener, 2001; Seo, 2011), which has suggested that individualistic cultures strongly favor displays of personal success (e.g., pride, joy), whereas collectivists prefer emotions that highlight interrelatedness—even if their expression emphasizes personal failure (e.g., guilt, shame). Considering the core principles of both cultural orientations, this actually makes perfect sense: Just as the visible acknowledgment of personal shortcomings highlights the investment in the collective well-being, turning guilt and embarrassment into other-focused emotions (Markus and Kitayama, 1991), displays of pride or happiness mostly serve to express private gain, therefore meshing with a more individualistic philosophy (i.e., ego-focused emotions). Lending further support to this conceptualization, recent research has revealed that East Asian participants actually appreciated guilt and shame as themes of “social engagement,” while American individuals preferred “socially disengaging” displays of pride and anger (Kitayama et al., 2006; Boiger et al., 2013).

The Physiological Side of Emotional Expression

Anyone who has ever noticed their heart accelerating in fear or anticipation knows that emotional experience is not just an abstract product of the human psyche, but also heavily intertwined with physiological processes. In this regard, the most important interface of the human body can be found in the autonomic nervous system (ANS), which controls a multitude of unconscious bodily functions and mirrors the affective state of the individual through parameters such as blood pressure or skin conductance level (Kreibig, 2010). At the same time, previous research remains indecisive on the question whether physiological reflections actually offer insight in the quality—other than just the intensity—of emotional experience. While some authors argue that autonomic response patterns may in fact be emotion-specific (e.g., Levenson, 2003) or at least convey emotional valence (Bensafi et al., 2002; Brosschot and Thayer, 2003), recent research suggests that observable differences in bodily reactions merely deliver insight into underlying motivational systems (Mendes, 2016). The search for emotion-specific, autonomic reactions is further complicated by the fact that changes within the ANS are not only evoked by emotional states, but also reflect many other mental processes such as acute stress (e.g., Dickerson and Kemeny, 2004), higher levels of concentration (e.g., Wass et al., 2016), and ruminative thoughts (e.g., Ottaviani et al., 2009). On this account, it has become common practice to interpret increases of autonomic activity primarily as indicators of arousal, which can only be linked to specific emotions in controlled laboratory settings.

Returning to this study's main topic of emotional display rules, one may also wonder how emotional suppression efforts register in terms of physiological activity. However, findings on this subject have pointed into two directions: Just as some studies indicate a reduced physiological activation after suppression strategies (Zuckerman et al., 1981), others have provided potent arguments for the increased physiological cost of emotionally suppressive behavior (Gross and Levenson, 1993; Butler et al., 2003). A possible dissolution of this dispute might be found in cultural adaptation effects. For instance, an experiment conducted by Butler et al. (2009) has shown that emotion-expressive behavior led to an increase in blood pressure among Asian Americans but to a decrease among European Americans. Similarly, a recent study from the field of neuroscience has reported that, after viewing unpleasant pictures, Asian Americans showed a much faster decrease of the brain potentials related to emotional processing than US Americans (Murata et al., 2013). As more and more similar findings emerge for various tasks and contexts (e.g., Shen et al., 2004; Zhou and Bishop, 2012), the bulk of the empirical evidence argues for reduced physiological activity in East Asians as they, consciously and sub-consciously, regulate their emotional displays—an effect that might turn out quite differently for members of other cultures.

The Current Study

Introducing common findings from cross-cultural psychology to the research field of affective HCI, the current study set out to scrutinize how Chinese and German users would react to the impression of being “unmasked” by a computer-based form of emotional recognition. For a comprehensive examination of this response, we investigated both participants' physiological arousal as well as their subjective affinity to AFER software following a (supposedly) automatic reading of their facial emotions.

The consulted literature provided us with two reasonable assumptions how the chosen cultural samples might differ in their reaction to the presented technology. On the one hand, it seemed highly likely that Chinese participants, as members of a collectivism-oriented culture, would perceive the AFER procedure as an unpleasant experience, considering that the recognition of facial micro-expressions serves as a substantial—and, compared to human interactions, unprecedented—form of “losing face.” In consequence, we found it logical to assume that individuals with this cultural background would show a more pronounced arousal reaction (meaning either a stronger or longer increase of physiological activity—or both). On the other hand, we pondered that the stronger sense of caution against humanlike technology in the West (e.g., Kaplan, 2004; MacDorman et al., 2009; Nomura et al., 2015) could just as well lead to more anxiety among German individuals, who might consider affective computers as a threat to human uniqueness. In consequence, we decided to juxtapose these contradicting hypotheses:

H1a: The physiological arousal measured after feedback from AFER software will be more intense among Chinese participants.

