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Abstract. The purpose of this paper is to study the correlation between atten-
tion and affective response when a user interacts with the artistic installation
MovieScape - an Extended Immersive Digital Music Instrument. We analyzed
the affective modulation in ten subjects. For that, we applied Affective Slider and
audio-segmentation on the recorded performances of a Circumplex Space (a 2D
Circumplex Model of Affect) to apply quantitative metrics and divide the inter-
action in Explorative and Contemplative states. In our paper we propose this as
a unifying conceptual framework for analysing affective behavior within interac-
tive installation such as MS. Overall, the analyses present an increase of Arousal
after the interaction of the subjects within the environment, and a correlation
between the Explorative interaction and the increment of Arousal which confirms
the improvement in attention. Eventually, an inductive mechanism of expectancy
occurred. These conclusions open up for potential in designing EIDMIs for thera-
peutic and pedagogical purposes. Also, these findings may also prove that subjects
reached Creative Empowerment while becoming aware of MovieScape.

Keywords: EIDMI · Affective Modulation · Learning · Creative
Empowerment · Early Cinema

1 Analysis of Affective Behaviour in the Artistic Installation
Moviescape

1.1 Introduction

Research on the paradigm of Embodied Cognition is still under discussion with various
approaches and proposals (Fausto Caruana and Anna M. Borghi 2013). This approach
considers that cognition is a highly embodied or situated activity, and suggests that active
beings ought to be considered first and foremost as acting beings (Anderson 2003).Mind
and body are not treated as separate entities anymore but rather recognised as closely
influencing one another, intermingled with each other.
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Our research is based on emotion recognition, through a new unifying conceptual
framework, and the application of audio-visual modalities as driving components in
examining the affective behavior of the user. This unifying conceptual framework is
based on an immersive Digital Musical Instrument in which audiovisual components
are intertwined with the bodily movements of the user. In this situation, it is possible
to understand the affective behavior through the mechanism of reinforcement learning
(i.e. user’s experience influences subsequent choices). Hence, in this paper we couple
real-time interaction with video and music to verify through an initial pilot study how
this environment induces affective responses in the users. Also, we designed the users’
interaction based on body movements within the environment and proposed a virtual
affordance that induces an active body response.

The Fig. 1 shows a representation of the Circumplex model mentioned above. We
introduced the notion of the “Circumplex Space” associated with the CircumplexModel,
and it allowed us to represent and analyse the collected data in a two-dimensional space.
Sincemodulations in affective states can be represented as displacements in aCircumplex
Space, we applied quantitative metrics to support our analysis.

Fig. 1. The Circumplex Model of Affect. Note: A graphical representation of the Circumplex
Model of Affect with the horizontal axis representing the Valence dimension and the vertical axis
representing the Arousal or activation dimension (Posner et al. 2005).

1.2 A Multimodal Installation

The emotion recognition through body gesture is still a topic of debate, and is based on
a pre-existing dataset that relies mainly on body movement and face recognition, which
provides qualitative and quantitative observations of the investigated subjects. Noroozi
et al. (2018) presented an exhaustive survey on this topic, with a ready-made database,
in which extraction of features was made with machine learning methods.

The authors defined a general pipeline of methods and eventually highlighted the
difficulty in detecting general patterns of affective body language because these are
mainly based on naive geometrical representations. Thus they described three main
categories that do not consider sounds. However we are proposing a new technique, in
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which the user is placedwithin a DigitalMusical Instrument (DMI) of the twomodalities
- visual and sound - to verify which interaction is generated between these two as an
affective result, and most of all to analyse and observe the possible application of this
technique in the therapeutic and pedagogic domain. Our framework is based on the
affective recognition with visuals and in particular with sounds that are generated in
real time through user’s behaviour in the space. A DMI is a now widespread label
that represents a large whole, within which different types of technological interfaces
can be found. In this paper we are referring to a kind of DMIs in which the subject
interacts straightly through her body gestures within a space, considering then that the
instrument become an Extended and immersive Digital Music Instruments (Partesotti.
2023, forthcoming).

