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Nordhjem B., Klug, J., Otten, B. (accepted). Faces in motion: embodiment, 
emotion and interaction. Leonardo.

Faces in motion: 
embodiment, 
emotion and 
interaction



Abstract 
As humans, we express what we think and feel by facial movements, 
often without even realizing it. In the (e)motion installation, the goal 
was to create awareness of even the subtlest movements of the face, 
and to create a space for interaction purely based on facial expressions. 
Facial movements were tracked by custom software and translated 
into motion vectors, which were in turn visualized and coupled with 
sounds. Participants could interact by responding to each other’s 
facial movements. (e)motion was inspired by embodied cognition 
and scientific studies on emotion and action. The installation was 
the result of interdisciplinary collaboration between art, movement 
science, and cognitive neuroscience.
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7.1 Project background
What is the link between imagination and movement? Artists and scientists came together over a period 
of eight months to discuss this question in a project initiated by Pavlov E-lab based in Groningen, the 
Netherlands. These meetings also became the starting point for a collaboration, which led to the creation 
of the interactive installation (e)motion. The team behind (e)motion included professor of neuromechanics 
Bert Otten, musician and media artist Jan Klug, and cognitive neuroscientist Barbara Nordhjem.

A participant enters the (e)motion installation by placing his face inside the opening of a large box 
(Figure 7.1). At first, he will see a video projection of himself captured by a webcam inside the box, 
along with the face of another participant. If he keeps his face perfectly still, the projection will turn 
dark. By moving just one part of his face, however, for instance by blinking one eye, that part will be 
revealed by motion vectors. At the same time, he will hear sounds synchronized with the movements of 
his eyelid. The (e)motion installation captures the movements of participants’ faces, and then translates 
them into sounds and a visualization. The setup allows two participants to play together and examine 
their own and each other’s moving faces. The goal was to create a simple environment for participants 
to explore their faces in motion together.

Figure 7.1: The (e)motion installation space 
with two wooden boxes fitted with screens 
and webcams, and the wall projection next 
to the boxes (top image). The faces of the 
two people interacting via the installation 
were shown on a screen inside each box as 
well as on the wall. Thereby, two people 
could interact with each other, while more 
people could observe their faces (bottom 
image).  Photo by René Passet.



7.2 Theoretical foundation:
embodied cognition

The theories of embodied cognition became central throughout the project. The overall idea behind 
the embodied perspective is that the brain is connected to the body and the sensed environment, and 
therefore they must be regarded as one dynamical system (Varela, Rosch, & Thompson, 1991). The 
consequence is that our capacity for cognition and emotions extends beyond the brain (Clark, 1997). 
The idea of embodied cognition is radically different from most traditional views on cognition. These 
views suggest that the brain carries out computations on a more abstract level with perception as 
input and action output (Shapiro, 2010), whereas from an embodied perspective, conscious perception 
emerges from learned sensorimotor contingency rules relating to how sensory stimulations change 
as an effect of movement. As we actively explore our environment, we learn to make sense of these 
patterns of change.

Using principles of embodied cognition in media art installations can enhance participants’ experiences 
(van Dartel, Misker, Nigten, & van der Ster, 2007) but how viewers cognitively construct such realities 
is not commonly understood in the arts community. The latter is required to make an informed choice 
between VR and AR and decisions regarding how these realities should be realised. This paper will use 
VR artwork DEVMAP (by Workspace Unlimited. Using only part of the body, for instance controlling 
a computer program with a mouse, provides limited sensorimotor patterns, whereas an installation 
responding dynamically to the actions of the participants engages the sensorimotor contingencies on 
which we rely every day.

7.2.1 Mirroring movement

Neuroscientific research supports the inseparable link between perception and action with the discovery 
of mirror neurons (Iacoboni & Dapretto, 2006). Mirror neurons are individual cells that fire both when 
an action is performed and when the same action is observed (di Pellegrino, Fadiga, Fogassi, Gallese, & 
Rizzolatti, 1992; Gallese, Fadiga, Fogassi, & Rizzolatti, 1996). Observation and imitation of emotional 
facial expressions also activate common areas involved in emotion as well as motor areas within the 
mirror neuron system (Carr, Iacoboni, Dubeau, Mazziotta, & Lenzi, 2003). The finding of mirror neurons 
suggests that motor actions performed by oneself and by others share the same neural representation. 
When we look at people moving around us, those movements also resonate where our brains prepare 
our own movements.

