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Abstract

Human emotions can be viewed as a principal currency for relationships as they are often the
underlying motivational force for human behavior. Thus, the ability to perceive and correctly
interpret the emotions of our conspecifics constitutes a core competence and is of great
adaptive value, as it allows us to navigate our behavior towards an adequate response. The
human body has been identified as a potent source to quickly retrieve a wealth of information
about affective states. In this regard, previous research has discussed factors that modulate
emotion recognition, including kinematic and postural properties of the movement, the
presence (or absence) of an interacting partner as well as individual characteristics of the

observer.

The major aim of this dissertation is to establish further factors that modulate the perception
of emotions from body movements from interactions. To tease these factors apart, three
experiments were carried out. The first experiment investigates which parts of the body
convey the most salient information that ultimately allows for an identification of the
respective affective state. Moreover, it is addressed how the emotional expressivity of the
observer influences emotion recognition. The second experiment assesses how the
spatiotemporal coupling of the agent’s actions influence emotion recognition. The third
experiment extends previous research designs by implementing a novel virtual reality
apporach to investigate whether the recognition of emotion is influence by the perceived
(co)presence with the interacting agents. Moreover, gender differences are assessed using a

subjective valence rating scale.

The results indicate that the information that is retrieved by the observer to recognize an
emotion depends on the type of emotion that is displayed. Whereas the emotions anger and
happiness can be recognised more reliably from arm movements, sadness seems to be
perceived mainly via the cues from the head and torso. Moreover, our results suggest that the
recognition of anger and affection depends on a spatiotemporal coupling of the agent’s
actions while the recognition of happiness and sadness does not. With respect to
interindividual differences, we found that more emotionally expressive individuals display
higher emotion recognition accuracies than individuals with lower subjective emotional
expressivity. Lastly, our results do not support the notion that there are gender differences

regarding the valence perception of emotional interactions.
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Relevance and background

1 Relevance and background

»The human body is the best
picture of the human soul."

— Ludwig Wittgenstein

1.1 Emotions as action dispositions

Imagine a person walking towards you, expanding their chest, clenching and lifting their fists
- breathing heavily. Instantly, we may feel that the person we are looking at is filled with anger

and that we should probably draw away from this potential threat.

Humans are able to quickly retrieve a wealth of information through mere observation of a
person. Being able to correctly identify and interpret the internal state of our conspecifics
allows us to form adequate responses to these states (Bradley et al., 2001). For instance, when
we see a loved one cry, we soothe them; when a friend is happy, we are happy with them; if
a person is angry, we may give them space. Thus, in a way, emotions can be viewed as one
principal currency for human relationships as they are often the underlying motivational force

for our behavior (Bradley et al., 2001; Motta et al., 2009; de Gelder & de Borst, 2015).

Not being able to identify the emotional states of our conspecifics can lead to interpersonal
difficulties or even social avoidance and isolation (Persad & Polivy, 1993). Different psychiatric
disorders such as schizophrenia, major depressive disorder, or autism spectrum disorder are
characterized by marked emotion recognition difficulties which are thought to contribute to
the difficulties in everyday social functioning (e.g. Kee et al., 2003; Kaletsch et al., 2014; Kohler
et al., 2010; Tse et al., 2004; Trevisan & Birmingham, 2016; Kriiger et al., 2018). Thus, the

ability to identify and infer emotional states can be critical to successful social interactions.

In fact, the ability to recognize emotions develops early in life. Infants progress from
discrimination (i.e. the ability to detect differences between two emotional body postures or
vocalizations) to the recognition (i.e. the ability to, interpret the emotional expression and
exhibit some level of understanding of the underlying affect) of emotion in faces during the

first half year of life (Walker-Andrews, 1998).
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Heck and colleagues (2018) showed that at five-months old, infants display successful
intermodal matching. More specifically, the five month-old infants looked at videos of upright
emotional body movements for a longer period of time if they were paired with matching
emotional vocalizations. For instance, when angry movements were presented with angry
voices, infants watched the videos for a longer period of time than when angry movements
were paired with happy voices. This suggests that the five-month old infants were able to
match the emotional body movements to the corresponding vocal emotions and thus

understand their meaning to a certain degree.

In fact, there are multiple channels through which affective information can be conveyed. For
instance, faces, bodies and prosody. Although research on emotion recognition has mainly
been based on emotions expressed via the face or via prosody for a long time, another
channel, that has been largely neglected, has come into the spotlight in the past decade: the
human body. It has become evident that the human body is a potent source for conveying
internal states, such as intentions or emotions (e.g., Atkinson et al. 2004; de Gelder, 2009;

Bachmann et al., 2018).

However, research continues to tackle many questions that are associated with the ability to
retrieve information about emotional states from body movements. Influencing factors that
shape our perception may include the type or amount of information that is availabe or
individual factors such as personality traits. In the following, | will give an overview of factors
that influence our ability to infer mental states from the (body) movements. Moreover, | will

elaborate on why our own experiences and behavior influences what we ultimately perceive.

1.2 Emotional Body Language

“Considering the emotional value of bodily expressions, it is somewhat surprising that the

study of perception of whole-body expressions lags so far behind that of facial expressions.

(Van den Stock et al, 2007)

While the role of the body in emotion recognition has not been a primary focus of research
for an extended period, theorists such as Darwin (1872) and Frijda et al. (1989) have long
acknowledged the strong connection between emotions and actions, leading them to

highlight the importance of the body (de Gelder, 2009). For more than a decade now,



Relevance and background

however, behavioral as well as neuroimaging research has expanded its view, including body

movements to investigate emotion recognition (for a review, see de Gelder, 2009).

1.2.1 Emotion models

Due to the emphasis on facial expressions of emotion, most emotion models only indirectly
allow for predictions about emotional body movements and the cues that observers use to
interpret them. Take the basic emotion theory (BET), for instance (Ekman, 1992, Keltner et al.,
2003; lzard, 1992; Karon & Tomkins, 2008). Although perhaps over-simplified, the BET views
emotions as a limited set of discrete entities (i.e. fear, anger, happiness, disgust, sadness,
surprise), with each of these basic emotions manifesting within a fixed behavioral pattern that
can be observed and identified even across different cultures (Ekman et al., 1969). Although
Eckman (1992) suggested a fixed behavioral pattern of emotions, most observations were
centered around facial expressions. Thus, one can only speculate that this assumption also

holds true for the bodily expression of emotion.

Other models, in contrast, do not reduce emotions and their expression to a limited number
of discrete entities or dimensions (as seen in dimensional models of emotion, see for instance
Osgood, 1966; Russell 1983) but rather highlight the complexity of emotional experience and
expression and its dependence on cultural influences (Russell, 1994). Componential models of
emotion, for instance, suggest that (emotional) motor expression is a direct effect of appraisal
(e.g. intrinsic pleasantness, goal conduciveness, coping potential) and can thus have multiple
different outcomes (e.g. Scherer et al., 2009). In this context, Scherer (2009) has made
predictions with respect to bodily representations of emotion. He suggested, for instance, that
unpleasant stimulus events might be accompanied by centrifugal hand and arm movements,

shrinking posture and avoidance locomotion.

Constructionist theories (e.g. Averill, 1980; Barrett, 2006), in turn, view emotions as categories
in a much broader sense, inspired by Charles Darwin who, for instance, viewed the concept of
a species in terms of a population of unique individuals with different phenotypes (Darwin,
1859). Applied to the (bodily) expression emotion, this means that variation is the norm
(Barrett, 2006). Happiness, for instance, can have many different expressions. You might jump
for joy, you might smile or laugh loudly, you might scream or even stand still, enjoying the
tingling feeling inside, all depending on whatever fits the situation. Based on this view, we

3
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construct an emotion and its corresponding behavior, depending on the situation, resulting in

a number of different expressions.

1.2.2 Measuring emotion recognition from body movements

Overall, emotional body movements, often termed emotional body language (EBL), can be
viewed as a composition of body parts resulting in coordinated movements and often
meaningful action. The question arises, however, what information in particular we use to
make sense of it, i.e. to recognize a certain emotion. In order to answer this question,
researchers in cognitive sciences have established different paradigms to measure the
recognition of EBL. In most cases, participants are asked to observe images or video sequences
of emotional displays and subsequently assign it to an emotion category (e.g. anger,
happiness, sadness, etc.) or judge its emotional valence (i.e. negative or positive) on a
dichotomous scale or on a continuum (e.g. Atkinson et al., 2004; Alaerts et al., 2011; Lorey et

al., 2012; Ross et al., 2012).

The types of emotional displays vary in their level of abstraction, with less abstract stimuli
such as static images and short video sequences, or more abstract stimuli such as point light
displays (PLDs) presented using desktop designs. PLDs provide only kinematic and configural
information stemming from a few points representing the joints of the body (Johansson,
1973). So far, many studies have confirmed that emotional expressions can indeed be
identified from even minimal kinematic information such as PLDs (e.g. Atkinson et al., 2004;

Alaerts et al., 2011; Lorey et al., 2012).

However Atkinson et al. (2004) showed that the use of full-light displays leads to slightly better
recognition accuracies as compared to PLDs, perhaps due to the fact that not only configural
but also form information is available. Yet, images (i.e. full light displays) are harder to control
and the observer is more susceptible to possible confounding factors such as attractiveness,

sympathy or cultral aspects (Hoffmann et al., 2010).

While most of these experimental designs can be thought of as classical desktop designs (i.e.
non-immersive and two-dimensional), in which the participants observe a certain stimulus on
the screen, more recent paradigms extend these methods by using virtual reality. A virtual
environment allows for an administration of highly-controllable dynamic stimuli, yet within a
more realistic setting (Geraets et al., 2021). Thus, the experience within a virtual reality allows

4
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for a subjective feeling of presence. A high degree of presence is thought to create a sense of
physical presence (i.e. “being there”) which leads participants to behave as if they were in the
real world (Slater et al., 1997; Heater, 1992). Similarly to PLDs, they are highly controllable,
yet preserve form and movement information. As this is a relatively new paradigm within the
field of emotion recognition research, the body of research on emotion perception from
avatars is still limited (for an overview, see Marin-Morales et al., 2020; Geraets et al., 2021;

Souto et al., 2020).

1.2.3 The role of kinematic and postural information

Using these various methods, researchers have investigated which parameters influence the
perception of emotions. In an early study, Michalak and colleagues (2009), for instance, aimed
to assess the relationship between gait patterns and sadness as well as depression. In two
different experiments they examined patients suffering from major depression as well as
undergraduate students who were subjected to a mood induction (positive and negative).
They found that gait patterns associated with sad mood and depression are characterized by
reduced walking speed and arm swing, vertical head movements as well as a slumped posture

and larger swaying movements of the upper body.

Studies focusing on the perception of emotions highlighted that there may be distinctive
patterns of posture and movement depending on the type of emotion that is displayed. While
more active emotions (e.g. anger and happiness) are associated with greater gestural
movement, speed, force and expansiveness (de Meijer,1989; Wallbott, 1998; Wallbott &
Scherer, 1986), emotions such as sadness are characterized by a lack of movement (Dael, et
al.,, 2012). When postural (e.g. limb angles and symmetry) and kinematic features (e.g.
velocity, acceleration) are directly compared, postural features seem to discriminate better

between emotion categories overall (Poyo Solanas et al., 2020).

With respect to emotion recognition processes, it has been suggested that emotional states
can be recognized either by a recognition-as-a-whole strategy, in which the entire object is
presented or even by a recognition-by-parts strategy in which the stimulus is decomposed into
simple elements such as individual body parts (Neri, 2009). This idea is supported by Pollick et
al. (2001), who demonstrated that emotions can readily be from point-light displays of

isolated arm movements. The researchers presented knocking and drinking movements with

5
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ten different affects (i.e. afraid, angry, excited, happy, neutral, relaxed, sad, strong, tired and
weak) and then asked participants to categorize the respective affect. They found that the
respective emotion can readily be identified from arm movements and that the perceived
emotional activation (i.e. intensity) relates positively to temporal movement parameters, such
as velocity, acceleration, or jerk. ). In this regard, Neri (2009) argued that individual body-part
processing occurs at an early, bottom-up processing stage in which actions can already be
identified. They emphasize that this part-based representation allows for more flexible

encoding of actions.

1.2.4 Recognizing emotion from interactions

Emotional expression, however, does not only occur at the intrapersonal level but also within
dynamic interactions between the individual and the environment to serve its communicatory
function (Blair, 2003). For instance, already children as young as two years old display non-
approach (i.e. not moving towards) or even avoidance behavior (moving away) when

confronted with an angry person (e.g. de Rosnay et al., 2006; Walle et al., 2017).

Yet, most research on emotion recognition has been carried out using single agent paradigms
in which one agent expresses a certain emotion. Interestingly, research suggests that the
recognition of affective states seems to be facilitated by the observation of dyadic interactions
rather than an individual’s emotional display (e.g. Clarke et al., 2005; Lorey et al., 2012). Clarke
and colleagues (2005), for instance, asked participants to categorize emotions (i.e. sadness,
anger, joy, disgust, fear, romantic love) from point-light displays of either dyadic interactions
or single agents that were isolated from the interaction sequence. The authors found that
performances for the recognition of joy and romantic love were markedly decreased when
single agents were displayed. Moreover, Lorey and colleagues (2012) found that observing
social interactions (i.e. dyadic displays of emotion) facilitates the perception of the
corresponding valence (i.e. positive vs. negative) of the scene and increases how confident

participants feel about their evaluation.

Within interactions, not only purely kinematic and postural cues of each agent give
information about the (emotional) content of the interaction. Research paradigms
investigating interactive activity found that the visual system relies on the spatiotemporal
coupling between the interactive agents, i.e. the dependence of the agent’s actions in space

6



Relevance and background

and time. More specifically, within meaningfully synchronized interactions (e.g. fighting or
dancing), the actions of one agent serve as the predictor for the expected actions of the other
agent (e.g. Neri et al., 2006; Manera et al., 2011, 2013; von der Liihe (2016). Manera and
colleagues (2011, 2013) showed that observing communicative gestures of one agent
enhances the visual discrimination of a second agent who responds to the gesture - a
phenomenon that has been termed as interpersonal predictive coding. It suggests that we
possess implicit knowledge about the natural dynamics of human interaction that guides the
processing of motion patterns generated within an interaction. Thus, when we try to make

sense of interactions, we seem to anticipate how it will unfold (von der Liihe, et al., 2016).

1.2.5 Interindividual differences

So far, we have established that our perceptual impression of emotion may be formed not
only through kinematic and postural information but also by the way actions between two
agents are coordinated. However, it is assumed that our perception of the world and the
people around us is shaped profoundly by individual experiences that are stored as
representations in our brain (for a review, see Decety & Sommerville, 2003). This idea is
strengthened by research which demonstrates that individual characteristics can modulate
the way we perceive emotions. These characteristics include the gender of a person, their
mood, or their own ability to get in touch with their own emotions (e.g. Alaerts et al., 2011;
Lorey et al., 2012; van der Veen et al., 2007). There is evidence which suggests that females
are generally faster and more accurate at identifying emotions conveyed through bodily cues
(Alaerts et al., 2011; Sokolov et al., 2011). However, with regard through emotions expressed
through facial expressions, this gender difference appears to only be present for more subtle,
as opposed to stereotypical, displays of emotion (Hoffmann et al., 2010; Montagne et al.,

2005).

Clinical research studies have frequently shown that persistent negative mood, as it can be
observed in patients with affective disorders such as depression, for instance, can lead to a
negative bias, i.e. depicted emotional content is rated more negatively compared to healthy
controls (e.g. Kaletsch et al., 2014). Moreover, Qiao-Tasserit and colleagues (2017)
investigated how induced affective states as well as affective traits such as depression and

anxiety influence emotion perception (i.e. fear and happiness). They found that negative (vs.
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neutral) mood increased participants’ tendency to classify ambiguous faces as fearful.
Moreover, affective traits such as anxiety and depression had a stronger effect than
temporary affective states and increased the tendency to classify ambiguous faces as fearful

(Qiao-Tasserit et al., 2017).

In a non-clinical sample, Lorey et al. (2012) used point-light displays of emotional body
movements to investigate whether individuals who have shortcomings in recognizing and
describing their own emotions are compromised in their ability to assign the sequences to a
valence category. They showed that these individuals were significantly less confident when
deciding whether a presented scene is positive or negative although their valence ratings (i.e.
whether the observed scene is positive or negative) did not differ from people without these
constraints. Goldman and Sripada (2005) also postulated a close relationship between the
ability and willingness to produce emotional behaviour and the ability to recognize affective

states in others.

2 Research gap and outline

Although the perception and recognition of emotional body language has been studied more
extensively using different tasks (see section 1.2.2) in the past decade, the debate of which
information in particular is used to create meaning from what we are seeing is still ongoing.
Multiple factors have been discussed to drive and modulate the recognition process, including
kinematic and postural properties of the movement (e.g. de Meijer,1989; Wallbott & Scherer,
1986, Dael, et al., 2012; Poyo-Solanas et al., 2020), the presence of an interacting partner (e.g.
Clarke et al. 2005; Lorey et al., 2012) as well as individual characteristics of the observer, such
as the gender of a person or one’s own ability to recognize emotions in oneself and others

(Alaerts et al., 2011; Lorey et al., 2012).

The present dissertation aims to expand our understanding of factors underlying emotion
recognition from body movements, a skill of great societal relevance. Specifically, we extent
the existing literature by using bodily displays of emotional interactions, rather than single
agents, to investigate which information in particular is retrieved to form the perceptual
impression of an emotion. Investigating these factors has great potential to advance our

knowledge of how it is possible to infer mental states by observing others and paves the way
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towards understanding why in some disorders, this ability is compromised (Kaletsch et al.,
2014; Dalili et al. 2015; Kriiger et al., 2018). In the following, three studies will be outlined with

respect to research aims and the methods that have been used.

The first study presented in this dissertation investigates which parts of the body convey key
information that ultimately allows for an identification of affective states from interactions.
Although specific kinematic and postural parameters have been linked to different emotional
states (for an overview, see Kleinsmith and Bianchi-Berthouze, 2013), it remains unclear what
parts the body in particular convey the most salient information. Moreover, as a close
relationship between the ability and willingness to produce emotional behavior and the ability
to recognize affective states in others has been postulated (Goldman & Scripada, 2005). Here,
we picked up on this issue by addressing how the emotional expressivity of the observer
influences emotion recognition. To do so, an emotion recognition paradigm was used in which
participants observed two types of impoverished PLDs depicting four different emotional
interactions (i.e. happiness, anger, sadness, affection). In the first step, participants were
asked to observe and subsequently rate the emotion category. In the next step, they were
asked to rate the confidence in their judgment. Emotional expressivity of the observer was
assessed via one of the subscales of the German version of the Emotional Competence
Questionnaire  (Emotionale-Kompetenz-Fragebogen, EKF; Rindermann, 2009). The
interactions were either depicted as arm or trunk movements, which allowed us to identify
key body parts. Moreover, it was evaluated how the the use of the information that is
presented interacts with the characteristics of the observer (i.e. the observer’s own emotional

expressivity).

In the second study, we further expand current research by identifying how spatiotemporal
properties that are specific to emotional interactions (i.e. between two agents) influence the
recognition. In particular, we asked whether the recognition of affective states depends on a
spatiotemporal coupling of the agent’s movements. To answer this question, an emotion
recognition task including four different affective interactions (anger, sadness, happiness,
affection) was used. The actions of two interacting PLDs were manipulated by implementing
various temporal offsets which delayed the onset of one of the agent’s actions (+ Oms,
+500ms, +1000ms, +2000ms). Participants observed the scenes and were asked to determine

the emotion category (anger, sadness, happiness, affection) as well as the emotional valence

9
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intensity (i.e. how positive or negative) on a 11-point likert scale. The latter allows for a deeper

understanding of more subtle perceptual differences as compared to the category rating.

Finally, the third study uses a novel multi-system virtual reality research design to investigate
whether the perceptual impression of emotional interactions is shaped by the perceived
presence of the interacting agents. Since most of the existing evidence is based on desktop
designs in which the observer is physically separated by a screen, a virtual reality approach
allows for the observer to share a space with the observed agents. Previous research has
demonstrated that immersive virtual environments (i.e., an environment in which the
participant feels physically “present”) can increase the emotional response of the viewer and
lead to a more intense perception of the content being viewed (Estupifian et al. 2014; Visch
et al. 2010). Thus, in the present study, two avatars displayed emotional interactions (anger,

III

sadness, affection, happiness) within two different conditions. In the “pictorial” condition, the
emotionally interacting partners were displayed on a screen within the virtual environment,
thus creating a sense of physical separation. In the “visual” condition, participants were able
to share a common space with the agents, with the aim of creating an increased sense of co-
presence and agency. After each presentation, explicit valence perception (i.e. positive or

negative) was assessed on a 11-point likert scale. In this regard, it was also assessed whether

there are gender differences with respect to subjective emotion recognition.