MovieScape (MS), the artistic installation we propose, hence includes visual and
sound multimodal interaction, in which the musical modality is a sonification algo-
rithm that generates sounds according to the subject’s movement (Table 1) shaping the
affective parameter by the learning experience that the subject has of the two modal-
ities. Consequently, it is not an issue of predetermined data, but cues that produce a
self-organised affective relationship in real-time. A multimodal installation such as MS
can be understood either as immersive infrastructure or interactive installation. The first
could interact, generate, analyse and store multimodal information such as audio and
video, among others (Manzolli 2015). The latter can be defined as facilitating both the
physical and emotional engagement of the audience, involving body interaction in the
reconfigured space of the art-related context (Jeon et al. 2019; Nam and Nitsche 2013).

In general, multimodal installations can help to investigate whereby the creative pro-
cess takes place through interactive techniques based on the integration of multimodal
signals and the study of the man-machine interplay. In this context, the observation of
the user’s Creative Empowerment (Partesotti et al. 2018) - a concept described further
on - is embedded through the variation of the affective modulation that occurs within
the multimodal interactive installation MS. In this perspective, as already pointed out by
Partesotti et al. (2018), we emphasise again the need to consider the paradigm of Embod-
iedCognitionwhen designing general DMIs for individuals. As highlighted byTahiroğlu
(2021) during the embedded practice with a Extended Immersive DMI (EIDMI), they
became producers, builders and composers. Since MS is a multimodal artistic installa-
tion controlled by the user’s body performance, we decided to run a preliminary study
to test how combined modalities’ perception can induce affective response in the users.
An example that has been used for designing MS is ADA Intelligent Space representing
a synthetic organism (Wassermann et al. 2003). This space was implemented to test the
interaction between “the stimuli generated by the space and users’ behaviours as a way
of producing synthetic emotions and their expression in sound material” (Wassermann
et al. 2003, p. 395). In other words, it proposed a modulation through the interaction
with the public. With the same analytical model with which ADA was programmed–
working with an association between interactive sonification and users’ behaviour–we
presented in the 2019 Artech Conference (Hebling et al. 2019) MovieScape as mul-
timodal installation inspired by the experiential environment and the poetics of silent
early cinema.
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1.2.1 Silent Cinema Historical Frame

Former theories established silent cinema as a primitive and preparatory step for sound
cinema, since its representation modes were not fully defined but in constant evolution.
Silent cinema is now recognised as a discontinuous time, with two main periods: early
cinemawith its exploratory participation and dynamic investigation (from1895 to 1915),
and the silent narrative cinemawith its well-defined narrative codes (from 1915 to 1929).

Early cinema was based on the “primitive mode of representation” (Burch 1990),
and in the “aesthetic of astonishment” (Gunning 1995) which means presenting a series
of discontinuous situations to cause a shock on the viewers.The public had active and
exploratory participation in the showing by contributing to the sound environment -
i.e. by singing, commenting, talking- as “additive to the spectacle” (Châteauvert and
Gaudreault 2001). These perspectives were paramount during MS design. The films
were presented in amusement parks, fairs, festivals, salons - among others - (Abel 2010;
Abel and Altman 2001; Altman 2004; Gaudreault et al. 2012), where the audience
could have an exploratory approach towards the film experience. The films could be
accompanied by storytellers, voice actors, sound effects artists or machines, and also
musicians (Altman 2004). Later on, the films begin to be shown in small storefront
theatres, called nickelodeons (Musser 1983).