7.2.2 Embodied emotions

Embodied cognition and mirror neurons provide a useful background for understanding facial 
expressions and emotions. We tend to respond to facial expression by mimicry when interacting 
(Dimberg, Thunberg, & Elmehed, 2000). Moreover, although reading is often seen as a mainly cognitive 
ability, people tend to move facial muscles in a way that corresponds to the words they are reading. 
Positive emotion words activate muscles used for smiling, while negative emotion words activate 
muscles used for frowning (Niedenthal, Winkielman, Mondillon, & Vermeulen, 2009). Facial expressions 
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also have an influence on the processing of emotion words. Subjects are faster at reading sentences 
with positive content when they are smiling (Havas, Glenberg, & Rinck, 2007). On the other hand, when 
facial expressions are blocked, people become less able to recognize emotions expressed by others 
(Niedenthal, Brauer, Halberstadt, & Innes-Ker, 2001; Oberman, Winkielman, & Ramachandran, 2007), 
and processing of emotional words becomes slower (Havas, Glenberg, Gutowski, Lucarelli, & Davidson, 
2010). Hence, facial movement seems to be involved in emotion processing and recognition. When we 
observe someone else expressing an emotion, we tend to embody it, and doing so seems to aid our 
perception of emotion.

7.3 Creating (e)motion
The (e)motion installation was shaped by the theoretical framework of embodied cognition and scientific 
studies of mirror neurons, emotion perception, and facial expressions described in the previous section. 
The goal was to integrate theory and science into an installation where some of these concepts could 
be experienced intuitively: we wanted the participants to explore dynamic movements of the face and 
create a space for embodied interaction.

7.3.1 Appearance

We chose to give the installation a low-tech appearance. The idea was to make a simple and somewhat 
quirky setting where people could interact, and not a flashy display of shiny screens and abstract data 
visualization. The result was two wooden boxes on tripods, each with an oval hole for the face of a 
participant. When looking inside one of the boxes, a participant would see two faces projected next 
to each other: her own face and the face of the person looking inside the other box (Figure 7.1). This 
created the possibility for two people to interact with each other. The use of boxes created an intimate 
space where participants perhaps felt less aware of their surroundings and therefore also freer to 
explore. A large wall projection of both faces was also shown next to the boxes. We did this to allow the 
audience to take on the role of outside observers.

7.3.2 Face tracking

The software for (e)motion was built with openCV and OpenFrameworks. A face recognition algorithm 
was used to detect and track the position of the face in order to track movement within the face and 
mask out the surroundings. We used optical flow to capture facial movement. Optical flow here reflects 
changes due to movement and was calculated as pixel displacement between frames.  The optical flow 
motion tracking was implemented using Farneback’s algorithm, with the open source function called 
calcOpticalFlowFarneback in OpenCV (http://opencv.org/).

Even though movement and emotional expressions seem to be closely linked, most systems used for 
classification of emotions are based on still images. For instance, the most well-known classification 
tool is the Facial Action Coding System (FACS), a catalog of static action units that shows different facial 
expressions (Ekman & Friesen, 1976). Recently, there has also been more interest in automatic emotion 
detection based on movement of the faces. Several computer vision algorithms have implemented 



extraction of motion vectors for emotion classification (Essa & Pentland, 1994; Lien, Kanade, Cohn, & 
Li, 2000; Naghsh-Nilchi & Roshanzamir, 2008). Figure 7.2 illustrates six human face images from Cohn-
Kanade AU-Coded Facial Expression Database and an emotion classification system based on motion.

Our face tracking system was inspired by a motion-based emotion classification system (Naghsh-
Nilchi & Roshanzamir, 2008). The face was analyzed in six smaller regions (Figure 7.3). The first region 
boundary (line 1) crosses the pupils. The second boundary (line 2) divides the image between line 1 
and the bottom edge into an upper third (between lines 1 and 2) and two lower thirds (between lines 2 
and the bottom edge). The position of line 2 corresponds approximately to the tip of the nose. A vertical 
boundary divides the face in half (line 3).

7.3.3 Visualization

We initially worked with infrared cameras, and the motion vectors were projected as colored arrows. This 
visualization was similar to the scientific approach to how motion vectors are shown, and it looked highly 
technical. Yet, we wanted to create a space where people would feel comfortable enough to interact and 
explore, and this felt more like a surveillance camera keeping track of and evaluating even the participants’ 
smallest movement! The infrared cameras were replaced with regular webcams and the faces were illuminated 
with LED lights. This change immediately lent a warmer and more poetic feel to the installation. Furthermore, 
we chose to have the area where there was movement light up and reveal the face, and the areas without 
movement turn darker. If there was motion, the motion vectors would then light up that specific region.