10
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ABSTRACT

Research on human motion perception shows that people are highly adept at
inferring emotional states from body movements. Yet, this process is mediated by a
number of individual factors and experiences. Within this study, we tackle two
questions. Firstly, we ask which part of the body transmits the key information that
is used to infer affective states. Secondly, we address how the observer’'s own
emotional expressivity influences the recognition process. We used two types of
impoverished point-light displays depicting the same emotional interactions as
either arm or trunk movements. Results showed that participants used different
sources of information in an emotion-specific manner. Participants with richer self-
reported emotional expressivity showed higher recognition accuracies overall but
also benefited more from information delivered by arm gestures. We interpret our
findings in terms of embodied simulation, suggesting that emotion perception
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constitutes a function of the expressing body and the individual observer.

In higher primates and particularly in humans, the
ability to perceive and experience emotions constitu-
tes a core competence. Emotions can be viewed as
the “principal currency” for human relationships, and
they are often the underlying motivational force for
human behaviour. This capability to perceive and cor-
rectly interpret another individual's affective state
automatically — that is, without conscious effort — is
of great adaptive value, because it allows us to navi-
gate our behaviour toward an adequate response.
Emotional states can be inferred from different
information sources. Alongside facial expressions
and speech, human body movements present one
major source of information for recognising an indi-
vidual's affective state (Bachmann et al, 2018; de
Gelder, 2006; de Gelder et al.,, 2014). Individuals are
able to infer emotional states by observing body
movements, even when the provided stimulus infor-
mation is reduced to a minimum. Point-light displays
(PLDs), for instance, present such a form of highly
reduced stimulus material, as they contain only kin-
ematic and configural information, eliminating

possible confounding factors, such as attractiveness,
sympathy or cultural aspects (Hoffmann et al., 2010).

Generally, human body language can be con-
sidered a composition of body posture, trunk and
arm movements, gestures, and the use of space to
convey information such as the felt emotion (Dael
et al., 2012). Several studies have demonstrated that
human body posture (de Meijer, 1989; Hadjikhani &
de Gelder, 2003; Schindler et al, 2008; Wallbott,
1998) and arm gestures (Dael et al., 2012; Montepare
et al., 1999; Pollick et al., 2001) convey emotional infor-
mation quite reliably. In this regard, Neri (2008) argued
that individual body-part processing occurs at an
early, bottom-up processing stage in which actions
can already be identified. They emphasise that this
part-based representation allows for more flexible
encoding of actions. However, the question remains
which part of the body carries more salient infor-
mation for emotion recognition. The answer to this
question may rely on the characteristics of the
specific emotional category. Wallbott and Scherer
(1986) pointed out that there seem to be distinctive
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patterns of movement and postural behaviour associ-
ated with certain emotions, which may allow for a
reliable distinction between emotional categories.
More “active” emotions such as anger and happiness
are expressed through greater gestural movement
activity, speed, force, or expansiveness (de Meijer,
1989; Wallbott, 1998; Wallbott & Scherer, 1986). In con-
trast, sadness is an emotion related to apathy, hypo
activity, and the absence of every form of action
(Dael et al, 2012). Thus, it seems possible that
emotions like anger and happiness are perceived
more easily from arm movement than movement of
other body parts, while this might not be the case
for sadness sequences due to the relative lack of ges-
tural movements.

It has been proposed that one underlying mechan-
ism mediating the perception and recognition of
emotions in human body movements is embodied
simulation. This means that an observer arrives at a
mental attribution by simulating, replicating, or repro-
ducing her or his own representations of being in the
same state as the observed person (Barsalou et al.,
2003; Gallese, 2003; Gallese & Goldman, 1998;
Goldman & Sripada, 2005; Rizzolatti & Sinigaglia,
2010). In the case of emotion perception, seeing
someone else’s emotional expression might be
linked to a simulation of the respective emotion in
oneself and, therefore, to experiencing one’s own
emotions (Goldman & Sripada, 2005; Niedenthal
et al,, 2009; Wicker et al., 2003). Thus, embodied simu-
lation suggests that our perception of the world and
the people around us is shaped profoundly by individ-
ual experiences held in our brain’s representations (for
a review, see Decety & Sommerville, 2003). This notion
has been underpinned by research on the modulating
influence of observer characteristics on perceptual
processes. For example, it has been demonstrated
that individual characteristics such as gender, mood,
or the ability to get in touch with one’s own emotions
modulate emotion perception (Alaerts et al, 2011;
Lorey et al.,, 2012; Van der Veen et al., 2007). Further-
more, Goldman and Sripada (2005) postulated a
close relationship between the ability and willingness
to produce emotional behaviour and the ability to
recognise affective states in others.

On this background, the present study formulates
two major issues: First, it is still not clear which
aspect of human body language carries the most
salient information from which to infer affective
states. Thus, we tried to disentangle which part of a
dynamic body movement provides the key
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information for emotional action recognition and
whether this is emotion-specific. Second, it remains
unclear how the ability to express one’s emotions
affects the recognition of emotions expressed by
others. More specifically, we asked whether differ-
ences in this ability relate, for example, to a specific
usage of information given by trunk or arm move-
ments to infer an emotional state. Therefore, we
used PLDs of human interactions depicting the kin-
ematics and configural information of various
emotions (anger, sadness, affection, happiness). The
PLDs were presented within an occlusion paradigm
as arms-only (i.e. shoulders, elbows, wrists) or trunk-
only (i.e. head, trunk, and legs) displays with full-
body displays serving as a baseline condition. Partici-
pants were asked to rate the depicted emotional cat-
egory of the PLDs and report their subjective
confidence in their assessments. We created post
hoc groups with varying levels of emotional expressiv-
ity to examine the influence of this factor on emotion
recognition.

We hypothesised that (1) participants would be
able to infer emotions from the depicted PLDs
(serving as the precondition); (2) participants with an
enriched emotional expressivity would show higher
recognition accuracies in their evaluations of full-
body displays; (3) the depiction of reduced stimuli
(i.e. dynamic trunk and arm movements) would nega-
tively impact recognition accuracies, presumably in an
emotion-specific manner; and (4) richness of
emotional expressivity in the observer would posi-
tively relate to recognition accuracies and confidence
ratings for reduced stimuli.

1. Methods and materials
1.1. Participants

Thirty adults, including 17 females (mean age =23.3
years, SD=5.3 years) and 13 males (mean age =25.2
years, SD=4.3 years) with normal or corrected-to-
normal vision participated in the study. None reported
any history of psychiatric or neurological disorders
and they had no history or current use of psychoactive
medication. All subjects gave written informed
consent in accordance with the Declaration of Hel-
sinki. The protocol was approved by the local ethics
committee. The German version of the Emotional
Competence Questionnaire (Emotionale-Kompetenz-
Fragebogen, EKF; Rindermann, 2009) was used to
assess the participant’s score within four ability
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domains. The first subscale assesses the ability to
recognise one’'s own emotions; the second, the
ability to recognise emotions in others; the third, the
ability to regulate and control one’s emotions; and
the fourth, the ability to express one’s emotions,
both nonverbally and verbally. The EKF contains 62
items that have to be rated on 5-point scales
ranging from 1 (strongly disagree) to 5 (strongly
agree). Scores ranged from 91.68 (within average) to
125.68 (above average) (M =108.57, SD = 10.04).

Beck’s Depression Inventory (BDI-ll; Beck et al.,
1996) and the State-Trait Anxiety Inventory (STAI;
Spielberger et al., 1983) were applied to control for
each participant’s current emotional state. BDI-I
scores ranged from 0 to 20 (M = 9.0, SD = 5.5). Five par-
ticipants displayed scores greater 13, indicating a
depressed mood. STAI-X1 scores ranged from 24 to
60 (M=38.5, SD=28.3); STAI-X2, from 27 to 57 (M=
39.7, SD=9.5). Although some of these participants
showed clinically relevant scores (i.e. a BDI-Il total
score above 13), it did not affect their emotion recog-
nition behaviour (see supplementary material).

1.2. Creating point-light stimuli

Eight pairs of non-professional actors were asked to
portray four emotional states within an interaction:
happiness, sadness, anger, and affection. Each
emotional state was acted out in three intensities
(low, medium, and high) in order to obtain a variety
of emotional expressions. To ensure a symmetric
behavioural pattern, all participants received scripts
of emotional situations that they were instructed to
perform. Subjects were asked to act intuitively
within the context of the given situation, thereby
allowing freedom and subsequently variability in
their expression. Moreover, both actors in a scene
were instructed specifically to perform the same
emotion in order to produce a congruent behavioural
pattern.

The interactions were recorded with an optical
motion capture system (Vicon Motion Systems,
Oxford, England) equipped with 10 cameras. Forty-
one reflective markers were attached to predefined
anatomical landmarks on the whole body of the
actor. Marker placement was based on the Vicon
“plug-in-gait” model originally comprising 39
markers per person (see Figure 1(A)). In our recording
sessions, we placed two additional markers on the left
and right little toe of the participants. This was done so
that we would be able to create different stimuli from

the motion capture data (i.e. virtual reality avatars,
point-light displays). The three-dimensional trajec-
tories of the markers were tracked with a spatial accu-
racy of 1 mm at a sampling rate of 100 Hz. After
capturing, the data was post processed using Nexus
1.8.5 (Vicon Motion Systems, Oxford, England). In this
step, only the parts of a sequence successfully repre-
senting the emotion were retained. We then created
video files of 4-s sequences from the original coordi-
nate 3D (C3D) files using MATLAB software (Math-
Works, Natick, MA). Within this process, only 15
markers per person were plotted as white spheres
on a black background, which represent a standard
PLD model (Troje et al., 2005).

1.3. Stimulus validation and selection

Prior to the experiment, we tested the recognisabil-
ity of the scenes within a pilot study. We asked 18
participants who did not participate in the present
experiment to evaluate the valence and the
emotional category of the interaction. Valence was
judged on an 11-point scale ranging from —5 (extre-
mely negative) to+5 (extremely positive). Emotion
categories included anger, sadness, happiness, and
affection. We applied two validation criteria for the
stimuli: The first was that at least 50% of the partici-
pants should recognise the emotion displayed in the
trial (e.g. anger). The second criterion ensured that
the second most rated emotion (e.g. sadness)
should not exceed a percentage of 25%. This
allowed us to identify and exclude ambiguous
scenes in which a specific emotion could not be
recognised reliably. Finally, we randomly selected
12 scenes for each emotion that met both criteria,
forming a set of 48 stimuli for this study. To
ensure that our emotion categories did not differ
significantly in terms of perceived intensity, we aver-
aged valence ratings per stimuli across participants.
Next, absolute values (i.e. intensities) were calculated
and entered into a one-way ANOVA with emotional
category as the independent variable. Results
confirmed that the mean intensities did not differ
significantly between categories, F(3, 47)=.17, p
=.92, n*=.01. Lastly, we created two reduced
forms of the PLD sequences for the experimental
manipulation. The first reduced form comprised
only arm markers - that is, shoulders, elbows, and
wrists (“arms-only”). The second form of reduced
PLDs included all markers except arm markers -
that is, head, clavicular, hips, knees, and ankles
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Figure 1. Stimulus creation and experimental timeline. (A) First, point-light displays using Vicon Motion Capture System were created with 41
markers attached to predefined anatomical landmarks (modified Vicon “plug-in-gait” model, adapted from Galna et al., 2014). Full-body stimuli
consisted of 15 markers from which arms-only and trunk-only stimuli were derived. (B) Temporal structure of one trial.

(“trunk-only”). Figure 1(A) depicts the different stimu-
lus categories.

1.4. Experimental procedure

Prior to the experiment, participants were famil-
iarised with the task and subsequently performed a
test run. In the test run, they categorised four
different emotional interactions. To do so, a
sequence was presented and participants sub-
sequently had to choose one out of four emotional
categories (i.e. sadness, anger, happiness, affection)
to classify the sequence. All scenes were depicted
as full bodies, arms-only and trunk-only, resulting
in a total of 4x 3 test sequences. The actual exper-
iment comprised a series of 144 sequences (4
emotions X 12 scenes X3 types of display). Each
sequence was presented twice, resulting in a total
of 288 trials. Sequences were displayed in a pseudor-
andomised order to prevent the same trial from
being presented consecutively.

Each trial started with a fixation phase (1s), fol-
lowed by a stimulus sequence (4s) and then two
ratings (7s each). The first rating assessed the
emotion category and participants could choose
from five options: anger, happiness, sadness,
affection, and “undecided”. After each category
rating, a second rating assessed rating confidence

on an 11-point scale ranging from 0 to 100% confi-
dence (see Figure 1(B)). In total, the experimental
session took about 45 min per participant.

1.5. Data analysis and statistics

1.5.1. Influence of emotional expressivity on
emotion recognition

In the first step of our analyses, we calculated recog-
nition rates of full body displays based on our vali-
dation data. In order to ensure a sufficient degree of
recognisability of the stimuli, we tested each
emotional category against chance (25%), using Bon-
ferroni-corrected one-sample t-tests.

Next, a between-group factor was generated. The
emotional expressivity subscale of the EKF was
sorted by scores and split into three equally sized
groups (n=10): a low expressivity (M=97.5, SD=
3.7), a medium expressivity (M =108.4, SD =3.6), and
a high expressivity group (M=116.4, SD=1.5). We
created three groups to ensure good differentiability,
while keeping the sample size per group as large as
possible. The groups differed significantly from each
other with respect to their mean emotional expressiv-
ity scores, as revealed by a one-way ANOVA (F (2, 29) =
45.21, p <.001). Post hoc analyses indicated that the
mean scores of each group were significantly
different from each other (all ps <.001).
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We then calculated a 3 (emotional expressivity
group: low, medium, high expressivity) x 4 (emotion
category: anger, sadness, happiness, affection)
repeated measures ANOVA to explore whether
emotional categories differ in terms of their recognisa-
bility and whether recognition performances are
mediated by the group factor.

1.5.2. Influence of stimulus reduction on emotion
recognition

In the last step, we explored the effect of stimulus
reduction on recognition performances. To do so,
the full body ratings of a participant were used as an
individual baseline measure (in contrast to the pre-
vious analysis, in which validation data were used as
a baseline). Having presented the full body stimuli
twice, we were able to identify ambiguous interactions
on an individual level, which allowed us to exclude
them from further analysis (5.6% of all trials), and sim-
ultaneously ensured good intra-rater reliability of the
full body baseline ratings. On the basis of this individ-
ual baseline, we calculated relative recognition accu-
racies by comparing the category ratings of the
reduced stimuli (i.e. arms-only, trunk-only) to the
respective full body rating.

Finally, we calculated two 4 (emotion category:
anger, sadness, happiness, affection) x 3 (emotional
expressivity groups: low, medium, high expressivity) x
2 (stimulus type: arms-only, trunk-only) repeated
measures ANOVAs for the dependent variables recog-
nition performance and rating confidence. All statistics
were calculated using SPSS software (Version 25) and
alpha was set at .05 for all statistical tests. All post hoc
pairwise comparisons were Bonferroni-corrected.

Due to violations of the normal distribution, we
applied a two-step relative rank transformation
according to Templeton (2011) to normalise our
data. All recognition rates are presented in percen-
tages. The respective statistics rely on normalised
data.

2. Results
2.1. Emotion recognition of full-body stimuli

Overall, emotion recognition accuracies were high
(see Table 1). All four emotions were classified above
chance level (anger: t[29] = 31.44, p < .001; happiness
t[291=27.94, p<.001; affection: t[291=19.35 p
<.001; sadness: t([29]1=19.44, p <.001)). On average,
categorisation judgments showed an accuracy of

80.7%. Anger sequences were categorised with the
highest accuracy, displaying a mean recognition per-
formance of 87.8%. The second most accurately cate-
gorised emotion was happiness at 85.6%. This was
followed by sadness with a mean recognition per-
formance of 82.1%. Affection, however, showed a
markedly lower recognition performance of 67.6%,
yet still within a fully satisfying range (see Figure 2(A)).

2.2. Emotion recognition of full-body stimuli
and the influence of emotional expressivity

To investigate the relationship between emotion rec-
ognition of full body stimuli and emotional expressiv-
ity, we conducted a 3 (emotional expressivity
group) X4 (emotion category) repeated measures
ANOVA (see Figure 2(B)). Results revealed a main
effect of emotional expressivity group, F(2, 27)=
10.44, p <.001, 7]5 = 0.44. Post hoc analyses revealed
a significantly lower recognition accuracy for the low
expressivity group as compared to the medium (p
<.001) or high expressivity group (p <.05). No signifi-
cant interaction was found between expressivity
group and emotion category (F(6, 81)=1.62, p=.15,
np =0.11).

2.3. Influence of stimulus reduction on
recognition performance and confidence

In the next step, we examined how the reduction of
kinematic information influenced recognition per-
formance. We computed two separate 3 (emotional
expressivity group) x 2 (stimulus type) x4 (emotion
category) repeated measures ANOVAs with emotional
expressivity as a between-subject factor to determine
the significance of both the emotion recognition per-
formance as well as the confidence ratings.

For recognition performance, analyses revealed a
significant main effect of stimulus type, F(1, 27)=
50.06, p <.001, 775 = 0.65. Participant’s performances
were significantly higher when presented with arms-
only stimuli (M=68.9%, SEM=1.7%) compared to
trunk-only sequences (M =57.8%, SEM = 1.4%). Inter-
estingly, this effect was further differentiated by an
interaction between stimulus type and emotion cat-
egory, F(3, 81) =66.21, p <.001, 15 = 0.71 (see Figure
3(A)), indicating that the effect did not hold for all
emotions equally. Whereas anger and happiness
were recognised more easily from arms-only com-
pared to trunk-only displays (both ps<.001),
affection interactions did not lead to stimulus-



COGNITION AND EMOTION 1375

Table 1. Confusion matrix of emotion categories. Displays how often (in %) a specific target emotion was recognised as another emotion.

recognised emotion [%)

anger happiness affection sadness undec.
target emotion anger 87.8 33 0.4 3.6 4.7
happiness 10.1 85.6 1.0 0 33
affection 39 14.7 67.6 6.0 7.8
sadness 42 25 0.8 82.1 104

Note: Percentage values are calculated across all sequences and all participants (n = 2880).

specific recognition performances. For sadness
sequences, however, the effect was even reversed.
Here, recognition rates were significantly higher for
trunk-only compared to arms-only sequences (p
<.001). Therefore, the main effect “stimulus type” ori-
ginated from an advantage of arms-only displays in
two emotion categories (i.e. anger and happiness),
whereas trunk-only displays led to an advantage for
only one emotion category (i.e. sadness).

With regard to confidence ratings, we also found a
main effect of stimulus type on confidence ratings, F(1,
27) =21.68, p <.001, 1} = 0.45, indicating that partici-
pants were more confident when rating arms-only dis-
plays (M =75.2%, SEM = 1.8%) compared to trunk-only
sequences (M =70.2%, SEM = 2.3%). Again, this effect
was augmented by a significant interaction between
stimulus type and emotion category, F(3, 81) = 28.56,
p <.001, 77,2, = 0.51. Whereas anger and happiness
were judged with a higher confidence when observed
as arms-only stimuli, the effect was reversed for
sadness sequences in which trunk-only stimuli were
judged more confidently (all ps <.001). Confidence
for affection sequences did not reveal significant
differences for the two stimulus types (p=.14; see
Figure 3(B)). Therefore, the results for recognition
scores and the associated confidence ratings seem
to be congruent.

2.4. Influence of emotional expressivity on
reduced stimulus recognition performance and
confidence

Finally, we investigated whether the emotional
expressivity groups were affected differently by the
reduction of the stimulus material. Results revealed a
main effect of expressivity group, F(2, 27)=9.28, p
=.001, 77520-41- Participants with low emotional
expressivity displayed significantly lower recognition
accuracies than participants with medium (p <.01) or
high (p <.05) emotional expressivity (see Figure 3(C)).

Interestingly, there was a significant interaction
between group and stimulus type, F(2, 27) =4.46, p

<.05, 77,?, = 0.25. This interaction showed no signifi-
cant difference between arms-only and trunk-only rec-
ognition for the low emotional expressivity group;
however, medium and highly expressive participants
differed significantly in their recognition performance
depending on the type of stimulus presented. For
these individuals, recognition performances were
better for arms-only stimuli compared to trunk-only
stimuli (p<.001 in both groups; see Figure 3(D)).
These results indicate that medium and high expres-
sivity group individuals showed higher recognition
performances driven by higher recognition accuracies
for arms-only stimuli.

Whereas these effects were found for recognition
performance, confidence did not differ depending
on one's own emotional expressivity, F(2, 27) = 1.38,
p=.27, 7 = 0.09.

3. Discussion

The present study demonstrates that participants are
able to infer the emotional states from interactions
depicted by PLDs. However, it seems that, depending
on the emotion which is displayed, different body
parts can carry the key information that allows for a
decoding of the affective state. More precisely, the
depicted emotions anger and happiness are recog-
nised more reliably and more confidently from arm
movements compared to movements of the rest of
the body. Regarding interactions that depict sadness,
we found the opposite effect: These PLD interactions
are easier to recognise and are recognised more confi-
dently from trunk rather than from arm movements.
Interactions displaying affection, however, can be
recognised equally well from both body and arm
movements.