In these places, the sound of the spectators and the chaos (Altman 2004) generated
by the many accompaniments above mentioned, began to organise themselves. Cinema
entered its “institutional mode of representation” (Burch 1990) - as we know it today
-, since it is already an industrialised system of production and distribution of films,
characterised by the supremacy of Hollywood (after 1915). This is the “cinema of nar-
ration” (Gaudreault 1987) where the public doesn’t participate actively in the sound
environment as it has been silenced by the institutionalised system (Châteauvert and
Gaudreault 2001). Music, from now on, became the only mode of accompaniment and
more standardised due to musical publications called photoplay, musical suggestions or
mood music (Altman 2004; Hebling 2017; Sauer 1998). After its standardisation, music
grew more complex to strengthen the narrative structure and the psychological traits of
the movie’s characters. As Gorbman (1987, p. 6) states, music had a function of a “bath
of affect”, i.e. the ability that film music has to induce the viewer into a specific psy-
chological state, using “the harmonic, rhythmic, melodic suggestiveness and channeling
effects of music.”

1.3 MovieScape, a Multimodal Installation

Literally inspired by this changing – from active participation to passive assimilation of
the audience – and the self-organising environment, in 2019 we designed themultimodal
installation MS emulating the nickelodeon environment in an artistic context. We made
thus the public relive the curiosity, uncertainty, and exploration offered by that new
environment, through musical stimuli, environmental noises, and the moving images
novelty.

MS has been designed to interactively generate sounds induced by the trajectory of
the participant’s body in the room. Once into this environment, the participant sees the
projection of a large sphere surfaced by a number of windows linked to scenes from a
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silent film (in this case Aurora, Murnau 1927), as shown in Fig. 3b. Previously informed,
the user grabbed a virtual steering wheel with all the yoke’s movement possibilities. That
is to say, the user grabs a virtual steering wheel to activate theMS environment, but even-
tually she has to use yoke’s directions in order to control it. In doing so she approaches
the sphere and selects a window that expands and the film’s scene, with its relative musi-
cal theme, becomes a moment of cinematic viewing, thus triggering the projection of the
chosen scene and its predefined music. Hence, she can move between an Exploratory
interaction, with environmental sounds and film windows, to a Contemplative one, with
musical themes and complete film scenes. This is an emulation of the experience that
took place on the nickelodeon stages, and also a metaphor for the historical transition
between early cinema and narrative silent cinema (more on this in p. 11). The interplay
of movement and sound, guided by the interactive video, can be a fruitful experience to
understand how new approaches for audiovisual interactions could be designed.

1.4 Purpose of the Study and Methodology

Our aim is to contribute to thefieldwith ourmultimodal installationMSandverifying that
the nature of interaction is connected to the concept of Creative Empowerment (Partesotti
et al. 2018). Hence, to verify that MS enables users to reach Creative Empowerment we
analyse the affective modulation in ten subjects through a qualitative and quantitative
approach. We retrieved data on Valence and Arousal of the subjects through Affective
Sliders (AS) (Betella and Verschure 2016) and recorded their performance in order to do
an audio-segmentation of each interaction. To be in control over something the user is
doing, means that she is able to continue or determine that situation at will (McClelland
2020). Thus, Creative Empowerment (CE) accounts for the rewarding experience and the
perception that occurs while gaining full control over our actions during the interaction
itself (Partesotti et al. 2018). Given the aforementioned condition, we believe that with
the multimodal installation MS is possible to observe and validate that CE is correlated
with the self-perceived reward outcome. This would be possible through the variation
of Valence and Arousal collected with AS and the audio segmentation of each user’s
performance. Moreover, we assume that CE is a process that increases the self-esteem,
attention, and satisfaction of the user. The importance of this hypothesis and the results
we obtained concerns the applicability in the therapeutic and pedagogical fields, in
which a creative perspective may support learning a goal. Interactive environments that
implement music have proved their benefits in the treatment of diverse pathologies and
education. For example in the relief of stress (Taneja et al. 2017) and improvement in
mental state and learning desire of students (Kanehira et al. 2018), or in learning of
cognitive, motor, psychological, social and to stimulate musicality (Correa et al. 2009).
This falls within the domain of Reinforcement Learning which studies behavior through
repeated trial-and-error interactionswithin a dynamic environment. In this domain, user’s
experience alters the estimates for future rewards influencing subsequent choices (Lee
et al. 2012). People continually make choices based on prediction (good for me - bad
for me), that is to say that individuals learn by interacting with the environment (Sutton
and Barto 2018).