H1b: The physiological arousal measured after feedback from AFER software will be more intense among German participants.

Apart from physiological effects, we were also interested in participants' subjective evaluation of the presented technology. In our interpretation, the arguments that had led to our first set of hypotheses applied just as well to this research focus: If a cultural group would perceive the emotionally aware computer as discomforting and arousing, it seemed highly likely that they would also report a lower affinity to the system in question. As such, we again formulated a set of two conflicting assumptions, matching H1a and H1b:

H2a: The subjective evaluation of emotion recognition software will be less favorable among Chinese participants.

H2b: The subjective evaluation of emotion recognition software will be less favorable among German participants.

Compensating for the exploratory nature of our two-fold hypotheses, we included an additional measure to help us understand why one assumption might overrule the other: Participants' attribution of human likeness to the presented AFER system. Doing so, we strived to find out whether our cultural groups differed in their perceptions of AFER (non-)artificiality—and whether these attributions served as a mediator between culture and the eventual affinity to the presented technology.

RQ1: Do Chinese and German participants differ in terms of the human likeness they ascribe to AFER technology?

RQ2: Is participants' AFER affinity mediated by these human likeness attributions?

Apart from potential main effects of culture, we were also interested if users' reactions were to turn out differently as soon as the digital system indicated a violation of—instead of a match with—cultural display rules from the inter-human context. For interactions with human strangers, East Asians have been shown to favor socially engaging emotions (even negative ones such as shame), while Westerners focus on more ego-focused and exclusively positive expressions (e.g., Eid and Diener, 2001; Matsumoto et al., 2008a; Boiger et al., 2013). Considering this, we were curious to find out whether AFER systems would count as “just another stranger,” toward whom the discussed display norms would be fully in play. If so, the impression of having shown pride in front of the computer should emerge as unpleasant for Chinese but not for German participants; the latter should dislike reports of ashamed facial expressions instead.

H3: If emotion recognition software reports facial displays that contradict culture-specific display rules, participants will show more physiological arousal.

H4: If emotion recognition software reports facial displays that contradict culture-specific display rules, participants will evaluate it less favorably.

Our interest in comparing different display rule conditions, however, heralded some methodological challenges. After some initial deliberation, we quickly disregarded the idea of artificially inducing specific facial expressions, because we were highly skeptical of the validity and reliability of this approach—especially since our study was supposed to revolve around rather subtle displays of emotion (e.g., expressions of pride). Of course, the alternative of waiting for participants to express a specific emotion without purposely stimulating it seemed just as impractical. An elimination of the identified problems eventually occurred in the form of a more deceptive approach. By providing participants with a fully standardized, faux result instead of a genuine reading of their facial expressions, we found a unique solution to manipulate display rule violations as needed. As an additional merit, this procedure allowed us to standardize the alleged intensity of emotional expressivity across participants—which would have been impossible otherwise. At the same time, we now had to contain the risk of participants doubting the provided results. For this purpose, our study was adjusted in two ways: First, during the initial presentation of the AFER system, we repeatedly emphasized that the technology would focus on so-called micro-expressions, which are hardly discernible to the human eye; secondly, we decided to have participants fill in a demanding cognitive test during the alleged analysis, thereby distracting them from a conscious monitoring of their own face.

METHODS

Participants

Following an a-priori analysis of required sample size with G*Power software (Faul et al., 2007), we recruited 100 students from two ethnic groups at a German university: 51 participants who self-identified as Chinese (24 female, 27 male) and 49 participants who self-identified as German (39 female, 10 male). To control for possible acculturation effects among the Chinese participants who temporarily lived as exchange students in Germany, we formulated two inclusion criteria: (a) having spent one's youth in Mainland China, Taiwan, or Hong Kong, and (b) speaking Chinese (e.g., Mandarin) as current main language. According to previous research (e.g., Guan, 2007; Yu and Wang, 2011), the community of Chinese exchange students in Germany remains highly connected to their home culture, yet extremely isolated within the host society. This has been confirmed by reports from our participants and colleagues, so that we consider our sample a valid reference for the experiences of young Chinese students. Moreover, the fact that our final sample consisted exclusively of individuals from Mainland China—without any students from Taiwan or Hong Kong—lends further support to the homogeneity of this experimental group.