With respect to one’s ability and willingness to
express emotions, the present data reveal a relation-
ship with recognition performance: Participants with
an enriched emotional expressivity show higher rec-
ognition accuracy. More specifically, our data show
that individuals with lower emotional expressivity
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Figure 2. Emotion recognition rate of full-body stimuli for (A) all four
emotion categories and (B) separated by emotional expressivity. Bars
(and their standard errors) showing average emotion recognition rate
in % as (A) a function of emotion and (B) additionally separated by
group (low, medium, high emotional expressivity [EE]). Horizontal
lines indicate significant differences between (A) emotions, respect-
ively between (B) participant groups. Significance level is indicated
by asterisks (*: p <.05; ***: p <.001). Dashed line represents threshold
of chance recognition (25%).

display an equally decreased performance for arms-
only as well as trunk-only displays. Individuals with
higher emotional expressivity, however, benefit

differentially from information on arm movements,
as their recognition is enhanced especially when arm
stimuli are presented.

Our results suggest the following main conclusions:
(1) Humans are highly adept at recognising emotions
from extremely impoverished stimulus information
and (2) use emotion-dependent movement features
to infer the emotional content of an interaction. (3)
One’s own ability and willingness to express emotions
modulates emotion recognition. (4) Individuals with
higher emotional expressivity seem to profit from
information conveyed by gestures to infer observed
emotions. In the following, we shall discuss the main
findings in more detail.

3.1. Understanding emotions from body
movement and body language

Emotion perception and recognition are an inherently
multimodal phenomenon based on different cues in
different modalities - namely gestural, postural,
facial, or vocal (Atkinson et al., 2004; Pollick et al,,
2001). There is a broad body of literature demonstrat-
ing that people have little difficulty in decoding
emotionally relevant cues from others’ bodily
expressions, and that they regularly use these to
infer emotional states (Atkinson et al, 2004; de
Gelder, 2006). Because a number of critical features
might contribute to recognising emotions from body
language, one major claim of research in this field
has been to define the relative impact of different
motor parameters and movement features.

In principle, it can be stated that both, static prop-
erties of postures (Coulson, 2004; Tracy & Robins,
2004) and dynamic qualities of body movement
enable emotion perception (Atkinson et al., 2004; Dit-
trich et al., 1996; Glowinski et al., 2011; Wallbott, 1998).
For example, when Pollick et al. (2001) investigated
emotion perception from arm movements, they
found that perceived emotional activation (arousal)
relates positively to more temporal movement par-
ameters (such as velocity, acceleration, or jerk).
Studies investigating affective gait patterns such as
sad gait have come to a similar conclusion (Michalak
et al., 2009): Sad walking is rather slow-paced with a
clearly diminished arm swing, thereby underpinning
also the importance of movement-related temporal
parameters. Wallbott (1998) reported that produced
movement features such as spatial extension or move-
ment energy also differentiate significantly between
expressed emotions. Regarding relevant body parts,
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Figure 3. Stimuli type dependent categorisation performances and confidences. Emotion-specific recognition performance (A) and confidence
(B) for reduced stimuli (arms-only [AO] and trunk-only [TQO]) across all participants. Influence of emotional expressivity (low, medium, high EE
group) shown as (C) main effect of EE group and (D) interaction with stimulus type on recognition performances. All bars (and their standard
errors) displaying average categorisation performance and confidence rates in %. Horizontal lines indicate significant differences. Significance

level is indicated by asterisks (*: p <.05; ***: p <.001).

Dael et al. (2012, 2013) showed that it is especially
characteristics of arm and hand movements that
allow a reliable emotional attribution. Hence, a
complex interaction between timing and spatial par-
ameters of different body parts and body form con-
tributes to the percept of a specific emotional state.
In the present study, we used an occlusion para-
digm to elucidate the salience of body and arm move-
ments for recognising four different emotional states
displayed as interactions: namely, anger, sadness, hap-
piness, and affection. In line with the literature, the

present data demonstrate that emotions can be con-
veyed via both, arm as well as trunk movements.
However, we further showed that the movement fea-
tures used to infer the emotional content of an inter-
action are emotion dependent. That is, anger and
happiness are recognised more reliably from arm
movements compared to trunk movements, but the
opposite is the case for sad interactions.

In this regard, it has been argued that more active
emotions (e.g. hot anger, elated joy, pride, irritation)
are associated with more expansive and more forceful
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arm gesturing (Dael et al., 2013; de Meijer, 1989; Wall-
bott, 1998; Wallbott & Scherer, 1986). Thus, it is plaus-
ible that arm movements might be mandatory for the
recognition process and can, therefore, be considered
as one key information carrier for emotions such as
happiness and anger. In particular, they seem to
encode emotion-specific action tendencies of the
observed agent, and their decoding helps the obser-
ver to adapt to actual environmental demands (e.g.
information processing, preparation, and direction of
action, communication of reaction, and behavioural
intention).

In contrast, sadness is characterised by a reduction
or even absence of every form of action, including arm
movement, vertical movements of the head and
lateral swaying movements as well as by a slumped
posture (Dael et al, 2012; Michalak et al, 2009).
Thus, in particular information stemming from a
specific trunk posture seems to provide the most
salient emotion-specific information, perhaps due to
the relative lack of any emotion-specific effector
movements.

In support of these findings, the investigation of
the bodily topography of feelings revealed that
different feelings were associated with distinct
bodily fingerprints (Nummenmaa et al., 2018). While
all emotions are felt within the head as well as
within the trunk, anger and happiness are predomi-
nantly felt within the upper limbs (i.e. arms and
hands). Sadness, in contrast, is felt within the trunk
but not within the upper or lower limbs. The feeling
of love seems to spread across the body. Thus, it
seems plausible that the same body parts in which
an emotion is felt are also used to express the
emotion and will ultimately serve as information
carrier during emotion perception.

3.2. How does individual emotional
expressivity shape emotion recognition?

The subjective tendency to express emotions varies
inter-individually (Kring & Gordon, 1998). In the
present study, we demonstrated that this individual
characteristic impacts on the recognition of emotional
interactions: Individuals with higher subjective
emotional expressivity are better at recognising
emotions than individuals with lower subjective
emotional expressivity. Our results further show that
individuals with low emotional expressivity reveal no
differences in their recognition performance for the
two types of reduced stimuli presented here (i.e.

arms-only vs. trunk-only PLDs). In contrast, individuals
with medium or high emotional expressivity profited
especially from displays presenting arm movements.

In this regard, several studies revealed that individ-
ual characteristics mediate the observer's perception
of affective states in others (Bernaerts et al., 2016;
Edey et al, 2017; Kaletsch et al., 2014a, 2014b; Van
der Veen et al,, 2007). Lorey et al. (2012), for instance,
showed that participants with a reduced ability to
identify and describe own feelings are significantly
less confident about their judgment of emotional
interactions depicted as PLDs. Moreover, a study by
Edey et al. (2017) showed that an individual's own
walking kinematics were directly related to the judg-
ment they made about another person’s affective
state depicted by emotional PLDs.

A shared mapping of feelings and subjective states
across individuals is also supported by a large body of
empirical literature in the domain of action perception
addressing the principle of action-perception loops
(Decety & Sommerville, 2003; Prinz, 1997). One core
assumption is that the perception of a given behav-
iour in another individual automatically activates
one’s own representations of that behaviour (Barsalou
et al., 2003; Knoblich & Flach, 2001; Preston & De Waal,
2002). Hence, seeing someone else’s emotional
behaviour might be linked to a simulation of the
way we express that emotion ourselves (Gallese,
2003; Singer & Lamm, 2009; Wicker et al., 2003).

However, based on our data we cannot rule out
that the underlying process of emotion recognition
can also be explained by a perceptual learning
process and perceptual expertise. Grossman et al.
(2004), for instance, showed that participants who
were visually exposed to biological motion displayed
as PLDs did not only show improvements in their rec-
ognition performance but also displayed increased
BOLD-signal within areas associated with the recog-
nition of motion and form. With respect to our
findings, it may be possible that highly expressive indi-
viduals acquire visual instead of motor represen-
tations of their very own emotional body
expressions, which then can be retrieved to under-
stand another person’s expressive behaviour.

4. Conclusions

We can draw two main conclusions from our findings:
First, we demonstrated that emotions can be con-
veyed via arm as well as trunk movements. More pre-
cisely, we showed that the movement features used to



infer the emotional content of an interaction are
emotion-dependent. Whereas anger and happiness
can be recognised more reliably from arm movements,
sadness seems to be perceived mainly via cues from
the head and torso. Thus, body parts that express the
emotional state are also the most salient parts from
which the observer can perceive it and, therefore,
underpin the notion of an action perception loop
across the agent and the observer (Hari & Kujala, 2009).

Second and more importantly, this recognition
process seems to be linked to one’s own ability to
express emotions. We demonstrated that individuals
with higher emotional expressivity show better recog-
nition performances for emotional PLDs. Higher
emotional expressivity is also associated with better
recognition of emotional arm as compared to trunk
movements, thereby showing a certain sensitivity of
more expressive individuals for arm movements
suggesting, again, a shared representation of action
and perception in the framework of emotional body
movements. Thus, emotion perception from body
language seems to form a function of the expressing
body and the individual observer.

5. Limitations and future implications

In order to assess emotional expressivity, we used a
self-report measure. However, to our knowledge,
there have not been any studies investigating the
link between reported emotional expressivity and
actual emotional expressivity, as measured by kin-
ematic parameters. As self-report measures might be
influenced by social desirability or low introspective
ability, we cannot ascertain how closely the self-
reported subjective impression of one’s own
emotional expressivity relates to the actual usage of
body language to express emotions. Yet, despite of
this methodological limitation we found a significant
influence of this self-report measure on objective
measures on emotion recognition.

However, a follow-up study should tackle this issue
of subjectivity by specifying objective kinematic par-
ameters (e.g. joint velocity, acceleration, jerk) that
are affected by emotional states and investigate how
these specific parameters relate to one’s self-reported
emotional expressivity.
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Affective states can be understood as dynamic interpersonal processes developing over time and space. When we
observe emotional interactions performed by other individuals, our visual system anticipates how the action will
unfold. Thus, it has been proposed that the process of emotion perception is not only a simulative but also a
predictive process - a phenomenon described as interpersonal predictive coding. The present study investigated
whether the recognition of emotions from dyadic interactions depends on a fixed spatiotemporal coupling of the
agents. We used an emotion recognition task to manipulate the actions of two interacting point-light figures by
implementing different temporal offsets that delayed the onset of one of the agent's actions (+0 ms, +500 ms,
+1000 ms or + 2000 ms). Participants had to determine both the subjective valence and the emotion category
(happiness, anger, sadness, affection) of the interaction. Results showed that temporal decoupling had a critical
effect on both emotion recognition and the subjective impression of valence intensity: Both measures decreased
with increasing temporal offset. However, these effects were dependent on which emotion was displayed.
Whereas affection and anger sequences were impacted by the temporal manipulation, happiness and sadness
were not. To further investigate these effects, we conducted post-hoc exploratory analyses of interpersonal
movement parameters. Our findings complement and extend previous evidence by showing that the complex,
noncoincidental coordination of actions within dyadic interactions results in a meaningful movement pattern and
might serve as a fundamental factor in both detecting and understanding complex actions during human
interaction.

1. Introduction and even affective states (Bachmann, Zabicki, Munzert, & Kriiger, 2020;

Hill & Pollick, 2000; Lorey et al., 2012; Mather & Murdoch, 1994;

Social interactions are highly complex phenomena in which people
rely on efficient mechanisms to derive information about each other. We
are able to quickly retrieve a wealth of explicit and implicit information
through the mere observation of a person. In particular, the human body
presents a rich and reliable source of nonverbal information. Body
motion tells us not only what a person is doing but also why they are
doing it. It communicates both the mental state of a person and their
action demands to the perceiver (for a review, see de Gelder, 2006).

Individuals can make a number of inferences about a person even if
the available information is reduced to a minimum, as seen in point-light
displays (PLD) in which shape information is removed while kinematic
and configural information is preserved. It is not only possible to judge
the gender or the identity of a person by simply observing these light
points representing the kinematics of joints, we can also infer intentions
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Runeson & Frykholm, 1983; Troje, 2002). It has been argued that af-
fective states, often termed as emotions, are thought to inherently carry
information about an organism's needs and goals and thus are closely
linked to action tendencies. In his componential theory, Frijda (1986,
2007) described that action tendency or change in action readiness may
represent a central component in emotional experience and thus closely
ties to motor expression. In turn, the ability to retrieve relevant infor-
mation allows us to generate adequate responses and integrate complex
behavioral repertoires in order to achieve a certain goal (de Gelder,
2006; de Gelder & Hortensius, 2014; Frijda, 1986).

Interestingly, research shows that the recognition of affective states
seems to be facilitated by observation of dyadic interactions rather than
an individual's (monadic) emotional display (T. J. Clarke, Bradshaw,
Field, Hampson, & Rose, 2005; Lorey et al., 2012). Clarke et al. (2005),
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for instance, asked participants to identify the emotion category from
interactions displayed as point-light displays. These were either dis-
played as single actors (monads) or as dyads. They found that the
recognition of joy and romantic love was impaired by the absence of the
interacting partner. Regarding the expression of emotions, it was
demonstrated that the expression of joy is heightened in the presence of
others (Fridlund, 1992). Both aspects highlight the fact that affective
states are not merely intrapersonal but dynamic interpersonal processes
that develop over time and space (T. J. Clarke et al., 2005; Lorey et al.,
2012).

It has been proposed this ability to assign intentions or affective
states from mere observation can be explained by simulation theory
(Gallese & Goldman, 1998). Although simulation theory was thought to
explain action understanding, it was soon extended and applied to
intention and emotion understanding as well (Gallese, 2009; Rizzolatti
& Craighero, 2004). Within this framework, perceiving bodily expres-
sions of emotion in others is thought to rely on one's own (motor) rep-
resentations of these emotional movements and states (Gallese, 2009;
Gallese, Keysers, & Rizzolatti, 2004). More specifically, we recognize
another individual's emotional state by internally simulating the same
emotional state in ourselves (Wicker et al., 2003).

However, it has also been proposed that action perception is not only
a simulation of what is happening but also a prediction of what is going to
happen (Kilner, Friston, & Frith, 2007). This view is supported by
behavioral evidence. In a seminal study, Neri, Luu, and Levi (2006)
demonstrated that when interactive activity requiring close body con-
tact is observed (e.g., fighting or dancing), the human visual system
relies on the spatiotemporal coupling between the agents to retrieve
information relating to each agent individually. More specifically,
within meaningfully synchronized interactions, the actions of one agent
serve as the predictor for the expected actions of the other agent. This is
particularly true if actions of both agents are tightly coupled as in the
context of fighting and dancing.

With respect to social interactions that do not require close body
contact, Manera, Becchio, Schouten, Bara, and Verfaillie (2011); Man-
era, Schouten, Verfaillie, and Becchio (2013) and von der Liihe et al.
(2016) demonstrated that observing dynamic communicative gestures
of one agent enhances the visual discrimination of a second agent who is
responding to this communicative gesture—a phenomenon that has
been referred to as interpersonal predictive coding. Their results suggest
that we possess implicit knowledge about the natural dynamics of
human interaction that guides the processing of motion patterns
generated by each of the two agents. Thus, when we observe actions
performed by other individuals, we seem to anticipate how the action
will unfold (von der Liihe et al., 2016). When we are engaged in a direct
social interaction with a partner, prediction of the other person's actions
helps us adjust our movements “online” (i.e., in real time) in order to
plan an appropriate response (Becchio, Sartori, & Castiello, 2010).
However, up to now, little is known about how such a spatiotemporal
relatedness of the actions of two agents is important for recognizing
different emotions in social interactions. Here, we explicitly address two
questions: (a) Does the recognition of emotions from dyadic interactions
depend on a fixed spatiotemporal coupling of the actions of the in-
dividuals? (b) Is this coupling emotion-specific?

To address these questions, we employed an emotion recognition
task in which we manipulated the actions of two interacting agents by
implementing different temporal offsets. More specifically, we delayed
the onset of one of the agent's actions by either 40 ms, +500 ms, +1000
ms, or + 2000 ms. Participants were asked to determine the subjective
valence—that is, how positive or negative a stimulus is perceived to
be—as well as the emotion category (happiness, anger, sadness, or
affection) displayed within a given scene. In light of experimental evi-
dence demonstrating that spatiotemporally congruent actions are crit-
ical for the perception of social interactions, we anticipate that
recognition will be impaired as a result of the temporal offset (Manera
et al., 2011; Neri et al., 2006; Petrini, Piwek, Crabbe, Pollick, & Garrod,
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2014; Thurman & Lu, 2014). Furthermore, we expect that because some
emotions have a stronger interpersonal character (e.g., affection is
characterized by stronger bodily interaction than sadness), the recog-
nition of certain emotions will be affected more strongly by the temporal
decoupling (T. J. Clarke et al., 2005).

Finally, we aimed to explore whether objective movement parame-
ters are influenced by the temporal offset, and how these potential
changes correspond to the subjective measure of emotion perception.
Therefore, we quantified objective interpersonal movement features of
the observed scenes and related these to recognition performance.

2. Methods
2.1. Participants

Forty-four adults (19 females and 25 males, mean age = 24.68 years,
SD = 6 years) with normal or corrected-to-normal vision participated in
the study. None reported any history of psychiatric or neurological
disorders, and they had no history or current use of psychoactive
medication. All subjects gave written informed consent in accordance
with the Declaration of Helsinki. The protocol was approved by the local
ethics committee. The sample size was determined according to previous
studies using a similar research paradigms (see for instance, Manera
etal., 2011, 2013; von der Liihe et al., 2016; Bachmann et al., 2020). We
used the German version of the Emotional Competence Questionnaire
(Emotionale-Kompetenz- Fragebogen, EKF; Rindermann, 2009) to assess
the participant's score in four abilities. To control for the participant's
emotional state, we applied the State-Trait Anxiety Inventory (STAIL
Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983) and the Beck
Depression Inventory (BDI-II; Beck, Steer, & Brown, 1996). STAI-X1
scores ranged from 21 to 56 (M = 33.91, SD = 7.43); STAI-X2, from
20 to 70 (M = 38.39, SD = 11.10), with greater scores indicating greater
anxiety. BDI-II scores ranged from O to 48 (M = 8.40, SD = 8.30).
Although some of these participants showed clinically relevant scores (i.
e., a BDI-II total score above 13), this did not affect their emotion
recognition performance (see Appendix A, Fig. A.1).

2.2. Stimuli

Point-light displays of emotional interactions were taken from a
motion-capture data set created by Bachmann et al. (2020). In brief (for
full details see Bachmann et al., 2020), eight pairs of nonprofessional
actors were asked to portray the following four emotional states within
an interaction: happiness, sadness, anger, and affection. Each emotional
state was acted out in varying intensities in order to obtain a variety of
emotional expressions. Actors were asked to perform intuitively within
the context of the given situation, thereby allowing freedom and sub-
sequently variability in their expression. Moreover, both actors were
instructed specifically to act out the same emotion in order to produce a
congruent behavioral pattern. Interactions were recorded with an opti-
cal motion capture system (Vicon Motion Systems, Oxford, England).
Next, video files of 4-s sequences were created from the original coor-
dinate 3D (C3D) files using MATLAB software (MathWorks, Natick, MA).
The final stimuli consisted of two point-light figures, each consisting of
15 markers indicating the major joints of each actor (head, clavicle,
shoulders, elbows, wrists, hips, knee, and ankles). In the next step,
recognizability was tested within a pilot study. Eighteen independent
participants who were naive to the point-light sequences were asked to
evaluate the valence and the emotional category of the interactions. We
then excluded ambiguous scenes from the dataset.

From this dataset, we randomly selected 68 point-light interactions
(i.e., 17 scenes per emotion category: affection, anger, happiness,
sadness) to create the final stimulus set. Using MATLAB software
(MathWorks, Natick, MA), four different temporal conditions were
assembled per sequence. In the no offset condition (+-0 ms), the actions of
the actors were displayed in their original form. All other conditions



J. Bachmann et al.

contained temporal offsets between the actions of the agents. Within
these conditions, the onset of the actions of one randomly selected agent
was delayed by either 500 ms (+-500 ms), 1000 ms (+1000 ms), or 2000
ms (+2000 ms). Finally, all sequences were cut down from 4 to 2 s in
order to obtain overlapping actions (see Fig. 1A).

2.3. Apparatus and procedure

Stimuli were displayed on a 17.3-in. full HD screen (display resolu-
tion: 1920 x 1080; refresh rate 60 Hz) using MATLAB (MathWorks,
Natick, MA) software. Participants were seated at a viewing distance of
approximately 60 cm from the screen. The dots of the point-light se-
quences were light grey against a black background.

Prior to the experiment, participants were familiarized with the task
and subsequently performed a test run. In the test run, they categorized
four different emotional interactions. They were presented with eight
point-light interactions and subsequently had to judge (a) the valence of
the scene and (b) the emotional category that it displayed (i.e., sadness,
anger, happiness, or affection). All scenes were depicted in their original
temporal order—that is, with no temporal manipulation.