7.3.4 Sounds

The auditory part of the installation consisted of multiple layers. A basic layer gave the installation an 
ambient background sound; this layer was not affected by facial movements. We included this to create 
an atmosphere around the installation and to ensure that the sounds triggered by facial movements did 
not come on too abruptly.  Within a face, each of the six regions depicted in Figure 7.3 was assigned a 
tone. For each facial region, a single motion vector was calculated and the size of the vector determined 

Figure 7.2: Left: photographs illustrating six basic emotions from the Cohn-Kanade AU-Coded Facial Expression Database (© Jeffrey Cohn, 
printed with permission).  Right: the movements of the six basic emotions based on dynamical classification (adapted from (Naghsh-Nilchi & 
Roshanzamir, 2008)
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the volume of the sound. Because applying sound 
to each motion vector would create a confusing 
soundscape, we chose to only sonify the cumulative 
sum of all vectors within each region. To enhance 
the sound of particularly large movements, an 
additional sound on top of the sound assigned to 
a particular region was played when the average 
movement was above a certain threshold. The 
sounds were selected to harmonize together using 
a pentatonic scale. The relation between facial 
movement and sound was kept relatively simple to 
make the installation intuitive.

7.4 Participant 
responses

We observed many different responses from the participants using the (e)motion installation. Some briefly 
had a look inside one of the boxes, moved their whole head back and forth a few times and then stopped 
exploring other possible movements. However, most people picked up on how the installation worked 
quickly and intuitively. Especially children seemed to grasp how it worked and enjoyed the installation. 
People often spent a long time exploring different movement combinations, which resulted in unusual 
grimaces. These faces were not within the range of classified emotional expression, but an exploration of 
movement. They sometimes also looked differently from what one would see in daily life. For instance, 
many participants made fast jerky movements, which worked well to trigger a series of tones.

Most participants would almost instantaneously forget that their faces were projected outside the boxes 
as well. They simply focused on what was happening inside the box and made movements that they would 
probably not have felt comfortable making in front of a group of strangers. Participants felt free to move to 
an extent that suggests that the installation created an intimate setting where most people felt comfortable. 
The installation also created a space where strangers ended up being face to face with each other. Some 
participants later told us that they were initially surprised to see someone else’s face, but that they also 
quickly felt at ease. Perhaps it helped that the projections of both faces were partially hidden and only areas 
where there was movement were revealed. This way, people felt less exposed, as if they were wearing a mask.

One of our goals was to enable nonverbal communication between participants. Some reported that 
they felt some kind of connection or interaction with the other participant. This could also sometimes 
be observed, for instance, when several people started mimicking each other’s movements. Other 
participants said that they quickly forgot about the other face and focused more on their own movements 
and the effects that they had. Either way, most expressed that they felt engaged in the installation and 
experienced a relation between their movements, the visualization, and the sounds.

Figure 7.3: Screenshot of the (e)motion software. Left: a face detect-
ed by the face recognition algorithm and divided into six segments. 
Right: motion vectors projected onto the face. Note that these are 
the raw vectors; see Figure 7.4 for the final visualization.



7.5 Conclusion and future development
According to the notion of embodied cognition, the brain, body, and environment are connected. We 
set out to create an interactive installation to make the link between emotions and action perceivable 
in an intuitive manner. 

There are several possibilities for further developments and more in-depth exploration of the interaction 
between movement, sound, and visuals. (e)motion could be used as a musical instrument in a more 
controlled way. For example, it would be possible to create a composition based on a series of facial 
movements. (e)motion could also have clinical applications, for instance with people with an autism 
spectrum disorder or with depression, who produce fewer facial movements. In line with the embodied 
cognition framework, training the ability to produce facial movements should also influence emotional 
state and perception of emotions in others. It is possible that prolonged use of the (e)motion tracker could 
promote more facial movements in other situations as well, and thereby also benefit emotion perception.

Figure 7.4: Participant interacting with (e)motion. The top row shows fairly small movements, such as lifting the corner of the mouth (left) and 
opening and closing the eyes. The bottom row shows more global movements, such as turning the whole head (left) and moving the mouth 
and eyes at the same time (middle and right). Video stills photographed by Barbara Nordhjem.
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