Following a manipulation check, a total of three participants (all from the German sample) had to be excluded from further analysis, as they had doubted the authenticity of the presented stimuli. Additionally, the data of seven participants (3 Chinese, 4 German) could not be used due to technical difficulties in their physiological measurements. Lastly, one Chinese participant had to quit the experiment early on account of his previously undisclosed color blindness. Therefore, our final sample included 47 Chinese (age M = 26.1 years, SD = 2.62) and 42 German students (age M = 22.6 years, SD = 3.93), for a total of 89 participants. As a compensation for his or her time, each participant could choose between €5 or credits for our university's mandatory “experimental participation” course, in which students are required to participate in 20 experiments (available from a large catalog of different research projects).

Procedure

At the beginning of the experiment, participants were told that the current study served to explore cultural differences in facial micro-expressions during a cognitive task. Pointing out the video camera and desktop PC in our laboratory, we explained that the experiment would involve state-of-the-art AFER software, which could “monitor [the user's] face for spontaneous muscle movements”—including “even the tiniest contractions”—and “calculate a summary of the emotional displays during any given task.” As we were not interested in participants' actual facial displays, but only in their reaction to a manipulated recollection of it, we prepared two standardized result sheets, with one claiming that the software had recognized pride and the other indicating shame in the user's micro-expressions. This resulted in a 2 × 2 between-subject design as illustrated in Figure 1. Participants were assigned to one of the two feedback conditions by means of a block randomization procedure.
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FIGURE 1. The study's between-subject design. Table cells contain each condition's theoretical implications for cultural display rules.



After they had filled out an informed consent form, we equipped participants with an unobtrusive physiological monitoring wristband, recording their heart rate for the remainder of the experiment. Following a 1-min baseline measurement (which was conducted while sitting in silence), we then provided the materials for a short intelligence test and instructed participants to keep their head directed toward the video camera for the duration of the task. Under the deceptive impression that their facial displays were being monitored, participants filled in the test for a timed duration of 3 min. Subsequently, they were instructed to access the analysis' alleged result on a private screen—a method that we chose not only to prevent potential feelings of humiliation in front of the study conductor, but also to put all focus on the concept of being analyzed in a “non-human” context.

As soon as participants finished reading the provided results, they filled in a short questionnaire on their acceptance of the software, as well as a few control variables. Lastly, we took down each participant's e-mail address to provide them with an extensive explanation of the study's goals, its deceptive design, and our findings. Those who did not want to enter their e-mail address were debriefed directly and kindly asked to keep the experiment's true nature a secret until all recruited students had taken part.

Stimulus Design

As materials for the brief intelligence test, we used self-created matrix completion tasks modeled after the widely-used Raven Progressive Matrices (Raven et al., 2003). In this type of test, participants have to choose one of eight options as the missing tile of a 3 × 3 symbol matrix. Since the performance in matrix tasks does not depend on language or factual knowledge, they are considered a culture-faire method of testing; even though the actual performance was not relevant to our hypotheses, we therefore chose this type of cognitive test for our cross-cultural experiment.

For the believable introduction of an authentic AFER system, we used the recognition software MultiSense, which is freely available as part of the Virtual Human Toolkit (Hartholt et al., 2013). Among other functions, the software includes face tracking and a basic form of expressivity analysis, visualizing the results via various computer windows (e.g., camera feed with automatically aligned 3D grid). Although we chose not to record any actual facial data from our participants, we briefly showed them a live stream of their face within the MultiSense environment at the beginning of the experiment in order to foster our deception of genuine facial recognition. Figure 2 depicts the visualization setup as it was presented to the participants on the experimenter's swiveling computer screen. Doing so, we always made sure to show the interface for only a couple of seconds and from a small distance, thus obscuring its technological specifics. Furthermore, to mitigate any privacy concerns, we explicitly stated that the software “worked in real-time” and would not need to save recordings of the participant's face at any time.
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FIGURE 2. MultiSense visualization used for the deceptive narrative of emotion recognition. The main window (bottom right) shows a live feed of the user's face, with a 3D grid automatically fitted to relevant facial points (demonstrated by a study conductor in this image).