The actual experiment comprised a series of 272 sequences (4
emotion categories x 17 point-light sequences x 4 temporal offsets).
Each sequence was presented once, except for the no-offset condition
(+0 ms) that was presented twice in order to obtain an individual
baseline for each participant. This resulted in a total of 340 trials. Se-
quences were displayed in a pseudorandomized order to prevent the
same trial from being presented twice consecutively.

A forced-choice paradigm was employed: Each trial started with a
fixation phase (1 s), followed by a stimulus sequence (2 s) and two
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ratings (see Fig. 1B). In the first rating, participants were asked to judge
the subjectively perceived valence of the interaction on an 11-point scale
ranging from —5 (extremely negative) to 5 (extremely positive) with
0 (neutral) marking the center of the scale. Next, participants were asked
to assign an emotional category to the observed sequences (i.e., affec-
tion, anger, happiness, or sadness). They were instructed to make intu-
itive judgments; however, they were not restricted in their rating time.
In total, the experimental session took about 45 min per participant.

2.4. Data analysis and statistics

2.4.1. Recognizability of emotional interactions

In the first step of our analyses, we calculated a confusion matrix by
comparing the emotion category of baseline sequences (i.e., first pre-
sentation of each +0 ms interaction) with the category ratings from the
validation study. To ensure a sufficient degree of recognizability for the
stimuli, we tested the recognition rates of each emotional category
against chance (25%) using a Wilcoxon signed-ranks test. Following
Rosenthal (1994), we calculated effect sizes r as the Z statistic divided by
the square root of the sample size N, with N being the total number of
participants.

2.4.2. Influence of temporal decoupling on emotion recognition accuracy
In the next step, we explored the effect of different temporal offsets
on recognition performance. We used the emotion category rating of the
first presentation of each +0 ms sequence as an individual baseline
measure (in contrast to the previous analysis, in which validation data
were used as a baseline). This was done in order to prevent instances in
which an individual's + 0 ms rating is incorrect (not matching the

A) Emotional Interaction Temporal Offset
Agent ~gentl T e o Lo L] Agent |
+Oms [ 1 1 1 L L 1 [ ]Agentl
R Y Y Y A A N .
+ 500ms A Y N N O A
A Y Y Y A A A
+ 1000ms S N N N A A .
A Y Y Y N A N .
+2000ms N N N N A A

fixation phase (1s)
stimulus
presentation (2s)

valence rating

presented stimulus
sequence (2000ms)

How would you rate this

interaction? Which emotion did you see?

I 5 [

emotion category
rating

Fig. 1. Stimulus creation and experimental timeline. A) Point-light displays of emotional interactions were taken from a motion-capture data set created by Bachmann
et al. (2020). Next, temporal offsets (+0 ms, +500 ms, +1000 ms, +2000 ms) were implemented, and the duration of stimulus sequences was reduced to 2000 ms in
total. B) Temporal structure of one trial. Each trial started with a fixation phase (1 s) followed by the stimulus sequence (2 s). Subsequent to the stimulus presentation,
a valence as well as emotion category rating was employed with no maximum response time.
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validation) and the temporal offset leads to the individual identifying
the “correct” (matching the validation) emotion, as this would falsely
indicate that the individual's performance improved with increasing
temporal offset although he or she did not recognize the respective (+0
ms) emotion and thus decreased in recognition performance. On the
basis of this individual baseline, we calculated relative recognition ac-
curacies by comparing the category ratings of the remaining sequences
containing different temporal offsets (i.e., +0 ms, +500 ms, +1000 ms,
+2000 ms), to the respective baseline rating.

Due to a violation of the normal distribution assumption, we applied
a two-step relative rank transformation according to Templeton (2011)
to normalize our data. Finally, we calculated a 4 (emotion category:
affection, anger, happiness, sadness) x 4 (temporal offsets: +0 ms,
+500 ms, +1000 ms, +2000 ms) repeated measures ANOVA for the
dependent variable recognition performance.

In order to investigate whether changes in recognition performances
are also accompanied by changes in sensitivity and response biases, we
calculated sensitivity (d’) and criterion (c) values for each emotion
category and temporal offset. Sensitivity is a measure of the individual's
ability to discriminate whether the ‘signal’ (here, the respective
emotional category) is presented or not. Higher values of d' indicate
better discrimination ability, i.e. the emotional categories can be
distinguished from each other. Criterion values give information about
the proportion of correctly identified as well as falsely identified se-
quences, allowing for an identification of response biases, i.e. if one or
more category is chosen disproportionately more frequently than others.
Thus, for each of the sixteen conditions, we calculated the proportion of
hits (when the displayed emotion category was consistent with that
identified) and false alarms (when an emotion category was falsely
identified). This was done for each participant. Proportions of 0 were
replaced with 0.5/Ny,/,, and proportions of 1 were replaced with (Np/ -
0.5)/Np,a (in which Nj, is the number of baseline sequences that were
identified as a specific emotion category by a participant, and N, the
number of the remaining baseline sequences not identified as the
respective category: i.e., N, = 68 - Np). Finally, we calculated two
separate 4 (emotion category: affection, anger, happiness, sadness) x 4
(temporal offsets: +0 ms, +500 ms, +1000 ms, +2000 ms) repeated
measures ANOVA using d’ and c values.

2.4.3. Influence of temporal decoupling on valence judgment

Next, we explored the effect of different temporal offsets on subjec-
tive valence perception by calculating a 4 (emotion category: affection,
anger, happiness, sadness) x 4 (temporal offsets: +0 ms, +500 ms,
+1000 ms, +2000 ms) repeated measures ANOVA for the dependent
variable valence intensity. Here, we used absolute values to be able to
make inference about how intense a stimulus was perceived to be. Thus,
higher valence intensity can therefore be interpreted as more negative or
more positive, depending on the category. It is noteworthy that, on
average, all anger and sadness sequences were identified as negative
while all happiness and affection sequences were identified as positive
with respect to the validated data (see Appendix A, Fig. A.2).

2.4.4. Movement features and emotion recognition

In a last step, we performed exploratory analyses to elucidate how
specific quantitative movement features are potentially linked to the
recognition of the emotional sequences. First, we used the SAMI toolbox
(Similarity Analysis of Human Movements and Interactions, see Zabicki
& Keck, 2021) to calculate relevant movement features of the interac-
tion sequences. This enabled us to identify changes in interpersonal
movement parameters within the stimuli caused by the introduced
temporal offset. Specifically, we determined 12 parameters describing
the interaction of the observed two agents (see Table 1). These features
included, for instance, interpersonal distance (i.e., the average distance
between the two agents), personal space (i.e., the time each agent spent
in the personal space of the interactive partner), and so-called motion
energy balance (provides information about how much of the total
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Table 1
Summary of interaction-specific kinematic features calculated by the SAMI
Toolbox*.

Kinematic interaction Abbr. Short description
feature
Average of Interpersonal Spatial distance between both
. IPDavg
Distance agents. Calculated as the mean over
Variance in Interpersonal time, respectively the standard
. IPDvar L
Distance deviation.
Average of Interpersonal POav Time spent facing each other + time
Orientation & spent by one agent facing the other
and vice versa.
absolute value of the difference
Balance of Interpersonal . -
. . IPObal between orientation times of each
Orientation ..
agent divided by the sum of
orientation times; higher value
indicating greater balance level
Absolute correlation between
Correlation between Spatial spatial distance between the agents
. . P CorrDistVel P X 8
Distance and Velocity and mean velocity of whole-body
movements
Absolute correlation between
Correlation between Spatial . spatial distance between the agents
. . CorrDistAcc .
Distance and Acceleration and mean acceleration of whole-
body movements
Correlation between Spatial Absolute correlation between
Distance and Limb CorrDistLC spatial distance between the agents
Contraction and limb contraction
Absolute correlation between
Correlation between Spatial . spatial distance and the space taken
R . CorrDistLV . .
Distance and Limb Volume up by the three-dimensional total
body extension
- . Absolute correlation between the
Synchronization of Velocity SyncVel \ . X
agent's velocity profiles
Synchronization of Absolute correlation between the
. SyncAcc \ . X
Acceleration agent's acceleration profiles
Total amount of body movement
over time that can be ascribed to
each interactive partner
. Sum of averaged inter-frame
Motion Energy Balance MEB . . &
Euclidean displacements of each
marker of the agents, divided by the
total amount of body movement in
the scene; higher value indicating
greater balance level
Time spent in the personal space of
Personal Space PS D P P

the interactive partner

" For a detailed description of each kinematic feature and how they are
calculated, see Zabicki and Keck (2021).

amount of body movement over time can be ascribed to each interactive
partner). A perfectly balanced motion energy (equals a maximum value
of 1) would be characterized by two agents who each take up the same
amount of the total motion energy presented in the sequence.

Each feature was calculated for each interaction sequence (68 in
total) and for each temporal offset (+0 ms, +500 ms, +1000 ms, +2000
ms). Next, we conducted a one-way repeated measures ANOVA with
temporal offset as the within factor to find out whether the kinematic
parameters were altered significantly by the temporal offset. We did this
only for those emotion categories that showed diminished recognition
accuracies caused by the temporal offset, because our aim was to
elucidate whether decreased recognition accuracies could potentially be
explained by changes of movement features due to the implemented
temporal offset.

In case a kinematic parameter would prove to be modulated in an
analogous way as the corresponding subjective recognition accuracy, we
conducted further analyses to see whether the respective kinematic
parameters of a scene differ with respect to the recognition accuracy. We
operationalized this by sorting movement parameters on the basis of
whether the sequence was correctly assigned to its emotional category
(based on the individual baseline rating). This was done for each trial
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per participant, again only for the emotion categories of interest. In a
next step, we averaged movement features of both categories (correctly
vs. incorrectly identified) across trials for each participant. Finally, we
conducted a non-parametric Wilcoxon signed-rank test to test for a
significant difference between the respective categories. Effect size was
calculated by means of a matched-pairs rank biserial correlation.

2.4.5. General procedure

In case of violations of the normal distribution, we applied a two-step
relative rank transformation according to Templeton (2011) to
normalize our data when applying parametric tests. All recognition rates
are presented in percentages. The respective statistics rely on normal-
ized data. We report Huyn-Feldt- or Greenhouse-Geisser-corrected p
values in order to counteract observed violations of sphericity. More-
over, all post hoc pairwise comparisons were Bonferroni-corrected.

3. Results
3.1. Recognizability of emotional interactions

Overall, the emotion category ratings of the baseline interactions
were consistent with the categories identified within the validation
study, as displayed by the confusion matrix in Fig. 2A. In the next step,
we tested the recognition rates of each emotional category against
chance (25%) in order to ensure a sufficient degree of recognizibility.
The Wilcoxon signed-ranks test revealed that sequences of each
emotional category were classified significantly above chance level
(affection: Z = 5.78, p < .001, r = 0.87; anger: Z = 5.81,p < .001, r =
0.88; happiness Z =5.79, p < .001, r = 0.87; sadness: Z = 5.79, p < .001,
r = 0.87; see Fig. 2B). Anger sequences were categorized with the
highest accuracy, displaying a mean recognition performance of 88%.
The second most accurately categorized emotion was happiness at 76%.
This was followed by sadness with a mean recognition performance of
68%. Affection, however, showed a markedly lower recognition per-
formance of 58%, yet still within a fully satisfactory range, that is, above
the 25% chance level (see Fig. 2B).

3.2. Temporal decoupling and emotion recognition

In the following, the respective statistics rely on normalized data,
and all descriptive data are presented in actual values. Using a two-way
repeated measures ANOVA, we investigated whether the recognition of
emotional interactions was affected by temporal offsets. Results
revealed a main effect of temporal offset, F(3, 129) = 30.531, p < .001,
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recognition rates for the +0 ms condition were significantly higher than
for all other conditions (all p < .01). Recognition rates decreased linearly
from the +0 ms to the 42000 ms interaction sequences. However, there
was no significant difference between +1000 ms and + 2000 ms (see
Fig. 3A). Moreover, we found a main effect of emotion category, F(2.75,
118.12) = 7.75, p < .001, r]f, = 0.15. Post hoc analyses indicated that
affection scenes had significantly lower recognition rates than any of the
other emotions (all p < .001). Recognition rates for anger, happiness,
and sadness scenes did not differ from each other (all p > .05).

There was a significant interaction between temporal offset and
emotion category, F(9, 387) = 3.79, p < .001, ’h% = 0.04. Considering
each emotion category separately, we found that only the recognition of
affection and anger sequences was affected by the temporal offset. More
specifically, results showed that for affection scenes, the recognition
rates between +0 ms and + 500 ms did not differ significantly (p = .08).
However, recognition rates for +0 ms sequences were significantly
higher compared to +1000 ms and + 2000 ms interactions (all p < .001).
With respect to anger scenes, recognition rates decreased linearly from
the 40 ms to the +2000 ms interaction sequences. Post hoc analyses
showed no differences between the temporal offset conditions for
happiness and sadness interactions (all p > .05) (see Fig. 3B).

To further explore the interaction effects of temporal offset and
emotion category on recognition performances, we conducted a sensi-
tivity (d") and criterion (c¢) analysis. Thus, we investigated how intro-
ducing a temporal offset relates to the participants' discrimination
abilities and response biases. For d’, we found a main effect of temporal
offset, F(3, 129) = 37.21; p < .001, ng = 0.46, decreasing linearly from
the +0 ms to the +2000 ms temporal offset condition (all p < .05) (see
Fig. 4A). Moreover, we found a main effect of emotion category, F(2.75,
118.12) =7.75,p < .001, 715 = 0.15, indicating significantly lower values
for happiness sequences compared to anger (Mgr = 0.21, p < .01, 95%
CI [0.04, 0.39]) and sadness (Mg;fr = 0.28, p < .001, 95% CI [0.11, 0.46])
sequences. Finally, we found a significant interaction between temporal
offset and emotion category, F(8.19, 352.01) = 2.12, p < .05, '7;% =0.05.
Post hoc tests showed that for affection sequences, d’ values did not
differ significantly between +0 ms and + 500 ms. However, the +0 ms
differed significantly from the +1000 ms and + 2000 ms sequences (all
p < .05). For anger scenes, we found that d’ values were significantly
higher for the +0 ms sequences than for all other sequences (all p <
.001). Moreover, d’ values for the +500 ms as well as the +1000 ms
sequences differed significantly from d’ values for the +2000 ms se-
quences (all p < .001). For happiness sequences, post hoc analysis
indicated that d’ values were significantly higher for the +0 ms se-
quences than for all other sequences (all p < .05). Moreover, d’ values for

,73 = 0.42. Bonferroni-corrected post hoc analyses showed that the +500 ms sequences were significantly higher as compared to +1000
A) B)
rated emotion of baseline trials rated emotion of baseline trials
affection anger happiness sadness affection anger  happiness  sadness sum
5 §[ 433 | 46 | 180 | 80 | 748
8 £| 57.89% | 6.15% | 25.27% | 10.70% | 100.00%
e X
&
c csl 3 660 | 48 37 | 748 °
o) oz 2
=1} = ©| 0.40% 88.24% 6.42% 4.95% 100.00% ©
o 2 ) =
S £ g s
o ~ o8 30 | 132|572 | 14 | 748 S
o [ T & o o 5 o o c
O 2 D g 4.01% 17.65% | 76.47% 1.87% 100.00% o))
5 5 3
= =& 42 | 105 | 93 | 508 | 748 o
> > E 5.61% 14.04% 12.43% | 67.91% [ 100.00%
9
2
2 g| 508 943 902 639
3 ?| 67.91% | 126.07% | 120.59% | 85.43% . .
affection anger happiness sadness

Fig. 2. Confusion matrix and recognition rates. A) Confusion matrix displaying number and percentage of participants' baseline emotion category ratings compared
with the validated emotion category rating. B) Emotion recognition rates of baseline interactions for all emotion categories (i.e., affection, anger, happiness, sadness).

Bars (and their standard errors) show average emotion recognition rate in %. Significance level is indicated by asterisks (***p < .001). Dashed line represents

threshold of chance recognition (25%).
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temporal offset

[ +0 ms
+500 ms

[ | +1000 ms

[ 1+2000 ms

S S S S
O 00T 000 5000

affection

anger happiness sadness

Fig. 3. Influence of temporal offset on recognition performance. Emotion recognition accuracies (in %) for A) all four temporal offsets (+0 ms, +500 ms, +1000 ms,
-+2000 ms) and then B) additionally separated by emotion category (affection, anger, happiness, sadness). Violin plots display the distribution of individual per-
formances (single, colored dots). Each violin plot contains information about the median (i.e., white dot), the 25th and 75th percentiles (i.e., bold vertical line), and
the mean (i.e., horizontal line). Horizontal lines between variables indicate significance of difference between temporal offsets. Significance level is indicated by

asterisks (*p < .05; **p < .01; ***p < .001).
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Fig. 4. Influence of temporal offset on sensitivity (d’) and response bias (c) A) + C) for all four temporal offsets (+0 ms, +500 ms, +1000 ms, +2000 ms) and B) + D)
additionally separated by emotion category (affection, anger, happiness, sadness). Bars (and their standard errors) show average d’ as well as c values. Horizontal
lines indicate significant differences between temporal offsets. Significance level is indicated by asterisks (*p < .05; **p < .01; ***p < .001).

ms and + 2000 ms sequences (all p < .05). Finally, post hoc tests indi-
cated that for sadness trials, d’ values were significantly higher for 40
ms sequences as compared to +1000 ms and + 2000 ms sequences (all p
< .05) but not for +500 ms sequences (p = .62) (see Fig. 4B).

With regard to criterion values, we found a main effect of temporal
offset (F(3, 129) = 10.99, p < .001, rlg = 0.20), increasing linearly from
the +500 ms to the 42000 ms temporal offset condition (all p < .05) (see
Fig. 4C). Moreover, we found a main effect of emotion category, F(3,

129) = 41.79, p < .001, 113 = 0.49, indicating significantly higher values
for affection sequences compared to all other categories (anger: My =
0.38, p < .001, 95% CI [0.28, 0.48]; happiness: My = 0.44, p < .001,
95% CI [0.31, 0.57]; sadness: Mgz = 0.29, p < .001, 95% CI [0.18,
0.39]) as well as significantly higher values for sadness sequences as
compared to happiness (Mg = 0.15, p < .05, 95% CI [0.01, 0.29]).

A significant interaction was found between temporal offset and
emotion category (F(6.72, 288.75) = 5.16,p < .001, 115 =0.11). Post hoc
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tests showed that for affection, criterion values indicate that +0 ms
differed significantly from the +1000 ms and + 2000 ms sequences (all
p < .05), indicating that both, the false alarm rate and the hit rate,
decrease with increasing temporal offset. For anger, we found that values
were significantly higher for +2000 ms sequences as compared to all
others (all p < .05). Finally we found that for happiness, criterion values

valence intensity (absolute values)
o oo o w o
’
’
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for +0 ms sequences were significantly higher as compared to +2000
ms. In contrast to affection scenes, the decrease of the criterion values
for happiness indicates that both the hit as well as the false alarm rate
increase.
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Fig. 5. Influence of temporal offset on subjective valence perception. Absolute valence rating for A) all four temporal offsets (+0 ms, +500 ms, +1000 ms, +2000 ms);
and B) all four emotion categories (affection, anger, happiness, sadness); and C) per emotion category separated by temporal offset. Note: Values for affection and
happiness indicate positive valence intensity while values for anger and sadness indicate negative valence intensity (see Appendix A, Fig. A.2). Violin plots display the
distribution of individual performances (single, colored dots). Each violin plot contains information about the median (i.e., white dot), the 25th and 75th percentiles
(i.e., bold vertical line), and the mean (i.e., horizontal line). Horizontal lines between variables indicate significance of difference between temporal offsets. Sig-

nificance level is indicated by asterisks (*p < .05; **p < .01; ***p < .001).
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3.3. Temporal decoupling and the perception of valence intensity

We further investigated whether the perception of valence intensity
(i.e. absolute valence) was affected by temporal offsets using a two-way
repeated measures ANOVA. Again, our results revealed a main effect of
temporal offset, F(2.47,106.41) = 6.78, p < .001, 175 = 0.14. Bonferroni-
corrected post hoc analyses showed that valence intensity ratings did not
differ between the 40 ms and + 500 ms condition (Mg = 0.03, p = 1).
However, valence ratings in the +0 ms condition were judged to be more
intense (i.e., absolute valence) compared to the +1000 ms (Mg = 0.09,
p < .01, 95% CI [0.02, 0.16]) and + 2000 ms (Mg = 0.08, p < .05, 95%
CI [0.01, 0.15]) conditions. Moreover, valence ratings within +500 ms
sequences were judged to be significantly more intense than +1000 ms
sequences (Mg = 0.06, p < .01, 95% CI [0.02, 0.10]) (see Fig. 5A).