MS has been performed at NICS Studio - where it was originally designed - and
proposed to ten volunteers. We analysed their performances to track their behaviours
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with the environment. To collect data we used AS (Betella and Verschure 2016), a
validated visual scale tool where each participant self-reports her own current affective
experience in a two-dimensional model. We collected them before and after volunteer
interaction, observing their change in Arousal and Valence according to the Circumplex
Model of Affect (Posner et al. 2005) as well as video recordings and questionnaires.

1.5 Architecture of MS

Indeed, this environment contains a virtual part (audiovisual), but is closely linked to
user performance which is critical for determining the type of interaction in the multi-
modal installation (Partridge and Rowe 1994). This approach is useful for the reader’s
understanding of the type of interaction that results after proposing the environment
to ten subjects, that is to say, the nature of the relationship between the user and the
environment. An audiovisual scape is selected with an imaginary steering wheel when
the user closes both fists. After this initial gesture, a sphere covered with images of
the silent cinema is modified according to the movement of the participant; the wheel
rotations alter the succession of scenes, while the displacement of the subject affects the
sonification.

This steering wheel, as previously mentioned, can work not only to turn right or left,
but it can also direct the moves up or down. For this reason, we refer to this steering
wheel as a yoke of an airplane.

Figure 2a) shows a brief comparison with the movements of an aircraft. We used
the movements of Yaw and Pitch. Figure 2b) Image showing the negative movements
mapped and the result on the sphere. Moving the steering wheel upwards (red) makes

Fig. 2. a, b, c: Yoke
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the sphere rotate around the X axis. Rotate steering wheel, with right hand forward
and left backward (blue), in z axis, rotates the sphere around the Y axis. Figure 3c)
Image showing the positive movements mapped and the result on the sphere. Moving
the steeringwheel downwards (purple) makes the sphere rotate around the X axis. Rotate
steering wheel, with left hand forward and right backward (yellow), in z axis, rotates the
sphere around the Y axis.

Table 1. MovieScape Gesture Table

Gesture name Gesture definition Result

Grab Virtual Steering Wheel. Close both hands with arms
extended in front of you.

Start manipulating the sphere.

Steering Wheel up. Move both arms with hands
closed upward in the Y axis.

Make the sphere rotate positive
around the X axis.

Steering Wheel down. Move both arms with hands
closed downward in the Y
axis.

Make the sphere rotate
negative around the X axis.

Steering Wheel front. Move both arms with hands
closed frontward in the Z axis.

Make the sphere zoom in.

Steering Wheel back. Move both arms with hands
closed backward in the Z axis.

Make the sphere zoom out.

Turn Steering Wheel right. With hands closed, right hand
forward and left backward in
the Z axis.

Make the sphere rotate positive
around the Y axis.

Turn Steering Wheel left. With hands closed, left hand
forward and right backward in
Z axis.

Make the sphere rotate
negative around the Y axis.

Move forward in the room. Move the body forward in the
Z axis.

Increases the Drone volume,
decreases the grain volume and
decreases the grain size.

Move backward in the room. Move the body backward in
the Z axis.

Decreases the Drone volume,
Increases the grain volume and
Increases the grain size.

Move right in the room. Move the body to the right in
the X axis.

Increases the delay and the
rarefaction.

Move left in the room. Move the body to the left in
the X axis.

Decreases the delay and the
rarefaction.