Apart from the introduction of the software itself, the authentic presentation of its manipulated results was absolutely crucial for the success of the experiment. As such, we prepared a step-by-step procedure to convey the analysis' outcome in a believable way. Firstly, we composed a web-based result sheet using both HTML and JavaScript code (see Figure 3), which was able to dynamically display the metadata of each appointment, including the participant's individual number, cultural group, and time of measurement. As center part of the sheet, we prepared a table with fictional parameters for eight affective states (anger, fear, sadness, happiness, surprise, trust, shame, and pride) in the style of existing AFER frameworks (Doerrfeld, 2015). Most importantly, one of the table's rows was colored in bright red, highlighting the according emotion as most prevalent feeling during the intelligence test. Depending on experimental condition, this highlight was set on either pride or shame, with all other emotions fixed at medium levels. To explicitly direct participants' attention toward the relevant part of the sheet, the study conductor (who was sitting several feet away) was instructed to always tell them to “focus on the scores in red, which indicate the predominant emotion during the experiment.” Lastly, we compiled two additional graphs and added them to our sheet, further increasing the saliency of the relevant facial expressions. The completed result page was then translated from German into Simplified Chinese, with back-translations ensuring the similarity of both versions.
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FIGURE 3. Procedure to convey the deceptive result sheet after the experimental task. (A) The login screen hosted on a local web server. (B) Result sheet with fictitious data. The allegedly most prevalent emotion is displayed in red—either shame or pride, depending on condition.



Measures

Cardiovascular Activity

We used an Empatica E4 physiological measurement wristband (Empatica Inc., 2017) to achieve unobtrusive monitoring of our participants' heart rate. Although the Empatica E4 is able to measure heart rate and heart rate variability with a frequency of 1 Hz (one data point per second), we averaged the values of 60 s to achieve a meaningful reduction of data. During the experiment, the study conductor marked the exact second in which participants opened the manipulated AFER result sheet as time of stimulus onset. For a theoretically coherent analysis, however, we always added 5 s to this time to account for a basic cognitive processing of the presented stimuli. Since the cardiovascular system is known to respond more slowly to stressors than other physiological indicators, we aligned our procedure with previous studies, which have examined autonomic arousal and recovery during the first few minutes after stimulus onset (e.g., Brosschot and Thayer, 2003; Roberts et al., 2008; Boer, 2016). As a result, the following measures were obtained for all participants: (1) a 1-minute baseline of resting heart rate, starting shortly after the wristband had been equipped; (2) the average heart rate during the first minute after stimulus presentation, starting with a delay of 5 s; (3) the average heart rate during the subsequent second minute after stimulus presentation.

Attractiveness and Human Likeness of the Presented Technology

Participants rated their subjective impression of the presented AFER procedure using the technology-related attractiveness index by Ho and MacDorman (2010), which captures the affective response toward a technological stimulus. Although the questionnaire's five semantic differentials (e.g., “repulsive—agreeable,” “messy—sleek”; rated on a 7-point scale) were originally designed to address visual features in relation to the “uncanny valley” phenomenon, we found them suitable for an evaluation of our more abstract stimuli as well; in fact, the authors suggest that their index basically pinpoints participants' reaction on an evolutionary avoidance-approach continuum, which strongly correlates to perceptions of interpersonal warmth. Due to our study's cross-cultural nature, we translated the original English items into German and Simplified Chinese and used back-translations by native speakers to ensure semantic equivalence. Both translations proved to be of acceptable to high internal consistency (Chinese version, α = 0.70; German version, α = 0.81). To establish measurement invariance between both versions, we conducted a series of increasingly restrictive confirmatory factor analyses (CFAs), which is a common procedure to test measures for configural, metric, and scalar invariance. Doing so, partial scalar invariance could be established for our translated attractiveness indices. Table 1 gives an overview of the conducted model comparisons.