Additionally, we found a main effect of emotion category, F(3, 129)
=36.81,p <.001, qg = 0.46. Post hoc analyses indicated that happiness
received the significantly highest valence intensity ratings of all emotion
categories (all p < .001). In contrast, sadness received the lowest valence
intensity ratings of all categories (all p < .001; see Fig. 5B). Finally, we
found an interaction between temporal offset and emotion category, F(9,
387) = 2.02, p < .05, 1113 = 0.05. Post hoc analyses showed that for
affection, valence intensity ratings were significantly higher for +0 ms
sequences compared to +2000 ms sequences (Mg = 0.19, p < .05, 95%
CI [0.01, 0.36]). With respect to anger sequences, we found significantly
greater intensity ratings for +0 ms sequences compared to +1000 ms
sequences (Mg = 0.16, p < .01, 95% CI [0.05, 0.27]) (see Fig. 5C).

3.4. Associations between movement features and emotion recognition

Results showed that the temporal decoupling led to a decrease in
recognition performance exclusively for affection and anger sequences.
Therefore, we explored whether movement patterns of affection and
anger sequences were also affected systematically by the temporal
offset. With respect to affection sequences, repeated measures ANOVA
revealed a significant effect for the parameter motion energy balance. For
anger sequences, in contrast, we found effects for the parameters average
interpersonal distance and personal space (for an overview of all results,
see Appendix A, Fig. A.3 and Table A.4).

3.4.1. Motion energy balance

In affection sequences, we found a significant main effect for motion
energy balance, F(1.64, 26.17) = 4.832, p < .05, 111% = 0.23, indicating
that this was significantly impacted by the temporal offset. Bonferroni-
corrected post hoc tests showed a trend towards a decline in motion
energy balance for an increased temporal offset, yet failed to attain the
significance level of p < .05 (post hoc comparison of +0 ms sequences
with +2000 ms sequences resulted in: Mgy = 0.11, p = .074, 95% CI
[—0.008, 0.232], see Fig. 6A).

A Wilcoxon signed-rank test revealed that with respect to motion
energy balance, there is a significant difference between incorrectly and
correctly identified sequences (Z = 3.26, p < .01, r = 0.56, see Fig. 6D).
More specifically, MEB values were greater for correctly identified trials
(M = 0.84, SEM = 0.004) as compared to incorrectly identified se-
quences (M = 0.81, SEM = 0.006).

3.4.2. Average interpersonal distance

For anger sequences, we found effects for average interpersonal
distance and personal space. With respect to average interpersonal dis-
tance, there was a main effect of temporal offset, F(3, 48) = 4.168, p <
.05, ’71? = 0.21. Bonferroni-corrected post hoc tests indicated signifi-
cantly greater distances for a temporal offset of +1000 ms compared to a
temporal offset of +2000 ms (Mg = 105.64, p < .05, 95% CI [7.36,
203.93] (see Fig. 6B).

3.4.3. Personal space
We also found a main effect of temporal offset for personal space in
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Fig. 6. Differences in kinematic parameters. A, B, C: Kinematic differences be-
tween temporal offsets (+0 ms, +500 ms, +1000 ms, +2000 ms) for A) motion
energy balance (MEB) in affection sequences, B) average interpersonal distance
(IPDavg) in anger sequences, and B) personal space (PS) in anger sequences.
Violin plots display the distribution of all sequences (single, colored dots
represent individual interaction sequences). D: Kinematic differences between
correctly and incorrectly identified sequences for motion energy balance in
affection sequences. Violin plots display the distribution of mean motion energy
balance values (single, colored dots represent average values for each subject).
Each violin plot contains information about the median (i.e., white dot), the
25th and 75th percentiles (i.e., bold vertical line), and the mean (i.e., horizontal
line). Horizontal lines between variables indicate significance of difference
between categories. Significance level is indicated by asterisks (*p < .05, *p
<.01).

anger sequences, F(1.95, 31.12) = 3.81, p < .05, ;13 = 0.19. Bonferroni-
corrected post hoc tests indicated significantly less time spent in the
personal space of the other agent for a temporal offset of +1000 ms
compared to a temporal offset of +-2000 ms (Mg = —13.03, p < .05,
95% CI [-25.63, —0.43], see Fig. 6C).
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4. Discussion

Human sensitivity to emotional body language has been documented
in a broad body of literature (for a review, see de Gelder, 2006) that
emphasizes our ability to quickly retrieve the state of a person even if
observation is based on highly reduced stimuli. We are able to make a
number of inferences that lead to attributions of emotional states and
intentions, trigger predictions of others' behaviors, and motivate corre-
sponding adjustments of our own behavior. Especially physical prop-
erties of the observed movements such as spatiotemporal coupling of
actions seem to be a critical source of information for such inferences
(see, e.g., Dael, Goudbeek, & Scherer, 2013).

In the present study, we showed that recognition of emotions from
dyadic interactions does, indeed, depend on a fixed spatiotemporal
coupling of the actions: Temporal decoupling of one of the agent's ac-
tions within an emotional interaction leads to a decrease in recognition
performance. However, this is true exclusively for affection and anger
sequences. Recognition of happiness and sadness sequences is not
impacted significantly by a temporal decoupling. Furthermore, we
found that the perception of valence intensity is also affected in an
emotion-specific manner: Affection and anger scenes are perceived as
being less intense when the sequences are displayed with a temporal
offset. However, there is no change in subjective perception of valence
intensity when happiness or sadness sequences are displayed with a
temporal offset. These results demonstrate that the temporal decoupling
of an agent's actions within an emotional interaction alters the percep-
tion of emotional intensity in an observed scene, and—depending on the
displayed emotion—this leads to a decrease in emotion recognition
performance.

Using sensitivity measures, we further found that with increasing
temporal offset, discrimination abilities worsen. This can either be due
to a reduction of ‘hits’, i.e. the respective emotion is not correctly
identified or an increase of ‘false alarms’, i.e. an emotion category is
falsely identified. Criterion values showed that with increasing temporal
offset, affection and anger scenes were less likely to be chosen (decrease
of hits), while happiness was more likely to be chosen with increasing
temporal offset (increase in false alarm). Thus, the tendency to identify a
sequence as happiness increases when movements are less tightly
coupled.

In a last step, we explored how the administered temporal offset
leads to changes to specific movement features that might explain
changes in the subjective impression and recognition of the observed
emotional interactions. For affection sequences, we found that motion
energy balance between the observed agents decreases linearly with
increasing temporal offset. This corresponds directly to the recognition
performances. Furthermore, we found that motion energy balance is
significantly greater for correctly compared to incorrectly identified
sequences. With respect to anger sequences, we found changes in the
average interpersonal distance and personal space—albeit not corre-
sponding to the recognition performances. In the following, we shall
discuss the main findings in detail.

4.1. Temporal coupling and emotion recognition

Within dyadic interactions, it is necessary to be able to adjust one's
actions to those of another person. This involves choosing an appro-
priate complementary action at an appropriate time, and it requires the
ability to predict what others will do next—that is, when and how their
actions will unfold (Sebanz & Knoblich, 2009). Even if we are not part of
the social interaction ourselves, we seem to possess implicit knowledge
about the natural dynamics of the observed human interaction (von der
Liihe et al., 2016). Studies on visual discrimination have shown that,
with respect to interactive activities, the actions of one agent can be used
to predict what the second agent will do (Manera et al., 2011, 2013; Neri
et al.,, 2006; von der Liihe et al., 2016). Manera et al. (2013), for
instance, demonstrated that manipulating the timing of the actions of
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two agents had a detrimental effect on visual discrimination perfor-
mance only within a communicative condition—that is, a condition in
which the gestures performed by one agent were related to those per-
formed by the other agent. In an individual condition in which the ac-
tions of the two agents were not related, no effect of timing
manipulation was found.

The present findings show that a temporal decoupling of emotional
interactions between two agents affects the recognition of the emotional
content. More specifically, recognition performances decline linearly
with increasing temporal offset. Interestingly, this effect is emotion-
specific as the decline of recognition performances is observed only
for temporally decoupled affection and anger sequences. Recognition of
happiness and sadness is not affected by temporal decoupling. This
suggests that some emotions might have a stronger interpersonal and
communicative character than others and depend more on reciprocal
actions between the agents, whereas others may be acted out more on an
individual level.

Indeed, this idea seems to be underpinned by different studies.
Clarke et al. (2005), for instance, found that romantic love and joy are
recognized more reliably when they are depicted within an interaction
(i.e., dyad) instead of individually (i.e., monad). The authors argued that
this may be because these emotions are particularly socially expressive
and have a stronger interpersonal character. We, however, did not
observe a decrease in recognition performance for happiness sequences.
Here, one has to take the methodological differences of both studies into
account. Clarke et al. (2005) presented monads (i.e. single agents) taken
from the dyadic interactions. In our case, both agents were depicted, but
with different temporal offsets. Thus, in the present study, movement
information of a second agent was continuously available to the
observer, perhaps impacting recognition performances beneficially.

Another approach by Abramson, Petranker, Marom, and Aviezer
(2021) suggests that some emotions can be recognized more easily if the
social context is congruent, i.e. both agents display the same emotions,
while other emotions are recognized through functional-relational con-
texts. One example for this is the functional-relational context between
fear and anger. Abramson et al. (2021) showed that fear recognition is
facilitated by an interacting angry agent more strongly than by a fearful
agent. Although both agents were specifically instructed to display the
same emotion in our study, especially anger may inherently contain
more complementary, or functional-relational actions. Hence, temporally
decoupling the actions may not allow the perceiver to ‘match’ the
respective actions leading to the reduced recognition.

In affection scenes, movements are rather similar and less comple-
mentary. For instance, if one agent offers a hug, the second agent is
likely expected to reciprocate the hug within a certain time frame.
However, if the hug is not returned, it may create ambiguity and a
weakened perception of connection between the agents. Studies showed
that interactional synchrony (i.e. movements matched in time) is asso-
ciated with affiliation and romantic attraction between people (Hove &
Risen, 2009; Prochazkova, Sjak-Shie, Behrens, Lindh, & Kret, 2022). In
this regard, Hove and Risen (2009) suggested that a third person
observer will infer closeness between two individuals when noticing
interactional synchrony. In our case, temporal decoupling may lead to a
reduction of interactional synchrony within affection sequences,
resulting in a decrease of recognition performances.

Our criterion analyses revealed that while anger and affection were
less frequently identified with increasing temporal offset, the tendency
to identify the respective trial as happiness increased. Although specu-
lative, this underpins the idea that happiness recognition, as compared
to affection and anger, is less dependent on a strong coupling of the
agent's actions.

However, it should be noted that by introducing a temporal offset,
we do not only decouple but also remove certain movements. Thus, it is
likely that our results cannot solely be attributed to a lack of spatio-
temporal contingency. If a certain emotion, anger for instance, is indeed
dependent on a functional-relational context, and a complementary
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movement is not only presented at the wrong time but not presented at
all (i.e. action contingency is fully removed), this might worsen the
recognition ability even more strongly.

4.2. The role of interindividual movement parameters

The assumption that certain emotions may have a stronger inter-
personal character is seemingly supported by our exploratory kinematic
analyses. One has to bear in mind, however, that these analyses were
conducted post-hoc and cannot establish a causal link between move-
ment characteristics and participant judgments. Yet, we found that
motion energy balance seems to play a role in the recognition of affection.
Motion energy balance is a parameter that provides information about
how much of the total amount of body movement within one sequence
can be ascribed to each interactive partner. With respect to the temporal
offset that was introduced, we found a linear decrease in motion energy
balance with increasing temporal offset that corresponds directly to the
linear decrease in recognition accuracy. Moreover, we found that mo-
tion energy balance is significantly greater in correctly identified trials
as compared to incorrectly identified trials. This means that for correctly
identified sequences, the total amount of body movement was more
balanced between the agents as compared to incorrectly identified
sequences.

Although these analyses do not allow a causal conclusion, we spec-
ulate that recognition accuracy of affection may be facilitated by highly
balanced motion energy between the agents. In this vein, Keck, Zabicki,
Bachmann, Munzert, and Kriiger (2022) revealed that balance within
emotional interactions seems to be an important property for the
observer to generate an emotional percept. For example, they found that
especially motion energy balance between two agents allows for a
perceptual distinction between positive and negative valence in
observed interactions. Hence, social context information such as motion
energy balance is particularly important for inferring the emotional
content, especially when the depicted emotions depend on reciprocal
actions (T. J. Clarke et al., 2005; Kret & de Gelder, 2010).

With respect to interpersonal movement parameters and anger
recognition, we were unable to identify changes in movement parame-
ters that correspond directly to the behavioral ratings. Although we
observed an effect for the average interpersonal distance and the per-
sonal space shared by the agents, these effects do not give reason to
assume that they drive the behavioral effects caused by the temporal
offset as they do not correspond to the participant ratings.

4.3. Temporal coupling and the subjective perception of valence intensity

So far, recognition performance for emotional stimuli has been
investigated only with respect to the influence of a temporal decoupling
between two interacting agents. However, we were also interested in a
more subjective dimension of emotion perception: the perceived
emotional valence intensity. Therefore, we explored how temporal
coupling is linked to how negatively or positively a scene is perceived.

We found that perception of valence intensity is dependent on a
temporal coupling between the actions of two agents. Although there
was no overall difference between the original timing and a delay of
+500 ms, the present data reveal that the sequences are perceived as
more intense in terms of valence when they are presented in their original
form as compared to a delay of +1000 and + 2000 ms. This effect, again,
is emotion-specific. Whereas valence intensity judgments for sadness
and happiness do not differ regardless of the temporal offset, anger and
affection trials receive higher valence intensity ratings (i.e., more
negative for anger and more positive for affection) and are perceived as
more intense in the original timing set.

To the best of our knowledge, the link between temporal coupling
and valence perception of emotional body movements has not been
investigated so far. Here, we show for the first time that the perception
of valence intensity depends on (inter-)actions that occur in a time-
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locked manner—albeit this is not equally true for all emotion cate-
gories. Specifically, affection and anger scenes are perceived as more
intense when the actions of both agents occur in a temporally and
spatially meaningful pattern. In contrast, no effect of timing manipula-
tion is observed when happiness and sadness sequences are displayed.
This further supports the notion of the relevance of contextual
information.

Taking these results together, time-locked contextual social infor-
mation seems to enhance the perceived intensity of emotional body
language and, thereby, might also facilitate emotion recognition.

4.4. Temporal coupling, movement contingency, and action prediction

In light of the current results, the question arises why spatiotemporal
coupling plays such a fundamental role in the perception of certain
emotional interactions. Evidence suggests that the contingency of
movement patterns — that is, the temporal and spatial relatedness of
movements — facilitates the perception of “meaning” in a visual stimulus
(Castelli, Happé, Frith, & Frith, 2000; Gobbini, Koralek, Bryan, Mont-
gomery, & Haxby, 2007). Consequently, the term “social contingency”
has been used to describe the relatedness of the complex, coordinated
actions within dyadic interactions that result in a meaningful movement
pattern (Moran, Dumas, & Symons, 1992). Hence, motion congruency
might serve as a fundamental factor in both detecting and understanding
complex actions in human interaction. Dissolving these movement
contingencies by delaying or removing the actions of one of the agents,
in contrast, results in changes of interaction-specific movement pa-
rameters, decreased emotion recognition performance, and also a
diminished perception of emotional intensity. This suggests that these
(spatiotemporal) action contingencies are critical to the perception of
emotional dyadic interactions.

4.5. What mechanisms do humans utilize to understand affective states
when they are observing complex human interactions?

Findings regarding action simulation processes suggest that the
observation of actions is a predictive activity (Flanagan & Johansson,
2003; Graf et al., 2007; Verfaillie & Daems, 2002). When we observe
someone's current actions, we automatically anticipate and predict their
future ones. In a series of behavioral experiments, Graf et al. (2007)
demonstrated that we seem to make real-time predictions about how
actions will unfold. Besides predicting how an action will unfold, it has
been suggested that we also predict when it will unfold. More precisely,
we are able to accurately apply temporal predictions generated in our
own motor system to observed actions (Sato, 2008; Wilson & Knoblich,
2005).

For the observation of social interactions, it has been demonstrated
that the movements of one agent are used to predict how and when the
second agent will respond - provided that the actions of the two agents
are related in time (Manera et al., 2013). Thus, it seems plausible that a
temporal decoupling will cause a decrease in emotion recognition as
well as a diminished perceived intensity of the emotion due to a viola-
tion of predicted interaction consequences — however, only under the
condition that the interactive movements are functionally related or
have a communicative function.

On a neurophysiological level, it is suggested that action prediction
within dyadic interactions is rooted in activation of the so-called action
observation network (AON; Georgescu et al., 2014). The AON is believed
to integrate observed actions of others with an individual's personal
motor repertoire, thereby making sense of an action (for a meta-
analytical overview, see Caspers, Zilles, Laird, & Eickhoff, 2010). Geor-
gescu et al. (2014) found that the AON is preferentially engaged by
contingency within movement patterns when interacting dyads are
displayed instead of individually acting monads. The authors argued
that the complexity of action representation is determined not merely by
the communicative nature of the observed behavior but, indeed, by the
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relational context in which such behavior is performed. Thus, the AON
could be considered to be an early key processing component that
supports and contributes to the understanding of nonverbal social
interaction; and an automatic movement analysis might be performed to
adequately understand an observed agent's social intentions (Gallese,
2006; Gallese & Goldman, 1998; Jacob & Jeannerod, 2005).

5. Conclusion

The present findings extend previous evidence on the perception of
emotional body language in social interactions by emphasizing the
fundamental role of the spatiotemporal coupling of movements within
emotional interactions. We show that a valid spatiotemporal coupling
between actions is especially necessary for the recognition of anger and
affection, but not for happiness or sadness. Moreover, the same effect
becomes visible for the perception of the valence intensity of a sequence
— however, especially for anger and affection sequences. Hence, our
findings suggest that the recognition of emotions seems to operate
through functional relations between two agents that are specific to the
emotion that is displayed.

6. Limitations and future implications

With regard to limitations and future implications, two aspects
should be highlighted. As already mentioned, one possible limitation in
the interpretation of our data might result from the fact that the intro-
duced temporal offsets do not only lead to a stepwise temporal decou-
pling of (inter-)actions, but also lead to a change in (kinematic)
information that is provided. Thus, the temporal decoupling is also
accompanied by a change in action contingencies between the two
agents. In case of affection, for instance, the reduced recognition per-
formance as well as the reduced perceived valence intensity might,
therefore, be driven by the fact that if one agent initiates a hug, the other
agent reciprocates the hug at an inappropriate time or does not recip-
rocate it at all. This means that a hug or a threatening fist-raise is missing
its corresponding response, rather than just being temporally mis-
aligned. This makes it difficult to draw the final conclusion that the
present results are solely the result of disrupted temporal contingencies.
For future studies, it would therefore be important to introduce either
longer sequences or, shorter delays that still preserve most of the orig-
inal scene information. That way, one would not only be able to identify
critical point in time at which a certain delay worsens the recognition of
an emotion but also ensure that no action contingency is lost completely.

The second aspect relates to the post-hoc analysis of quantitative
movement features. This analysis was done in order to gain a deeper
understanding of the observed behavioral effects by evaluating objective
movement properties of our stimuli. However, due to the present
experimental design, we were unable to conduct analyses that allow for
an identification of a direct link between participant judgments and
kinematic parameters. Thus, we cannot draw causal conclusions about
the changes in recognition accuracy and the changes in certain kine-
matic properties of the stimulus. Future studies should make use of
prediction models that allow for an identification of all relevant kine-
matic parameters that drive the perception of the participant. In this
regard, one should not only investigate interpersonal parameters but
also intrapersonal parameters to explain why certain emotions may not
be affected by a loss of (temporal) action contingency.

Data and code availability statement

The stimulus set, experimental data, and code to reproduce the re-
sults presented here are openly available in OSF at https://doi.org/10
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cei). The SAMI toolbox is archived in Zenodo (Zabicki & Keck, 2021)
as well as openly available on Github (https://github.com/azab
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Abstract

This study compared how two virtual display conditions of human body expressions influenced explicit and implicit dimen-
sions of emotion perception and response behavior in women and men. Two avatars displayed emotional interactions (angry,
sad, affectionate, happy) in a “pictorial” condition depicting the emotional interactive partners on a screen within a virtual
environment and a “visual” condition allowing participants to share space with the avatars, thereby enhancing co-presence and
agency. Subsequently to stimulus presentation, explicit valence perception and response tendency (i.e. the explicit tendency
to avoid or approach the situation) were assessed on rating scales. Implicit responses, i.e. postural and autonomic responses
towards the observed interactions were measured by means of postural displacement and changes in skin conductance.
Results showed that self-reported presence differed between pictorial and visual conditions, however, it was not correlated
with skin conductance responses. Valence perception was only marginally influenced by the virtual condition and not at all
by explicit response behavior. There were gender-mediated effects on postural response tendencies as well as gender dif-
ferences in explicit response behavior but not in valence perception. Exploratory analyses revealed a link between valence
perception and preferred behavioral response in women but not in men. We conclude that the display condition seems to
influence automatic motivational tendencies but not higher level cognitive evaluations. Moreover, intragroup differences in
explicit and implicit response behavior highlight the importance of individual factors beyond gender.

Keywords Emotion perception - Co-presence - Implicit response behavior - Explicit response behavior - Gender differences

Introduction

Recognizing human body expressions is vital for respond-
ing appropriately to social cues. Bodily expressions do not
just convey a person’s affective states, they also inform
about action demands. For instance, a fearful face tells how
someone is feeling, but it does not necessarily indicate how
to respond. However, if a person reacts fearfully with their
whole body by, for instance, drawing away from a potential
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threat, one can prepare for a concrete action. Evolutionary
psychology considers emotions to be action dispositions that
humans possess to navigate in the world (Bradley et al. 2001;
de Gelder 2006; de Gelder et al. 2015; LeDoux 1996). Dif-
ferent tools have been used to study the perception of emo-
tional body language. Some of the most common include
video displays, stick figures, and point-light displays—that
is, displays depicting biological motion by the kinematics of
light points located on an actor’s joints (see, e.g., Atkinson
et al. 2004; Kaletsch et al. 2014a, b; Kriiger et al. 2018;
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Lorey et al. 2012). There is evidence that humans are able to
quickly identify a person’s affective state even from highly
impoverished stimulus material, thus demonstrating the
importance of top-down knowledge in enabling people to
quickly make sense of what they are seeing.

This process of recognizing emotions is thought to be
followed by a motivation to respond to them that generates
so-called avoid-approach behavior (Bradley et al. 2001;
Stins et al. 2011). This is based on the idea that positively
valenced stimuli elicit approach tendencies, whereas nega-
tive stimuli elicit avoidance tendencies (e.g., Chen and
Bargh 1999; Seidel et al. 2010b). These basal motivational
tendencies can be separated into implicit and explicit stages.
From an evolutionary perspective, implicit response tenden-
cies are characterized by an automatic evaluation of incom-
ing stimuli without conscious effort to quickly generate
behavioral responses (Elliot and Covington 2001). Explicit
response tendencies, in contrast, may represent more com-
plex cognitive evaluations of a stimulus that occur at a later
stage, and may potentially be affected more by social learn-
ing and reinforcement. Implicit response tendencies can,
for instance, be operationalized via postural displacement.
For example, Stins and Beek (2007) observed an increase in
anterior center of pressure (COP) displacement in response
to unpleasant images. Other researchers, in contrast, found a
decrease in body sway during the presentation of unpleasant
pictures. They interpreted this as freezing behavior, high-
lighting that the defensive system presents two basal dispo-
sitions: freezing or action (Azevedo et al. 2005; Facchinetti
et al. 2000).

Many of these paradigms, however, are based on static or
dynamic picture and video displays. Such “pictorial designs”
separate observers physically through a screen without them
being able to experience another’s presence—something
that may be crucial for social cognition. Virtual environ-
ments offer promising tools with which to create vivid and
realistic perceptual experiences by allowing for a sense of
presence within virtual space (Seidel et al. 2010b; Slater
2009). Creating a sense of presence depends on valid sen-
sorimotor contingencies between own body movements and
the resulting changes in visual input. These sensorimotor
contingencies are then thought to create the embodiment
in space or “place illusion” (Slater 2009). Then, one is in
“presence mode” compared to “picture mode” (Troje 2019).
If the space in which one is embodied is also shared by other
(virtual) agents, it is called “co-presence.” When in presence
mode, the visual system seems to be in a similar state to
when it is when interacting with the real world. This leads
to an activation of the perceptual, vestibular, proprioceptive,
and autonomic nervous systems in ways similar to those in a
real-life situation (Slater 2003, 2009; Troje 2019).

Whereas the experimental setting may influence how
we perceive emotions and how we respond to them, a

@ Springer

considerable amount of research has demonstrated that emo-
tion perception and response behavior can also be modulated
by characteristics of the individual such as gender (Alaerts
et al. 2011; Bradley et al. 2001; Hillman et al. 2004; Hoff-
mann et al. 2010). Although evidence is highly heterogene-
ous, studies suggest that women recognize emotions better
than men (Alaerts et al. 2011; Hoffmann et al. 2010; Thayer
and Johnsen 2000). More specifically, it has been shown
that women detect emotions both more quickly and more
accurately from facial or bodily expressions (Alaerts et al.
2011; Hampson et al. 2006). However, differences in clas-
sification accuracy between males and females have been
found only during the display of subtle emotional expres-
sions (Hoffmann et al. 2010; Montagne et al. 2005). Gen-
der has also been shown to mediate response tendencies.
Although the effect on explicit behavioral tendencies has
largely been neglected, implicit paradigms have shown that
women exhibit increased backward movement, as measured
by COP displacement, in response to unpleasant stimuli as
well as greater defensive reactivity to aversive pictures, as
measured by a deceleration in heart rate. Men, in contrast,
exhibit increased anterior movement in response to unpleas-
ant stimuli and less defensive reactivity (Bradley et al. 2001;
Hillman et al. 2004).

In this vein, it is important to implement more ecologi-
cally valid paradigms that investigate such phenomena reli-
ably. So far, there have been no systematic investigations
of whether emotion perception and response behavior are,
indeed, modified depending on whether stimuli are pre-
sented in the “pictorial” space of screens or in a “visual”
space shared with other agents that achieves a feeling of co-
presence. A virtual reality (VR) paradigm presents a suitable
method to investigate emotion perception, perceived emo-
tional intensity, and the associated action tendencies under
different conditions (Seidel et al. 2010b; Visch et al. 2010).

The research aim

The present study follows two central goals: by taking a
multisystem approach, it aims to shed light on how differ-
ent virtual environments affect the perception of emotional
interactions (i.e., anger, sadness, affection, happiness) and
trigger action tendencies in response to emotional interac-
tions. More specifically, we tested whether co-presence mod-
ulates perception and associated response behavior toward
emotional body language by creating two display conditions
within a virtual reality: a pictorial display condition that
simulates a conventional experiment conducted on a com-
puter monitor and a visual display condition containing valid
sensorimotor contingencies that enhance the participant’s
sense of co-presence and agency (for the conceptual distinc-
tion between pictorial and visual spaces, see Koenderink
and van Doorn 2012; Troje 2019). We then compared the
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explicit rating of emotional valence as well as the explicit
and implicit tendency to act in the two display conditions.
Implementing these measures, we cannot only evaluate a
possible influence of the virtual condition on each of them
but we can also further elucidate the linkage between per-
ception and behavioral action. Thus, we asked participants to
observe emotional interactions within the two conditions and
explicitly evaluate (a) the behavioral tendency to approach
or avoid the observed scene, and (b) the emotional valence
(i.e., positive or negative) of the scene. These explicit rat-
ings reflect a conscious cognitive judgment of the observed
stimulus. Moreover, we measured implicit bodily response
behavior toward the stimulus via COP displacement, allow-
ing us to unmask automatic response behavior that takes
place at earlier stages of emotion perception processing.
To assess whether subjective presence was associated with
autonomic arousal, we applied a continuous skin conduct-
ance measure.

Finally, we explored whether and how emotion perception
and response tendencies were modulated by the observer’s
gender. More specifically, we asked whether women and
men differed in judging emotional valence and in their bod-
ily response to emotional interactions both explicitly and
implicitly.

Materials and methods
Participants

A total of 76 healthy adults, including 39 women
(M, =23.21, SD=2.58) and 37 men (M,,.=25.86,
SD =4.64) with normal or corrected-to-normal vision par-
ticipated in the experiment. All participants gave written
informed consent to take part in this study. None of the par-
ticipants reported any history of psychiatric or neurological
disorders and no current abuse of drugs or any psychoactive
medication. The protocol was approved by the Institutional
Ethics Committee and was conducted according to the prin-
ciples of the Declaration of Helsinki.

We assessed aspects of personality with the emotional
competence questionnaire (EKF, Rindermann 2009) and
controlled for each participant’s affective state with Beck’s
Depression Inventory (BDI-II; Beck et al. 1996) and the
State-Trait Anxiety Inventory (STAI; Spielberger et al.
1983). With regard to state anxiety, participants’ average
scores ranged from 23 to 57 (M, .1c =34.56; SDy 01 = 7.56;
M e=35.62, SD, ;.o =8.01). Scores on the trait anxi-
ety questionnaire ranged from 21 to 59 (M, ... =37.10;
SDfermate =9-18; M 1. =35.73, SD 1. = 8.42), with higher
scores indicating greater anxiety. BDI scores ranged
from 0 to 22 (Mj.pa1e =5-68; SDgeppate =5-18; M. =4.38,
SD,,,.c =3.65). Female and male participants did not differ

male

in their mean STAI or BDI-II scores as shown by nonsignifi-
cant Mann—Whitney U tests (all ps>0.05, see supplemen-
tary material S1). Furthermore, no correlation was found
with our dependent variables, see supplementary material
table S2-S4.

Stimuli
Creating the stimulus set

Stimuli were created with a motion capture system (VICON,
Oxford, UK) that recorded the position of 41 markers
attached to predefined anatomical landmarks. Eight pairs
of nonprofessional actors were asked to portray one of the
following four emotional states within a dialog: anger, sad-
ness, affection, or happiness. Due to its strong interpersonal
component, we included affection even though it is not con-
sidered to be a basic emotion (see Clarke et al. 2005). To
increase the variability of the movements, each emotional
state was portrayed in three intensities: low, medium and
high. Actors were specifically asked to act out the same
emotion. To facilitate a symmetric behavioral pattern, all
actors received scripts of emotional situations that they were
instructed to perform. They were asked to act intuitively
within the context of the given situation, allowing for free-
dom in their expressions. In the next step, we postprocessed
the motion capture data and edited the scenes into 3-s inter-
action sequences.

Stimulus selection

Finally, we randomly selected 96 point-light stimuli (24 x 4
emotions) and tested their recognizability in a separate pilot
study (n=36). Scenes had to meet two main criteria: first,
mean valence ratings had to reflect the displayed emotion
(i.e., negative ratings for anger and sadness and positive
ratings for affection and happiness). Second, mean valence
ratings between — 1 and 1 were excluded due to their ambi-
guity or lack of emotionality. Finally, the remaining trails
were balanced (i.e., 12 sequences per emotion), leading to
a final stimulus set of 48 emotional scenes. For the present
study, we applied a MoSh algorithm (Loper et al. 2014) to
the motion capture data (i.e., point-light displays) to create
avatars for the virtual environment (for exemplary movies,
see supplementary material Video S1-S8).

Materials and apparatus
Virtual environment
Using the Unity3D game engine by Unity Technologies

(http://unity3d.com), we created two display conditions that
we presented to participants in VR. The visual condition
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depicts a three-dimensional space in which participants
share a common space with the dynamic avatars who are
engaging in social interaction. The visual scene is presented
stereoscopically and also responds with motion parallax con-
tingent to the participant’s body movements. In the picto-
rial condition, participants are standing in front of a virtual
computer screen placed on a virtual table. In this case, ste-
reopsis and motion parallax indicate to the participant that
the screen is flat and that the visual scene being presented
is projected onto it. Therefore, it is thought to elicit a lower
subjective feeling of co-presence than in the visual condition
(see Fig. 1a, b). Using the HTC Vive Headset, the stimulus
material was presented via SteamVR software (http://steam
vr.com). In both cases, VR was rendered at 90 Hz with a
display resolution of 2160 x 1200 pixels and a field of view
of about 110°. Stimuli were presented in front of the partici-
pants who were placed at the same location at the beginning
of each sequence.

Explicit ratings

Rating responses were collected with the HTC Vive control-
ler placed in the participant’s dominant hand. After stimulus

fixation )
stimulus

presentation

presentation, participants were shown a virtual rating scale
and asked to judge (a) their tendency to respond to the stimu-
lus (i.e., whether they would like to approach or avoid the
scene) and (b) the valence of the stimulus (i.e., how posi-
tively or negatively they perceived it).

Implicit measurements

Participants stood on a mobile force plate (Accu Gait Sys-
tem, AMTI Force and Motion, Watertown, MA) throughout
the experiment. Changes in force and torque in the x, y, and z
dimensions were recorded during each stimulus presentation
(i.e., for 4 s at a rate of 50 Hz). Continuous EDA measure-
ment was applied to control for sympathetic nervous activity.
We did this by tying two Ag—AgCl electrodes filled with
an electrolytic gel mixture (GEL101) to the distal phalan-
ges of the nondominant hand. The signal was recorded at
a sampling rate of 1000 Hz. Physiological responses were
registered through a physiological amplifier BIOPAC MP36
(BIOPAC Systems, Inc., Goleta, CA).

How would you
respond? How would you

rate the scene?

I
avoid I

extremely extremely’
negative positive

response
behavior rating

valence
rating

Fig. 1 Display conditions and experimental timeline. The stimulus sequences are presented within a the pictorial condition (i.e., a virtual com-
puter monitor) and b the visual condition (i.e., the observer shares a common space with the stimuli). ¢ Temporal structure of one trial
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Experimental design

In the present study, we implemented a crossover design
in which all participants underwent both conditions (i.e.
visual condition, pictorial condition). The conditions were
separated into two blocks. The first block that was presented
was alternated between participants. More specifically, if
one participant started with the visual condition, the next
participant would start with the pictorial condition. This was
done to prevent a systematic error that may occur due to
exhaustion or habituation.

Procedure

Prior to the actual experiment, participants were asked to
fill out a self-administered battery of questionnaires assess-
ing emotional competencies and personality aspects (see
Participants section above). The experiment started with
a 2-min baseline recording of the EDA while participants
looked at a gray screen while standing on the force plate.
Next, they were instructed to carry out a test version of the
experiment to familiarize themselves with the task. During
the test version, emotional sequences appeared in the same
order for all participants. These sequences were not shown
in the main experiment. Subsequently, the actual experiment
started. While standing on a force plate, two blocks of trials
were shown, each containing all 48 emotional interactions
presented in a pseudorandomized order. In one of the blocks,
the trials were presented on a virtual screen (pictorial con-
dition, Fig. 1a) and in the other they were presented in the
virtual, open 3D space (visual condition, Fig. 1b).

Force plate data (i.e., implicit response behavior) were
collected during the presentation of a sequence. Follow-
ing each stimulus presentation, participants were instructed
to make two explicit judgments (see Fig. 1c): first, they
explicitly indicated their preferred behavioral response (i.e.,
explicit response behavior). More specifically, they were
asked to observe the interactive avatars while standing in
front of them and explicitly rate their tendency to approach
or avoid the avatars displaying their particular emotional
body expressions on an 11-point scale ranging from — 5
(avoid) to+5 (approach) with O (neither) marking the center
of the scale. Second, participants were asked to judge the
valence of the interaction on a 11-point scale ranging from
— 5 (extremely negative) to+5 (extremely positive) with
0 (neutral) marking the center of the scale. After one half
of each block, as well as at the end of each block, partici-
pants were asked to indicate how present they felt within the
scene (‘How present did you feel within the scene?’) using
a 7-point scale ranging from 1 (not at all) to 7 (extremely
present).

Data analysis and statistics
Electrodermal activity

In the first step, the EDA signal was downsampled to 10 Hz
and filtered using a fourth-order Butterworth low-pass filter
with a cutoff frequency of 5 Hz. Afterwards, the signal was
smoothed using a first-pass boxcar and second-pass Parzen
window with a length of 150 samples. Skin conductance
response (SCR) peaks were then determined according to
Kim et al. (2004) and refined using a forward-ascending
nearest-maximum search. An SCR was accepted as valid
when above 0.02 pS and below 1 pS. To extract all SCRs,
phasic component analysis was conducted using a trough-to-
peak analysis within a 1-6 s delayed window after stimulus
onset (Dawson et al. 2017). In the next step, a square-root
transformation was applied to normalize the data. Finally,
we calculated mean values for each emotional category
(anger, sadness, affection, happiness) per display condition
(pictorial, visual).

Center of pressure displacement

Force plate data were preprocessed and analyzed using
MATLAB 2018a (MathWorks, Inc., Natick, MA). In the
first step, data were low-pass filtered with a cutoff fre-
quency of 8 Hz. For each trial, we calculated the mean COP
displacement in the anteroposterior direction (COP-AP, in
mm, corresponding to the COP position during the stimulus
presentation relative to the COP position at the first frame
of the stimulus). Next, we identified outliers and excluded
trials from further analysis when the range of mediolateral
COP displacement exceeded 8 cm, indicating movement of
the feet. Finally, we calculated the postural responses for
each emotional sequence within both display conditions per
participant.

Presence

All ratings were preprocessed using MATLAB 2018a
(MathWorks, Inc., Natick, MA). Statistical analyses were
performed with IBM SPSS Statistics (version 25, IBM Cor,
Armonk, NY). Mean values of subjective presence were
calculated per participant and per display condition (i.e.,
pictorial, visual). A Wilcoxon signed-rank test was then
conducted per group (i.e., males and females) to compare
presence ratings within the pictorial and the visual condi-
tion. Following Rosenthal (1994), effect sizes r were cal-
culated as Z statistic divided by square root of the sample
size N with N being the number of total observations. To
assess whether greater subjective presence was associated
with higher autonomic arousal, we calculated Spearman
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correlation coefficients between subjective presence and
skin conductance responses toward the emotional scenes.

Explicit and implicit measurements

We tested the influence of display condition and emotional
category on the following dependent variables: (1) valence
judgment, (2) explicit response behavior, (3) implicit
response behavior. More specifically, three separate 2 (dis-
play condition: visual, pictorial) X4 (emotion: anger, happi-
ness, affection, sadness) X 2 (gender: male, female) repeated
measures ANOVAs with the between-subject factor “par-
ticipant gender” were conducted. With respect to implicit
response behavior, we used COP mean displacement in the
anterior—posterior direction as the dependent variable.

Fig. 2 Bars (including their
standard errors and individual
data points) showing a the mean
subjective presence ratings per
display condition (i.e., pictorial,
visual) and b mean valence rat-
ings per emotion separated by
display condition (pictorial, vis-
ual) Only significant differences
between the conditions are indi-
cated. Post hoc tests indicated
that within both conditions, all
emotions differed significantly
from each other (all ps <.05). ¢
Mean explicit response behavior
ratings for each emotion per

>

Subjective Presence

Pictorial

sk

Visual

Relationship between valence judgment and response
behavior

Finally, we aimed to explore whether the perceived valence
of an emotional scene is correlated with the tendency to
respond with approach or avoidance. To do so, we calcu-
lated correlation coefficients per participant for explicit
judgments—that is, reported valence (positive/negative) and
response behavior (avoid/approach). We did the same for
valence judgment and implicit response behavior (COP dis-
placement). In the next step, we applied a Fisher’s Z trans-
formation. We conducted one-sample ¢ tests per group (male,
female) and for each condition (pictorial, visual) to analyze
whether the correlation was significant. Last, we conducted
an independent-samples ¢ test of the mean correlations of
women versus men.
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group (i.e. male, female); note
that significance bars above
indicate differences between
emotions for each gender,
whereas significance bars below
indicate differences between
men and women for each emo-
tion. d Mean COP displacement
in anterior (i.e., positive values)
and posterior (i.e., negative -4r .
values) direction per emotion. r =
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by gender. Only significant
differences between men and
women are indicated. For men,
COP displacement did not differ
between the pictorial and visual
condition (p>0.05), whereas
for women, COP displacement
differed significantly between
conditions (p <0.05). Signifi-
cance level is indicated by aster-
isks (*p <0.05; ***p <0.001)
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Results
Subjective presence

First, we evaluated whether the perceived subjective pres-
ence differed between the two display conditions. Descrip-
tive statistics revealed higher mean values of subjective pres-
ence in the visual condition (M =4.28, SD=1.65) compared
to the pictorial condition (M =3.07, SD=1.60), see Fig. 2a.
We applied a Wilcoxon signed-rank test separately for males
and females. Data showed that both males (Z=— 4.98,
p<0.001, r=0.58) and females (Z=— 4.59, p<0.001,
r=0.52) felt significantly more present in the visual condi-
tion, confirming that subjective experience differed between
the two conditions. To investigate whether increased subjec-
tive presence resulted in increased physiological responses
toward the emotional sequences, we calculated Spearman
correlation coefficients between the mean phasic electro-
dermal response and subjective presence, both per display
condition (pictorial, visual). We found no significant correla-
tions (all ps>0.05), indicating that the subjective presence
did not relate to the physiological responses elicited within
either of the display conditions.

Does the display condition influence emotional
valence perception?