Table 1. Multi-group confirmatory factorial analyses to check translated scales for measurement invariance.
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For the exploratory investigation of human likeness attributions to the AFER technology, we used Ho and MacDorman's human likeness index Ho and MacDorman (2010), which assesses the amount of animacy and human nature ascribed to a technology (with artificiality and synthetic nature as other endpoints of the spectrum). Whereas the original version of the measure consists of six semantic differentials (e.g., “human-made—humanlike,” “artificial—lifelike”), we excluded two items that did not apply to our disembodied scenario, namely “biological movement—mechanical movement” and “without definitive lifespan—mortal.” The resulting four item scale was again translated, with internal consistency turning out a bit lower for the Chinese (α = 0.63) than for the German version (α = 0.79). In our interpretation, this concurs with the reviewed literature as it suggests a more complex understanding of human likeness in Chinese tradition. Nevertheless, multi-group CFA testing for measurement invariance again indicated partial scalar invariance between our two translations (see Table 1) so that we still included the measure in the exploratory part of our study.

Manipulation Checks

By design, the current study did not focus on participants' real emotional displays; quite the opposite, we aimed at convincing them of a standardized result. Although various efforts were expended to facilitate this goal (e.g., emphasizing the role of micro-expressions, distracting participants from their face, and keeping the reported affect at a moderate level), we also decided to include some form of measurement to assess the success of our deception. Specifically, we asked participants to rate the accuracy of the software's analysis on a self-developed two item scale (α = 0.84)—which was then used to identify the cases where had to assume a discrepancy between the provided feedback and a person's self-perception. As a conservative rule, all participants who had filled in the lowest score (1 out of 5) on one or both items were completely excluded from our study. Eventually, this was the case for three participants from the German sub-sample, who reported frequent participation in psychological studies and, as such, might have been especially wary of potential deceptions.

To gain additional insight into our manipulation's validity, we inquired participants to rate their own performance in the matrix completion task on a 5-point scale. By connecting these ratings to the actual test results, we were able to assess whether participants could actually estimate their accomplishment in a realistic manner—which would have disrupted our manipulation. Fortunately, our analysis showed that both groups had very little insight into their true performance.

RESULTS

The measured scores and physiological data from our final sample can be obtained from the Data Sheet 1 in the Supplementary Material.

Manipulation Checks

Software Accuracy

To check the evaluations of software accuracy for significant group differences, we calculated a two-way analysis of variance (ANOVA) with the between-subject factors culture and type of feedback. The procedure yielded no significant main effect for the latter, F(1, 85) = 0.81, p = 0.81, and no significant interaction between factors, F(1, 85) = 2.51, p = 0.11. Accordingly, we note that both reports of “proud” and “ashamed” facial displays were seen as moderately accurate, regardless of cultural background. However, we did observe a significant main effect of culture, F(1, 85) = 5.43, p = 0.02, ηp2 = 0.06; Chinese participants generally ascribed higher accuracy to the presented software (M = 3.49, SD = 0.84) than German participants (M = 3.08, SD = 0.80). While this might somewhat reflect the stronger skepticism of the native-speaking students at our university—who typically take part in more psychological studies than exchange students—our finding could also just emphasize the stronger belief in technological prowess among the Chinese. In any case, we report that both group means manifested slightly above the scale's midpoint, so that we still deem our manipulation acceptably successful.

Actual and Perceived Test Performance

A two-way ANOVA with participants' actual test results as a dependent variable revealed no significant differences between Chinese and German participants, F(1, 85) = 0.32, p = 0.57. On average, German students solved M = 5.76 test items correctly (SD = 1.76), closely matching the performance of the Chinese students (M = 5.60 correct answers, SD = 1.54). However, German participants facilitated their scores with a higher number of total answers (MGER = 9.83, MCN = 8.17), including more wrong answers (MGER = 4.07, MCN = 2.57). We further investigated whether the two groups receiving different AFER feedback had, by chance, produced significantly different test results, which may have been problematic for the believability of the deception. However, this was not the case, F(1, 85) = 2.20, p = 0.14.

In terms of participants' own perception of their task performance, another two-way ANOVA with the factors culture and type of feedback revealed a strong main effect of culture, F(1, 85) = 11.36, p < 0.01, ηp2 = 0.12. Indeed, our data show that Chinese participants considered their performance significantly better (M = 3.64, SD = 0.82) than German participants (M = 3.05, SD = 0.83). While there was no notable main effect for type of feedback, an interaction between both factors emerged as marginally significant, F(1, 85) = 4.14, p = 0.05, albeit with a very small effect size of ηp2 = 0.03. Examining our data pattern, we observed that only Chinese participants rated their performance significantly higher if the software had indicated “proud” (M = 3.92, SD = 0.64) instead of “ashamed” facial displays (M = 3.32, SD = 0.89); for the German participants, self-assessment in both “proud” (M = 3.00, SD = 0.97) and “ashamed” conditions (M = 3.09, SD = 0.68) turned out rather similar. On account of the effect's marginal size and significance, however, we advise to interpret this finding with caution.