In the next step, we calculated a 2 (display condition: visual,
pictorial) X4 (emotion: anger, sadness, affection, happi-
ness) X 2 (gender: male, female) repeated measures ANOVA
with valence as a dependent variable and gender as a
between-subject factor. We found a main effect of display
condition, F(1, 74)=6.94, p=0.01, r/; =0.09, indicating
that, overall, stimuli were perceived slightly more negatively
in the visual compared to the pictorial condition
(M yg=— 0.09, p=0.01). Furthermore, we found a main
effect of emotion, F(1, 74)=1174.43, p <0.001, 71§= 0.94.
Post hoc analyses showed that all valence ratings differed
significantly from each other (all ps <0.001). As expected,
descriptive statistics indicated negative mean valence ratings
for anger and sadness, whereas affection and happiness
sequences, on average, were rated positively, see Fig. 2b.
Further, we found a significant interaction between dis-
play condition and emotion category, F(3, 222)=7.76,
p<0.001, ngz 0.10, indicating that the display condition did
not affect valence perception of all emotions equally. Post
hoc analyses revealed that anger (My;z=— 0.12, p=0.02)
was perceived slightly more negatively and happiness
(M4i=0.26, p<0.01) slightly more positively within the
pictorial condition, whereas sadness was perceived more
negatively within the visual condition (M4#=0.16, p=0.01),
see Fig. 2b. Overall, after Bonferroni corrections, these

effects were only marginal. Affection was not perceived dif-
ferently between display conditions (p >0.05). This interac-
tion implies that the observed main effect of viewing condi-
tion is mainly carried by the sequences that are displaying
sadness and happiness. With regard to gender effects, mean
valence ratings of each emotion did not differ between
women and men, F(3, 222)=0.06, p > 0.05, ’73 =0.001.
Moreover, the interaction between display condition and
gender was not significant, F(1, 74)=0.04, p>0.05,
n}%: 0.10, indicating that the display condition did not affect
valence perception of women and men differentially.

Does the display condition influence explicit
response tendencies?

To explore the effects of the display condition and emotion
category on reported response behavior, we calculated a 2
(display condition: visual, pictorial) X4 (emotion: anger,
sadness, affection, happiness) X2 (gender: male, female)
repeated measures ANOVA with explicit response behavior
rating as a dependent variable and gender as a between-
subject factor. We found no mediation by the display condi-
tion for this analysis as reflected by a nonsignificant main
effect, F(1, 74)=0.64, p>0.05, ;15 =0.01. We found a main
effect of emotion, F(3, 222)=29.26, p <0.001, n§=0.28,
indicating that anger elicited greater avoidance tendencies
than all other emotions (all ps <0.05). In contrast, happiness
elicited greater approach tendencies than all other emotions
(all ps<0.001). Sadness and affection did not elicit differ-
ential response tendencies (p > 0.05).

Furthermore, we found an interaction with the gender of
a person (F(3,222)=8.17, p<0.001, 11;=0.09). Post hoc
analyses showed that for men, happiness elicited positive
and significantly higher approach tendencies than all other
emotions (all ps <0.01). For women, we found the same
effect as well as negative and significantly higher avoidance
tendencies for anger sequences as compared to all other
emotions (all ps <0.001), see Fig. 2c.

Testing for gender-specific response tendencies with
respect to different emotion categories, we found greater
avoidance tendencies in response to anger sequences
[Mgs=—1.32, p<0.01,95% CI (— 2.24, — 0.41)] as well as
higher approach tendencies toward affection sequences in
women as compared to men [Myz=1.13, p<0.01, 95% CI
(0.35, 1.92)], see also Fig. 2c. The display condition in
which emotional interactions were presented, however, did
not exert differential effects on men and women as reflected
by a nonsignificant interaction, F(1, 74)=0.32, p>0.05,
’75 =0.004.
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Does the display condition affect implicit response
tendencies?

To explore the effect of the display condition on automatic
reaction tendencies toward the emotional scenes, we cal-
culated a 2 (display condition: visual, pictorial) X 4 (emo-
tion: anger, sadness, affection, happiness) X2 (gender:
male, female) repeated measures ANOVA with COP dis-
placement in anterior—posterior direction as a dependent
variable and gender as a between-subject factor. Results
revealed no main effect of the display condition [F(1,
74)=0.61, p=0.44, 715:0.01], but a main effect of emo-
tion [F(3, 222)=3.05, p <0.05, 11[2) =0.04, see Fig. 2e].
More specifically, anger elicited significantly higher ante-
rior movement than happiness scenes [M = 0.69 mm,
p<0.05,95% CI (0.004, 1.37)]. This effect was not medi-
ated by a person’s gender [F(3, 222)=0.98, p =0.40,
’7;2::0'01]' However, we did find an interaction effect
between display condition and gender [F(1, 74)=8.54,
p<0.01, ’75 =0.10]. Post hoc analyses showed that women
and men, on average, presented implicit avoidance behav-
ior (i.e., increased posterior movement) in the pictorial
condition. However, women displayed increased anterior
movement within the visual condition, indicating approach
behavior, whereas men, on average, displayed posterior
movement (My;=0.99 mm, p <0.05, 95% CI (0.14,
1.85)], see Fig. 2f.
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Is there a link between valence judgment
and response behavior?

Due to the gender-mediated discrepancies between valence
judgment and explicit response tendencies we observed
in anger and affection sequences (compare Fig. 2b, c), we
explored the phenomenon in more detail. Although men
tended to judge anger sequences just as negatively as women
did, about half of all male participants (i.e., 51.35% in the
pictorial condition and 48.65% within the visual condition)
indicated that they would like to approach the situation. Fig-
ure 3 illustrates how often specific valence and (explicit)
response behavior rating combinations were observed for
anger and affection sequences as well as within each condi-
tion (i.e., pictorial and visual).

For each participant as well as for both display condi-
tions, we calculated correlation coefficients between explicit
valence and response behavior ratings. With respect to anger
sequences, correlation coefficients did not differ significantly
from zero in either condition for the male population (all
ps>0.05). For women, the Bonferroni-corrected one-sample
t tests indicated that correlation coefficients differed signifi-
cantly from zero within the pictorial [M=0.42, #(37)=3.34,
p<0.01,d=0.54,95% CI (0.17, 0.68)], and the visual con-
dition [M =0.36, #37)=2.75, p<0.05, d=0.45, 95% CI
(0.09, 0.62)].

We found the same effect for affection sequences.
Whereas correlation coefficients found for men did not dif-
fer significantly from zero in either condition (all ps >0.05),
Bonferroni-corrected one-sample ¢ tests indicated that

Affection

Pictorial Visual

Response
o

Response
# of trials
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Fig. 3 Distribution of trials indicating how often specific valence X response behavior rating combinations were observed. All heat maps sepa-
rated for a anger and b affection sequences in each space (pictorial, visual) and gender (female, male)
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correlation coefficients for women differed significantly
from zero within both the pictorial [M =0.44, #38)=3.97,
p<0.01,d=0.64,95% CI (0.21, 0.66)], and the visual con-
dition [M =0.38, #36)=3.29, p<0.01, d=0.54, 95% CI
(0.15, 0.61)]. Although women and men did not seem to
differ in their judgment of emotional valence, there was a
congruent relationship with reported response tendencies for
women (i.e., avoidance in response to anger and approach
in response to affection), whereas there seemed to be no
relationship between these variables for men. Moreover,
Bonferroni-corrected independent-samples ¢ tests indi-
cated that mean correlations between valence judgment and
explicit response behavior rating for anger sequences dif-
fered significantly between women and men in the pictorial
condition [M=—- 0.58, #(72)=— 3.12, p<0.05, d=0.73,
95% CI (- 0.95, — 0.21)], but not in the visual condition
[#(73)=— 2.31, p=0.10]. For affection, mean correlations
between women and men did not differ in either of the dis-
play conditions [pictorial: #(74)=— 2.45, p=0.07, visual:
1(72)=-2.32, p=0.09].

With respect to valence judgment and implicit response
tendencies (i.e., COP displacement), results showed that
correlations were not significant for either women or men,
indicating that there was no relationship between the explicit
valence judgment and the automatic tendency to avoid or
approach (all ps>0.05).

Discussion

Using a multisystem approach, we aimed to shed light on
how different virtual environments influence the perception
of emotional body language and associated action tenden-
cies. We did this by comparing two virtual display condi-
tions: a pair of interacting partners was presented within
either a pictorial condition in which participants viewed the
emotional stimuli depicted on a screen or a visual condition
in which participants shared the same virtual room with the
interactive partners. We asked whether display conditions
would affect explicit judgments (i.e., valence perception and
response behavior) as well as implicit response behavior dif-
ferentially. Overall, our results indicate that the visual condi-
tion in which the observer is co-present with other (virtual)
agents elicited a stronger feeling of presence in the virtual
world as indicated by subjective ratings. However, the dis-
play condition exerted only marginal effects on valence judg-
ments and no effects on explicit response behavior. Implicit
response behavior (i.e., COP displacement) was affected dif-
ferentially by the display conditions—however, in a gender-
specific manner. Our results showed that valence perception
(i.e., the impression of how positively or negatively a scene
is perceived) does not differ between women and men. In

contrast, gender seems to mediate how individuals respond
toward a given stimulus—both explicitly and implicitly. In
the following sections, we shall discuss these findings in
greater detail.

Valence perception

With respect to valence perception, the display condition
exerted only marginal effects on how positively or negatively
an emotional interaction was perceived depending on the
emotional category presented. More specifically, anger and
happiness were judged to be more intense in the pictorial
condition, meaning that anger was perceived more nega-
tively and happiness was perceived more positively. Sad-
ness, in contrast, was judged more negatively in the visual
condition. Affection was not perceived differently between
display conditions.

Prior studies have demonstrated that immersive virtual
environments (i.e., an environment in which the participant
is in “presence mode”) intensify the emotional response
of the viewer as measured by the subjective experience of
arousal. This may lead, in turn, to an intensified percep-
tion of the content being viewed (Estupifidn et al. 2014;
Visch et al. 2010). However, our data revealed that this is
not necessarily the case. Instead, our results point toward
a differential effect: sadness was judged to be only slightly
negative, whereas anger and happiness were judged to con-
tain greater emotional valence. Whereas sadness sequences
were rated to contain less emotional valence, happiness and
anger were rated as being more intense. Thus, whether a
stimulus is perceived more or less intensely within a more
immersive environment may depend on its valence intensity.
Slater (2009) has discussed this phenomenon in terms of
realistic physiological, emotional, and behavioral responses
due to place illusion (i.e., a sense of being present in the
virtual environment despite knowing at a higher cognitive
level that the situation is not real). According to his view,
more immersive environments may change our conscious
cognitive perception into a more realistic, instead of a gener-
ally more intense experience. Note that valence judgments,
overall, differed only slightly between the pictorial and the
visual condition in our study, suggesting that the conscious
evaluation of an observed emotional interaction does not
seem to be influenced that strongly by the display condition.
This lack of a relevant difference in valence perception is
also in line with the results of a pilot study carried out by
Estupifian et al. (2014), who found that mean valence values
for images of human concerns (i.e., scenes violating human
rights) displayed within a VR head-mounted display did not
differ significantly from the reference of the Geneva Affec-
tive Picture Database (GAPED) displayed on a computer
screen.
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Turning to the lack of relevant differences in valence
judgements, it has to be noted that the increased sense of
subjective presence was not accompanied by increased
physiological arousal (i.e., increased skin conductance
response) in the present study. However, previous studies
have proposed that greater presence evokes greater auto-
nomic responses (e.g., increased heart rate measures and,
to a lesser degree, increased skin conductance response;
see Meehan et al. 2002), especially when participants were
exposed to stressful virtual environments. Freeman et al.
(2005) pointed out that presence and emotion perception are
related only for arousing stimuli, and that increased arousal
can lead to an intensified perception of the emotional content
being viewed. Hence, it seems plausible that the perception
of emotional valence within highly immersive environments
may be altered especially when stressful or highly arousing
stimuli are displayed (Diemer et al. 2015; Freeman et al.
2005; Visch et al. 2010). In the present study, however, the
stimulus material was not created to induce stress or other
emotional distress in the observer, but rather to reflect real-
world emotional interactions that would allow us to investi-
gate the perception of affective states in others. Thus, it may
be possible that changes in valence perception between the
display conditions may occur when highly arousing stimuli
are used.

Turning to the influence of gender on valence perception,
we found that women and men did not differ. Our data indi-
cate no gender differences in valence judgments for either
more intense emotions such as happiness and anger or less
intense emotions such as sadness and affection. Although
many studies have suggested a female superiority in emotion
recognition (e.g., Alaerts et al. 2011; Hall and Matsumoto
2004; Hampson et al. 2006), other studies have found that
gender effects occur only when highly subtle emotions are
presented compared to more intense, prototypical emotional
displays (Hoffmann et al. 2010; Montagne et al. 2005). The
lack of agreement on gender differences between the current
and prior studies may be due to methodological differences.
Whereas most studies assessed performance (i.e., accuracy)
or reaction times when assigning emotional displays to their
respective category (e.g., anger, happiness), we assessed
how strongly the valence of a given stimulus is perceived
for different emotional displays (Alaerts et al. 2011; Hamp-
son et al. 2006) and, therefore, focused on a more subjective
dimension of perceiving emotional body language.

Response behavior
Explicit response behavior
We found that explicit response behavior is not influenced

differentially by the display condition, meaning that the
urge to approach or avoid an emotional scene is virtually
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the same. Similar to valence judgments, explicit response
behavior is thought to represent complex cognitive evalua-
tions (in contrast to automatic response behavior) that may
be shaped by individual factors, such as personality traits.
Although we can only speculate about why co-presence
does not affect explicit response tendencies, it seems plau-
sible that participants reflected actively on how they would
react if this scenario were to occur in a “real-life” situation.
Applying such a strategy could certainly dampen the experi-
ence and break the illusion of being inside the virtual world
despite knowing that it is not real (Slater 2009). As a result,
the cognitive evaluation to avoid or approach the situation
will not be affected differently by virtual co-presence.

Interestingly, we found that explicit response behavior is
mediated by the observer’s gender. Whereas women tend to
report greater avoidance tendencies toward anger than men,
they also report greater approach tendencies toward affection
than men. Explicit response tendencies represent cognitive
evaluations of a stimulus which may be affected by social
learning and reinforcement. It is assumed that men learn to
hide helplessness and express aggression related emotions
such as anger more openly, whereas women are reinforced
when showing helplessness and suppressing anger (Fischer
1993). Thus, with respect to anger sequences, it seems plau-
sible that women tend to respond with avoidance while men
respond with approach. However, there are notable within
group inconsistencies in the tendency to avoid or approach.
Thus, the impact of different personality traits on helping
behavior e.g., altruism (Wang and Wang 2008) and agreea-
bleness (Graziano et al. 2007), might further elucidate those
inconsistencies. Moreover, Seidel et al. (2010b) suggest that
the gender of the interacting agents might also be an influ-
encing factor on conscious as well as automatic behavioral
tendencies. The authors suggest that social learning possibly
turned male faces expressing negative emotions to salient
social cues, which communicate the message to respond
with avoidance.

Implicit response behavior

Whereas explicit response behavior has been largely
neglected in the literature, implicit response behavior has
been studied quite extensively (e.g., Bradley et al. 2001;
Hillman et al. 2004; Horslen and Carpenter 2011; Seidel
et al. 2010b). We found that automatic response tendencies
depend on the emotion being displayed. On average, anger
elicited greater forward movement than happiness. Although
this may initially seem counterintuitive, because anger has
also been shown to elicit avoidance tendencies (e.g., Chen
and Bargh 1999; Marsh et al. 2005), other studies suggest
that humans can be motivated to approach, confront, and
overcome the social challenge posed by angry expressions
(Carver and Harmon-Jones 2009; Wilkowski and Meier
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2010). This is in line with findings by Stins and Beek (2007)
who reported that unpleasant images elicit a forward COP
displacement (of about 1 mm). It is noteworthy, however,
that we observed high variances in the implicit behavior to
approach or avoid. This indicates that other factors such as
learning experiences or certain personality factors may play
a mediating role in the behavioral tendency to respond.

Moreover, we found an interaction between the dis-
play condition and the gender of a person when it came
to implicit responses. Whereas women and men generally
tended to display backward movements in the pictorial con-
dition, women displayed approach tendencies in the visual
condition. This is an interesting finding, because it indicates
that the display condition may indeed differentially affect
automatic responses toward emotional stimuli—at least in
women.

However, it should be pointed out that, overall, the mean
displacement is extremely small (less than 1 mm) and should
therefore not be overinterpreted. Interestingly this “lack” of
implicit behavioral tendencies toward emotional displays has
also been reported by Seidel et al. (2010a), who showed
that only depressive patients—but not healthy controls—
displayed implicit avoidance behavior toward angry faces.
Moreover, healthy controls also did not display significant
behavioral tendencies toward happy faces. This is in line
with findings by Stins and Beek (2007) reporting that view-
ing emotion eliciting pictures had little effect on body sway.
The authors suggested that passive viewing might be cou-
pled only weakly to posture, and that an effective way to
probe the emotion-posture system would be to induce emo-
tional states that are relevant for postural control, such as
anxiety.

The influence of perspective

With respect to both, implicit and explicit response tenden-
cies, an important aspect that should be highlighted is the
influence of viewing perspective. Within both conditions,
participants remain in an observing position, or third-person
perspective, in which the observed actions are not directed
at the viewer. That means, the viewer passively observes the
actors’ interaction. An actor, or first-person perspective, in
contrast, is created when the viewer is transported into the
perspective of an actor. Research shows that spatial pres-
ence is increased in the actor perspective as compared to the
observer perspective (van den Boom et al. 2015). Although
speculative, it may be possible that a condition in which the
viewer is put in an actor perspective, in which the observed
actions are directed towards the participant, stronger
approach- or avoidance tendencies could be observed.

The link between valence and explicit response
behavior

Finally, we conducted an exploratory analysis of gender-
mediated discrepancies between valence judgment and
associated response tendencies toward anger and affection
sequences. Although some studies have reported that nega-
tively valenced stimuli such as angry faces signal the request
to go away (i.e., avoidance), others have demonstrated that
a negative evaluation of stimuli does not necessarily evoke
avoidance behavior (Carver and Harmon-Jones 2009; Horst-
mann 2003; Seidel et al. 2010b; Wilkowski and Meier 2010).
Wilkowski and Meier (2010), for instance, have argued that
angry facial expressions communicate the intention to con-
front a person aggressively. Thus, they pose an important
social challenge that should predispose individuals to engage
in approach-motivated behavior to confront or overcome
them.

Our data showed that while there is a positive link
between valence judgment and explicit response tendency
toward anger in women (i.e., negative valence judgment and
the behavioral tendency to avoid), this link is absent in men.
This is due to a high variability in explicit response behavior
toward anger within the male population. Whereas some par-
ticipants indicated they would like to approach the situation,
others reported feeling the tendency to withdraw. Although a
person’s gender does seem to play a role in the relationship
between valence and explicit response behavior for anger, it
is not the sole contributor. Personality models, for instance,
suggest that certain traits foster or inhibit response behavior
(see Carver 2005, for a review). We consider these to be
interesting results, because they highlight the complexity of
the phenomenon.

Conclusion

The present study showed that virtual environments in which
the observer shares a common space with virtual agents
increase the observer’s subjectively reported presence when
observing emotional interactions. It further showed that the
cognitive evaluation of stimulus valence is largely independ-
ent of the display condition (i.e., visual vs. pictorial) and that
it does not differ between women and men. These findings
support the notion that humans are highly adept at recogniz-
ing emotional stimuli from emotional body language, even
within more abstract settings such as pictorial designs.
Moreover, we did not observe differential effects of the
display condition on explicit response behavior. However,
we did observe a gender-mediated effect of display condi-
tion on implicit response behavior. Although the mechanism
is still unclear, it seems that being inside a “visual” space
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may act more strongly on automatic motivational tendencies
but not on higher level cognitive evaluations. We speculated
that this might be due to a break in place illusion caused by
active cognition evaluation of the scene.

Interestingly, a person’s gender also mediated explicit
response behavior. Women indicated a tendency to explic-
itly avoid anger scenes and approach affection scenes more
strongly than men, suggesting that they react with a greater
defensive motivation toward anger as well as greater appe-
titive motivation toward affection than men. Interindivid-
ual differences in explicit rating behavior indicated that a
proportion of the male participants explicitly wanted to
approach anger scenes. Perhaps this was due to a motivation
to confront or overcome a social challenge posed by angry
expressions (Carver and Harmon-Jones 2009; Wilkowski
and Meier 2010). Moreover, we found that the display con-
dition did not affect men and women differently with respect
to valence or explicit response behavior ratings.

Finally, we discovered a closed link between valence per-
ception and congruent explicit response behavior in women.
However, this link was absent in men.

Limitations and future implications

Virtual reality offers many options as well as challenges.
Whereas it can serve as a way to manipulate experimental
settings in a highly controlled manner, its complexity and the
effects it has on human perception are not well understood.
Here, we applied a virtual reality paradigm comparing a
“pictorial” condition (i.e., a space that simulates a computer
experiment on a computer screen) to a “visual” condition
(i.e., a condition with a shared space between the observer
and virtual agents). Although this allowed us to modify the
subjective experience of presence within the virtual environ-
ment, we did not exhaust its full potential. More specifically,
while the difference in subjective presence can be assessed
quantitatively, it remains open whether it is a meaningful
difference. Across both conditions, the viewer remains in
an observer perspective and is not able to experience the
scene from an actor perspective or influence the course of
the emotional interaction. Recent studies have proposed that
the environment is thought to be understood and perceived
through our interaction with it. In other words, perceptual
experience is no longer thought to result from passive infor-
mation processing, but is “enacted” via regulation of sen-
sorimotor loops and active exploration of the environment
(Engel et al. 2013; Froese et al. 2014). Thus, future studies
should tackle the role of an actor perspective, potentially
within an interactive VR setting. In this regard, response
behavior tendencies, such as approach and avoidance, can
be measured by instructing the participant to physically walk
towards (approach) or away from a scene (avoid). Thereby,
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the rating continuum could be replaced with a more ecologi-
cally valid measure.