As our final, but probably most crucial manipulation check, we conducted two separate linear regression analyses to find out if the real test result predicted the self-assessment from participants of both groups. This investigation did not result in significant regression equations, neither for Chinese [F(1, 46) = 1.14, p = 0.29] nor for German [F(1, 41) = 0.34, p = 0.56] students. Hence, we argue that participants had relatively little insight if their performance had been good or bad, which certainly supported our manipulation of alleged micro-expressions.

Cardiovascular Activity

Table 2 shows the means and standard deviations for participants' heart rate during the baseline measurement, as well as the 2 min after stimulus presentation. For reasons of clarity, the table also contains the relative differences between subsequent data points. As an additional illustration, the graphs in Figure 4 depict the average heart rate changes in the four experimental groups, compared to their respective baseline values.


Table 2. Descriptive statistics for heart rates and relative heart rate changes between the three measuring points.
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FIGURE 4. The four experimental groups' heart rate changes in bpm, compared to their respective baseline value.



To check the acquired data for statistically meaningful differences in physiological activity, we focused on the heart rate changes during the first (initial arousal) and second minute (sustained arousal) with two separate analyses of covariance. In both ANCOVA procedures, we controlled for participants' age and gender by entering them as covariates, as these variables have been shown to profoundly influence cardiovascular (re-)activity (e.g., Carroll et al., 2000).

A 2 (culture) × 2 (type of feedback) ANCOVA with the mean heart rate change between baseline and first minute post-stimulus as dependant variable resulted in no significant main effects for culture [F(1, 83) = 0.05, p = 0.81], type of feedback [F(1, 83) = 1.39, p = 0.24], or interaction between both [F(1, 83) = 0.06, p = 0.80]. In terms of participants' initial cardiovascular response, we therefore conclude that there was no meaningful difference between the selected cultural groups—or that the effect was too small to be detected by the test power achieved with our sample size. The same applies to our assumptions about the type of given feedback. Although the data of the Chinese participants indeed suggest more initial arousal if the AFER result had claimed micro-expressions of pride (M = +4.22 bpm, SD = 8.56) instead of shame (M = +2.94 bpm, SD = 7.50), the observed effect missed the threshold of statistical significance and should therefore be interpreted cautiously. For the German participants, the influence of the given feedback was even smaller.

However, using the heart rate change between the first and second minute post-stimulus as a dependent variable, another ANCOVA yielded a significant main effect of culture, F(1, 83) = 6.26, p = 0.01, with a moderate effect size of ηp2 = 0.07. At the same time, no significant effects were found for type of feedback [F(1, 83) = 1.22, p = 0.27] or factor interaction [F(1, 83) = 0.03, p = 0.87]. Thus, in terms of “sustained” arousal, German participants remained more agitated after the computerized recognition procedure, even showing yet another increase in heart rate (M = +0.39 bpm, SD = 5.53). The Chinese group, on the other hand, reduced their heart rate by M = −1.41 bpm (SD = 3.98) during the second minute after stimulus presentation.

In summary, our findings offer first evidence in favor of hypothesis H1b over H1a: Even though their initial response was not stronger per se, we argue that the longer arousal in the German sub-sample does constitute a more intense physiological reaction to the AFER feedback. At the same time, hypothesis H3 could not be confirmed by our data, as the manipulated feedback had no noteworthy effect on the arousal of our participants (if potential type II errors are dismissed).

Subjective Impression of the Software

Table 3 gives an overview of the scores yielded from this study's self-report measures. To check both ratings for statistically significant group differences, we conducted a pair of 2 × 2 ANOVAs, again using culture and type of feedback as between-subject factors.


Table 3. Descriptive statistics for self-report measures.
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The first ANOVA focusing on participants' attractiveness ratings did not uncover any significant effects, neither main effects for culture [F(1, 85) = 1.962, p = 0.17] or type of feedback [F(1, 85) = 0.01, p = 0.96], nor an interaction between both [F(1, 85) = 2.19, p = 0.14]. As we found almost identical attractiveness ratings in all four groups, our results supported neither hypothesis H2a nor H2b: The cultural groups did not differ in their subjective liking of the presented stimuli. As alleged violations of human-to-human display rules hardly influenced this as well, we further reject hypothesis H4.

Focusing on our second subjective measure, a two-way analysis of variance with human likeness as the dependent variable resulted in no significant main effect for type of feedback, F(1, 85) = 0.01, p = 0.94, and no interaction between feedback and culture, F(1, 85) = 1.95, p = 0.17. However, we now obtained a significant main effect of culture F(1, 85) = 10.24, p < 0.01, with a very large effect size of ηp2 = 0.11. As expected from the literature review, Chinese participants showed a notably higher attribution of humanness to the affective software (M = 2.95, SD = 0.76) than German participants (M = 2.40, SD = 0.84), therefore giving a positive answer to RQ1.

Mediation Analysis

Our exploration of culture as a quasi-experimental macro-level predictor had not resulted in a clear empirical effect on technology attractiveness. However, to address our question if human uniqueness concepts might actually stand as a mediator between these two constructs (RQ2), we proceeded to a mediation analysis using the PROCESS macro for IBM SPSS (Hayes, 2013), using five thousand iterations for bootstrap confidence intervals. Indeed, the procedure uncovered a significant indirect effect from culture over human likeness attributions to attractiveness ratings, b = −0.09, SE = 0.05, 95% CI [−0.23, −0.01], with the mediator accounting for roughly half of the total effect, PM = 0.55. Figure 5 gives an overview of all obtained standardized regression coefficients in the mediation analysis; due to the dummy coding of our cultural groups (0 = “Chinese”, 1 = “German”), the negative coefficient indicates higher outcomes among the Chinese sample. In particular, our data show that having a Chinese cultural background significantly predicted higher human likeness attributions, which in turn predicted higher attractiveness ratings. Apart from this indirect effect, the direct relationship between culture and technology attractiveness remained insignificant. RQ2 can therefore be answered positively.
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FIGURE 5. Standardized regression coefficients for the relationship between culture and perceived technology attractiveness as mediated by ascribed technology human likeness. (*p < .05; **p < .01).



DISCUSSION

To investigate if emotion-sensitive forms of human-computer interaction are influenced by sociocultural factors, we introduced Chinese and German participants to a facial recognition system and prepared its results to either match or violate traditional norms for emotional expressions toward strangers. Measuring cardiovascular parameters as well as subjective impressions of the AFER software, we addressed both the subconscious and conscious processing of this new, digitally mediated form of “becoming unmasked.”

Based on an interdisciplinary review of literature, two contrasting assumptions emerged on how Chinese and German individuals might compare in their experience of automatic facial emotion analyses. Specifically, we contemplated that either the Western preference for candid facial expressions or the East Asian tradition to accept “human-like” qualities in non-human entities as something completely natural would eventually tip the scales in favor of one of the two groups. Our results suggest the latter. Despite comparable increases of cardiovascular activity immediately after the presentation of the AFER results, Chinese participants soon returned to a notably lower heart rate, whereas German participants lingered in a state of sustained arousal. Accordingly, we report a response pattern that matches findings by Matsumoto et al. (2009), suggesting that the initial response to a stimulus might be universal before slightly delayed “cultural influences kick in” (p. 1273). Considering that complex artificiality is often seen as a threat in Western cultures (Kaplan, 2004; Złotowski et al., 2017), we argue that the arousal of the German students might indeed indicate some form of anxiety, i.e., an autonomic reflection of their subliminal wariness toward the novel technology. At the same time, it has to be noted that changes in cardiovascular activity do not allow a direct interpretation of emotional quality: Being aroused by a stimulus could just as well signal curiosity or positive excitement. Similarly, we deem it possible that the quicker regulation of Chinese participants' heart rate is heavily influenced by their proficiency in autonomic emotional suppression, which has been demonstrated by previous experiments (e.g., Shen et al., 2004; Zhou and Bishop, 2012). With these limitations in mind, we suggest that the reported main effect of culture on the physiological arousal evoked by AFER is interpreted conservatively.