Moreover, additional cardiovascular measures would be
suited to assess possible mediator effects that have been
found to influence emotion perception within VR settings,
such as arousal (Diemer et al. 2015). Here, we used EDA
as an implicit autonomic measure, however, Meehan et al.
(2002) suggest that greater autonomic responses due to
greater presence is reflected predominantly in increased
heart rate and, to a lesser degree, in skin conductance.

Another important factor that should be considered is
the restricted nature of our sample. Especially when mak-
ing group comparisons, in which the sample is split in half
(i.e. male, female), the results do not necessarily allow for
generalizations that apply to other cohorts. Especially with
regard to older populations. A meta-analytic review has
concluded that, overall, older adults are less accurate than
young adults at recognizing emotions (Ruffman et al. 2008).
However, one has to consider that many tasks used static,
stereotyped photographs of emotional expression, limiting
ecological validity of the task (Barrett et al. 2011). In the
present study, we chose to implement a setting that induces
a sense of presence in the observer, making it more simi-
lar to real-life encounters with others. However, the highly
homogenous sample warrant caution when generalizing the
results to wider context.

With respect to gender differences, pronounced intra-
group differences in explicit as well as implicit response
behavior suggest that there are individual factors that may
play a more critical role in the cognitive mediation of
response behavior than mere gender. Thus, future studies
should aim at considering the role of individual factors, such
as personality, in emotion perception studies.
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General discussion

6 General discussion

In the past decade, emotion recognition research has expanded its view, using bodily displays
of emotion to identify factors that modulate our perception. Different factors have been
established, including available kinematic and postural information, the amount of
information that is available overall (e.g. monads vs dyads) as well as individual characteristics
of the observer (e.g. their age, mood, gender). Although studies have found reliable emotion
recognition from single-agent displays of emotion (e.g. Atkinson et al., 2004; Alaerts et al.,
2004), others have highlighted the importance of social context information as it is found, for
instance, within interpersonal emotional dialogue (Clarke et al., 2005; Lorey et al, 2012). Thus,
we further extended the exisiting literature using point-light displays of dynamic emotional
interactions to deepen our understanding of factors that drive and modulate emotion
recognition from bodies. By taking a multisystem approach, it is explored how the perception
of affective states is shaped by the type information that is available as well as the
coordination of kinematic information and examines the role of modulatory individual factors.
In addition to commonly used paradigms, a new virtual reality method has been developed to
study the impact of presence on emotion recognition. As outlined previously, investigating
these mechanisms has great potential to advance the understanding of how it is possible to
infer mental states by observing others and paves the way towards understanding why in
some disorders, this ability is compromised (Kaletsch et al., 2014; Dalili et al. 2015; Kriiger et

al., 2018).

6.1 Key body parts that allow for emotion recognition

As outlined previously, emotion recognition research has demonstrated repeatedly that
humans have little difficulty in decoding relevant cues from body movement. One core
guestion associated with this ability is what parts of the body carry the most salient

information about the affective state.

Using an occlusion paradigm, in which either arm or trunk movements were isolated and
presented as PLDs, we confirmed that emotional content can be readily recognized from

dyadic interactions. Regardless of the type of stimulus that was displayed, recognition rates

52



General discussion

were well above chance level, indicating that individuals are able to identify relevant cues
even when presented with highly impoverished information. However, we found an emotion
specificity with respect to recognition accuracy from either arm or trunk movements. More
precisely, we found that happiness and anger were recognized more reliably from arm
movements as compared to trunk movements. Sadness, however, seemed to be perceived
mainly via cues from the head and torso. With respect to affection, we found no differences

in recognition rates for body and arm movements.

These findings are in line with previous research. Gross et al. (2012), for instance, found that
body posture during walking is significantly different between emotions. Sad walkers, for
instance, had a more flexed neck and thorax than joyful walkers. They also found that sad
walking was also accompanied by diminished arm swing. Similar observations were made by
Michalak et al. (2009), who found that sad gait is characterized by reduced arm swing, vertical
head movements, larger lateral swaying movements and a more slumped posture. These
observations have been replicated many times, with the most common kinematic features
including a forward head bend, forward chest bend, little arm movement and very little overall
movement (for an overview, see Kleinsmith and Bianchi-Berthouze, 2013). As the main
changes in posture and movement seem to be focused around the trunk and head, it seems
plausible that perceivers benefit significantly more from a display of these features as
compared to arm movements. While the lack of arm movement may indicate that the mood
state could be classified as sadness, a slumped posture allows for a more accurate detection
of the respective emotion. However, it should be noted that both displays are sufficient for

the observer to retrieve the target emotion (sadness).

Anger and happiness, in contrast, have been characterized as high energy, fast movements
with large, jerky movements and expanded limbs (see Kleinsmith and Bianchi-Berthouze,
2013). Thus, as our results indicate, arms, hands and shoulders seem to be the key parts of
the body that are used to form the perceptual impression of anger and happiness. For anger
especially, we found a strong advantage for arm displays with respect to emotion recognition

performances.

Taken together, it can be outlined that the bodily expression of emotion in dyadic interactions
is visible in the whole body and can be viewed as a complex system carrying salient

information. However, it becomes apparent that certain body parts carry key information for
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different affective states. While the most salient information about sadness is retrieved from
body and head movements, anger and happiness cues can easily be retrieved from arm

movements. Affection seems to be represented equally in arm vs. trunk movements.

6.2 The role of (spatio)temporal coupling

Aside from purely kinematic and postural information of each individual, interactions further
allow for a retrieval of interpersonal information. Interpersonal information may include
proxemic measures such as distance or orientation but also the timing and coordination of
each of the agent’s actions (Moreau et al., 2016, Yokozuka et al., 2018, Lahnakoski et al., 2020;
Manera 2011; Neri, 2006; Keck et al., 2022).

Previous research has demonstrated that when interactive activity that requires close body
contact is observed (e.g., fighting or dancing), the human visual system relies on the
spatiotemporal coupling between the agents to retrieve information relating to each agent
individually (Neri et al., 2006). More specifically, within meaningfully synchronized
interactions, the actions of one agent serve as the predictor for the expected actions of the
other agent. Thus, within the second study, the existing literature was expanded and it was
determined whether the spatiotemporal coupling between two interacting agents is
necessary for the recognition of affective states. To do so, we manipulated the existing point-
light interactions by delaying the movement onset of one of the agents and investigated

whether the recognition will be impaired as a result of this manipulation.

Our results indicate that the recognition of emotions from dyadic interactions depends on a
fixed (spatio)temporal coupling of the actions: temporal decoupling of one of the agent’s
actions within an emotional interaction leads to a decrease in recognition accuracy. However,
this effect occured in an emotion specific manner and only holds true for anger and affection.

The recognition of happiness and sadness were not affected by temporal decoupling.

These observations are partially in line with findings by Clarke and colleagues (2005) who
presented monads (i.e. single agents) taken from dyadic interactions and found that romantic
love and joy are recognized more reliably when they are depicted within an interaction.
Although our results confirm this effect for romantic love, or affection in our case, we did not

find this true for happiness. However, one has to take the methodological differences of both
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studies into account. Clarke et al. (2005) presented monads (i.e. single agents) taken from the
dyadic interactions. In our case, both agents were depicted, but with different temporal
offsets. As a result, the observer had constant access to movement information from the

second agent, which may have benefited recognition performances.

However, the question arises why there is an emotion specificity. Although there is no definite
answer to this question yet, it has been argued that some emotions may have a stronger
interpersonal and communicative character than others and thus depend more on reciprocal

actions whereas others may be acted out more on an individual level (Clarke et al., 2005).

In summary, we found that the perception of angry and affective interactions is dependent on
a (spatio)temporal coupling between the agents, highlighting the notion that not only
intrapersonal parameters but also interpersonal parameters play a central role in emotion

perception (Keck et al., 2022).

6.3 The influence of (co-)presence

In the third study, a novel multi-system virtual reality research design was implemented to
investigate whether the perceptual impression of emotional interactions is shaped by the
perceived presence of the interacting agents. Most of the paradigms that have been
established in emotion recognition research are based on so-called ,pictorial’ designs. That is,
static or dynamic sequences are displayed via screens (e.g. Atkinson et al., 2004; Alaerts et al.,
2011; Ross et al., 2012). However, in classical desktop designs the observer is physically
separated from the scene and thus cannot experience the presence of the interacting agents.
Research suggests that when relying on classical pictorial designs, we are investigating the
perceptual system in picture mode, not in presence mode, ultimately leading to differences
with respect to how it is processed on a neural level (Nanay, 2011, Troje, 2019). Being able to
experience another’s presence, for instance, has been shown to be strongly correlated with a
sense of agency, i.e. the ability to perceive and change the environment, and thus may be

crucial part of social cognition (Lallart et al., 2009; Jicol et al., 2021).

Thus, using a multisystem approach, we created a perceptual experience that enabled the
participant to have an increased a sense of presence within the virtual space. In this virtual

environment, the observer shares a common space with the interacting agents, enabling a
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subjectively perceived co-presence in which perceptual and physiological responses are

expected to be similar to real-life situations (Slater, 2003; Troje, 2019).

Indeed, the comparison of picture mode and presence mode revealed that the shared space
(i.e. "presence mode") led to an increase in subjectively perceived presence. However,
although we successfully elicited an increased sense of presence, as confirmed by participant
ratings, we observed only a marginal difference in the perception of emotional valence (i.e.
the subjective evaluation of positivity or negativity) between the two conditions. Specifically,
we found that the emotions anger and happiness were judged to be more intense (i.e. more
negative or more positive), in the pictorial condition. Sadness, however, was judged to be
more negative in the presence condition. With respect to affection, there were no differences

between the conditions.

Although prior studies have demonstrated that immersive virtual environments intensify
emotional responses as measured by arousal (Estupifidn et al. 2014; Visch et al. 2010), our
study suggests that this does not necessarily result in a more intense perception of all
emotions. Thus, whether or not a scene is pereived more or less intense within an immersive
environment may depend on the valence intensity of the stimulus. More specifically, lower
valence emotions such as sadness were perceived less intense in terms of emotional valence,
while happiness and anger, two higher valence emotions, were perceived even more intensely
within the shared space. Thus, according to Slater (2009), virtual environments may alter our
perception by making it more realistic rather than generally more intense. These observations
are consistent with a study by Visch et al. (2010), who found that immersive environments
enhance the emotion experienced by participants when viewing movies from various genres,
yet, does not affect the classification of the respective movie genre. A similar view is also
shared by Diemer et al. (2015), who concluded that when indviduals try to make sense of what
they are viewing within a virtual environment, they apply the same mechanisms as they do in

the real world.

It should be highlighted, however, that the differences between picture and presence mode
yielded in our study were only marginal and thus suggest that our perception of emotion from

interactions is not altered strongly by increased (co-)presence.
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6.4 Interindividual differences

We further investigated interindividual factors that have not been evaluated in the context of
perceiving emotional interactions so far. In particular, we assessed how the emotional
expressivity, i.e. the ability and willingness to express one’s emotions, as well as the gender of

the observer, influences emotion recognition.

6.4.1 Emotional Expressivity

Several theories that seek to understand the neural processes underlying emotion
recognition, such as the simulation theory, posit that the ability to recognize emotions is highly
individualized and depends heavily on an individual's internal representations. More
specifically, it suggests that an observer arrives at a mental attribution by simulating,
replicating, or reproducing her or his own representations of being in the same state as the
observed person (Barsalou et al., 2003; Gallese, 2003; Gallese & Goldman, 1998; Goldman &
Sripada, 2005; Rizzolatti & Sinigaglia, 2010).

On a behavioral level, Edey et al. (2017), for instance, showed that there is a linear relationship
between one’s own walking kinematics and affective state judgments. More specifically, they
found that faster participants rated slower emotions more intensely relative to their ratings
for faster emotions. The authors suggest that the perception of affective states in others is

predicted by one’s own movement kinematics.

Thus, within our study, we combined self-report measures of emotional expressivity with an
occlusion paradigm to assess whether one’s (motor) expression of emotion is associated with
the perception of emotion. Moreover, by presenting either arm- or trunk PLDs of emotional
interactions, we assessed whether an observer profits differently from either information with

respect to their own emotional expressivity.

Indeed, our results provide evidence that one’s emotional expressivity is associated with the
perception of emotion. Specifically, we found that individuals who report themselves to be
more emotionally expressive (verbally and nonverbally), and are thus able and willing to
express their own emotions, are better at recognizing emotions in others than individuals with

lower subjective emotional expressivity.
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Additionally, we found that individuals who reported lower levels of emotional expressivity
did not have significantly different recognition accuracy when exposed to either arm or trunk
movements. In contrast, individuals with medium or high emotional expressivity profited

especially from displays presenting arm movements.

However, one has to bear in mind that the estimation of one’s emotional expressivity is based
on self-report measures and thus might be. Self-report measures have been critized for not
representing a correct image of the mental abilities that are being assessed (e.g. Devlin et al.,
2014; Dunning et al., 2003). Yet, despite of this limitation, we discovered a significant
relationship between an individual's emotional expressivity and their ability to accurately

recognize emotions, as well as their use of available information.

These findings are in line with previous research which shows that one’s own walking
kinematics influence how affective content is interpreted (Edey et al., 2017). Moreover, Lorey
et al., (2012) showed that there is a negative linear relationship between alexithymia (i.e. a
compromized ability to perceive and describe their emotions) and emotion recognition. More
specifically, the study shows that alexithymic individuals are less confident in their ability to
recognize emotions as compared to control participants who do not have this trait (Lorey et

al., 2012).

Furthermore, our results align with the concept of the common-coding principle, which posits
a shared mapping of emotions and subjective states across individuals. This principle assumes
that the greater the similarity between an observed action and the way the observer would
perform the action, the stronger the activation of action representations (Calvo-Merino et al.,
2005). Therefore, perceiving emotional behavior in others may result in an internal simulation

of similar behaviors in ourselves.

A different but not mutually-exclusive approach that may account for our findings is
perceptual learning. This approach assumes that repeated exposure to certain movements
improves recognition performances (Grossman et al., 2004). With respect to our results, it is
possible that highly expressive individuals acquire visual instead of motor representations of
their very own emotional expressions, which can then be retrieved to understand another

person’s expressive behavior.
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6.4.2 Gender

A common topic of debate is whether or not gender is a modulating variable when it comes
to emotion recognition. It has been suggested that women are more adept than men at
recognizing emotion (e.g. Alaerts et al., 2011; Hoffmann et al., 2010; Thayer and Johnsen,
2000). More specifically, research indicates that women detect emotions more quickly and
more accurately from facial or bodily expressions (Alaerts et al., 2011). However, some
research also suggests that this only holds true for subtle rather than stereotypical displays of

emotion (Hoffmann et al., 2010; Montagne et al., 2005).

In our third study, we addressed the issue of gender-related differences with regard to the
subjective perception of emotion. Within the study, the gender of a person was determined
based on their self-identification as male or female. We implemented an emotional intensity
task, rather than a categorization task, i.e. rating the valence intensity as compared to an
emotion category, allowing for a detection of more subtle differences between women and

men.

Our results do not support the notion that there are differences between men and women
regarding valence intensity perception of emotional interactions depicted as PLDs. More
specifically, there are no gender differences in valence judgments for either more intensely
perceived emotions (i.e. happiness and anger) nor for less intense, and thus perhaps more

sutble emotions, such as as sadness and affection.

The lack of agreement with regard to gender differences in emotion recognition may, in part,
be due to methodological differences. Many paradigms previously used categorization tasks,
while in our study, we used a valence judgment task. The expected advantage was that such
ratings would allow us to detect more fine-grained differences in the way men and women
subjectively perceive emotional body expressions as it uses scalar ratings as opposed to a fixed
choice emotion category rating (see also Hall and Matsumoto, 2004; Fischer et al., 2018).
Moreover, a valence task, as compared to a categorization task, assesses the intensity of a
scene rather than its respective category and is thus a subjective more than an objective

measure.

Interestingly, recent neuroscientific research suggests that the functional architecture of the

brain is unlikely to be conceptualized as binary (e.g male/female) but is more likely to be
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continously represented on a brain-gender continuum (Sanchis-Segura et al., 2022). On the
behavioral level, this may implicate that traits that are traditionally viewed as typically
,female” or ,male” may not always be distributed in a binary fashion. Thus, the use of male
and female categories may not be sufficient to gain a nuanced understanding of how this

factor possibily interacts with emotion recognition.

7 Conclusion

The research discussed in this thesis further stresses the link between emotions and action
and the importance of the body as a channel of information. While it becomes clear that the
information that is retrieved from interactions in order to recognize an emotion highly
depends on the type of emotion that is displayed, it also became apparent that the recognition
of certain emotions (here, anger and affection) seems to operate through functional relations
between two agents, that can be either complementary or congruent depending on the
respective emotion. Interestingly, the studies discussed here further show that the observer
uses the available information differently depending on their own characteristics (i.e. their
own ability and willingness to express and recognize emotions). This is in line with the
simulation theory which views social cognition as a highly individual process than depends on
one’s own internal representations (Barsalou et al., 2003; Gallese, 2003; Gallese & Goldman,
1998; Goldman & Sripada, 2005; Rizzolatti & Sinigaglia, 2010). Summing up, the studies
presented in this thesis contribute to the research field of emotion recognition, adding the

following insights:

I. By extending established single-agent PLD paradigms using dyadic interactions, we
found that key information from the body is retrieved in an emotion-specific manner.
While information about certain emotion categories (here, anger and happiness) is
preferably retrieved via arm movements as compared to trunk movements, the
recognition of sadness is facilitated by the display of trunk as compared to arm
movements.

II.  Spatiotemporal coupling within emotional interactions enhances the recognition of
angry and affectionate interactions, while the recognition of happiness and sadness

does not depend on a time-locked interaction, suggesting that some emotions may
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have a stronger interpersonal character and thus depend on highly coordinated
movements.

lll.  While multiple studies have shown that context is essential, we found that co-presence
with the interacting partners only marginally influences the emotional percept
measured in terms of valence intensity.

IV.  With regard to interindividual factors, we found that the emotional expressivity of the
observer modulates emotion recognition accuracy and allows the individual to benefit
differently from the type of information that is displayed. Observers with high
emotional expressivity exhibit higher emotion recognition accuracy.

V.  While research on gender differences with respect to emotion recognition from bodies
is still limited, our results do not give reason to believe that there are significant
differences with respect to subjetively perceived valence intensity, i.e. how negative

or positive a scene is perceived to be.

8 Future implications

For future experiments, there are some factors that should be taken into consideration.
Firstly, recent studies suggest methodological shortcomings with respect to the stimulus
material that is used. More specifically, most studies, including ours, have used actors or
students in order to create their stimulus set. A study by Schuster and colleagues (2019),
however, suggests that emotion expression in body movements (i.e. gait) is different for posed
as compared to induced emotions. However, this effect was only investigated for movement
velocity. Thus, it needs to be further investigated whether non naturally-occuring whole body-

expressions can be relied upon when investigating emotion recognition.

Secondly, studies should further investigate whether forced-choice categorization paradigms
which only use a few categories are suited to capture the complexity of emotion recognition.
Although categorical forced-choice paradigms, when compared to free-response paradigms,
allow for the testing of recognition rather than the production of emotion concepts, they
come with some pitfalls. One of which includes the portrayal of emotion categories as
mutually exclusive, thus inflating the agreement across participants (e.g. Russell 1993, 1994).
Although categorical forced-choice paradigms have certain advantages, dimensional

paradigms may increase information that may otherwise be lost.
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In this regard, the use of binary classification such as male and female to assess gender
differences has also been criticized (e.g. Sanchis-Segura et al., 2022). Research suggests that
gender-related behaviors are highly inconsistent, situationally variable and are often based on
stereotypes (Lippa & Connelly, 1990). Thus, a binary classification may not capture the
multidimensionality of these behaviors. Therefore, future studies should aim at identifying
diagnostic indicators, such as personality traits, that will yield a probability of how likely a
person is to belong to a certain group. This allows for a more a-priori, theory-based approach
which, in turn, will allow for an easier identification of individual factors that modulate

emotion recognition.

Lastly, there is one issue that relates to the use of self-report measures to capture the
relationship between emotion recognition and emotional expressivity. Up to now, there is a
substantial lack of quantitative measures to support the results obtained from these
measures. With respect to the present investigation, further research is needed to assess the
relationship between self-reported emotional expressivity and actual movement

characteristics.
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