At the same time, our investigation of human likeness evaluations and their revealed role as a mediator between culture and the final AFER affinity clearly support the suggested interpretation of our results. Whereas cultural background showed no isolated effect on the attractiveness participants ascribed to the emotionally aware system, we found that our groups differed greatly in how “animate” and “human-like” they considered the presented computer, which in turn predicted the final attractiveness ratings. In our explanation, this implies that culture as a macro-level container for many confounding variables may not suffice to completely explain views on technology—yet be essential in forming people's basic philosophy and worldview (e.g., the idea of what constitutes a human-natured entity), which then interacts with other individual dispositions to form actual attitudes and behaviors. For HCI developers, this builds toward an unambiguous recommendation: Only by tapping into both cross-cultural and individual-level forms of research, they might eventually settle on the right amount of “human” that customers from different backgrounds would like to rediscover in their technology.

Lastly, we report that different types of feedback by the emotion recognition system had very little impact on participants' experience in our scenario. Empirically, it did not matter whether the computer claimed displays of pride or shame as the most prevalent facial expression, neither for participants' arousal nor for their liking of the software—and regardless of cultural background. Providing an interpretation of these findings, we suggest that the confidential reveal in our experiment (the AFER results were conveyed on a private screen) must have weakened the perceived importance of traditional display rules by a great extent. Since a recognition system that is used privately has no bearing on one's social standing or any in-group coherence, people might be completely indifferent about culturally desirable expressions in such a setting. Based on this argument, however, we would expect much stronger effects once the technology was used to trigger meaningful real-life consequences. Considering that psychological counseling, e-learning, and job assessments are all being targeted as application fields for AFER, we expect various use cases in which a much stronger need for “appropriate” facial displays will arise—may it be a virtual classroom or a automatic job selection procedure. As such, we strongly believe that, even though they remained insignificant in our single-user experiment, traditional display rules will instantly find new relevance once emotionally aware systems turn into actual mediators of interdependence, social standing, or financial success.

LIMITATIONS

Our results are limited in their generalizability due to the use of a convenience sample that consisted exclusively of students ranging between 18 and 37 years. Similarly, we note a slightly uneven distribution of female and male participants, especially in the German group. Although we tried to control for these factors (e.g., by including them as covariates or additional predictors in our statistical tests), different results might emerge if other samples, for instance children or elderly participants, were to experience the provided scenario. This also applies to participants' level of education: Since our student sample represents only a small part of the socio-economic spectrum, we consider it highly likely that other findings would be obtained with participants pursuing other occupations.

In regard to the cultural comparison conducted in this study, we note that both the Chinese and the German group consisted of individuals from different parts of the respective country, which potentially underestimates regional influences. However, in light of the long cultural distance between both nations, we still think that our study achieved an insightful juxtaposition of cultural differences in the perception and experience of affective technology. Nevertheless, we think that future studies might benefit from explicitly asking participants about their reliance on cultural values. Qualitative methods such as semi-structured interviews might be particularly useful in this regard, promising a less ambiguous understanding of how users' socialization has contributed to their conceptualization of emotional appropriateness, preference for collectivistic values, and, consequently, their reaction to AFER analyses.

CONCLUSION

From an early age, most people are socialized to adjust their emotional output as soon as they interact with other perceptive entities—that is, typically, with other humans. Yet, due to breakthroughs in AFER technology, computers are now also able to read emotions from the human face, thereby entering the world of emotional communication as an exciting new intermediary.

At first, we pondered the possibility that common display rules might simply be transferred one-to-one to the interaction with emotion-sensitive technology. However, based on our empirical efforts, we have come to the conclusion that AFER systems do not provoke the same concerns about “appropriate” facial displays that are common among humans—at least as long as they possess only limited influence on other outcomes. In isolated interactions with “benevolent” affective computers, people simply have no incentive to be anxious about a certain kind of result. For the near future, however, we predict that real-life applications of AFER will hardly stay as inconsequential or innocuous as our experimental scenario. Clearly, the technology has not been designed as a “single-player gimmick” but as a method of collecting data in numerous contexts. In current times, it seems all but far-fetched to envision autonomous cars, medical robots, or automatic job interview systems whose emotional perceptiveness all but determines crucial outcomes for the humans involved; and the establishment of such procedures will surely have users turn back to their human-to-human norms of behavior. If our study is any indication, it will depend both on cultural and individual factors whether society appreciates this development—or faces it with an underlying anxiety.
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