The sonification is spatialized so that the position of the user relative to the room con-
trols the sound. As the participantmoves away from the projection screen, the granularity
of the sound increases and the soundtrack becomes noisier. As the user approaches the
projection screen, a drone sound (i.e. a low frequency sound texture) intensifies (Fig. 3b
shows a participant interacting with MS. Since our analysis is mainly grounded on the
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Fig. 3. The MovieScape installation

sonification factors, for the sake of the interpretations we divided the type of interaction
of the users into two main categories: Contemplative and Explorative, which we will
discuss later on.

The design process of MS was anchored in a participative methodology that is a
factor of knowledge construction and artistic expression, a process elsewhere named
cultural sharing (Çamcı and Hamilton 2020). Figure 3 shows the basic setup of MS
with the projection screen, projector, motion sensor, sound monitors, and the subject
manipulating a virtual yoke. In it, the coordinates X, Y, Z represents the movement in
space, and the location (0,0,0) is in the centre of the installation. For more technical
details see Hebling et al. (2019).

In MS we have designed a multimodal interface where the interaction occurs with
an imaginary steering wheel and therefore offering precise Virtual Affordances to the
subject. This Virtual Affordance can also referred to as Multiple Trajectories (Partesotti
et al. 2018). This interaction, moreover, recalls a yoke controller that is activated when
the user closes her two fists, “driving” the sphere and thus navigating it while observing
the distributedmovie segments. This allows the adjustment of the images and the rotation
of the soundscapes and setting the audiovisual scenes to create a narrative progression
over time. In fact, this approach of ours derives from the need to allow the user to become
the protagonist who can combine scenes and therefore edit the film by herself.

1.6 Sonification

As mentioned above, in MS we divided the type of interaction of the subjects into two
main categories: Contemplative and Explorative. This categorisation is grounded on a
technical and interpretative understanding of the experience of the subject with diverse
audiovisual materials.

We chose to underline the connection existing between the inductive experience and
the affective one. From the technical perspective, the Explorative interaction generates
two different sound layers: a granular synthesis with a continuous texture (called drone),
and noisy sounds (see Fig. 3a). The drone sound is inspired by empty ambient sounds;
the noisy sounds are inspired by the cinema environment, i.e. the sound of the projector,
door, people talking and chair cheeks. TheMS dynamic design is mapped in the position
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of the subject in the room. The farther the subject is from the screen, the louder the noisy
sounds. When the subject goes far from the screen, drone sound volume goes down,
and noisy sounds volume goes up. On the contrary, when the subject gets close to the
screen, drone sound volume goes up, and noisy sounds volume goes down; furthermore,
the noisy sounds can be heard whenever a window is chosen (Hebling et al. 2019). The
Contemplative interaction is characterised bymatching a scenewith itsmusic theme. The
musical themes environment is based on the set of themes chosen from, or inspired by
musical suggestions books (Zamecnik 1913a, 1913b, 1914), and recorded with a piano.
This moment is inspired by the public settling in a more immersive state, induced by
musical themes in aGorbman’s “bath of affect” (1987) (see p. 6). As for the interpretative
perspective of a user’s experience with MS, during the Explorative moment there is a
higher level of body activity associated with anticipation, as the inductive mechanism
underlines (Huron 2006). That is to say, the user’s physical activity rises and coincides
with an increase in arousal.

1.7 The Experiment

The pilot test was conducted using 10 participants from the University of Campinas
(Unicamp). We asked the subjects to enter the NICS’ studio - a room with MS running.
Once in the room each participant had up to five minutes to interact with the installation,
while the whole interaction was video-recorded.

A video camera, in fact, was positioned so that it was possible to capture the partici-
pant’s movements and the entire wall on which the images were displayed. Considering
that the subjects and the dataset concern the type of multimodal interaction that occurs
during the interaction, we analyse the behaviour and codetermination of the subject
in the environment concerning the audio-visual feedback provided by the environment
itself. To do this, we used Affective Slider (Betella and Verschure 2016) before and
after the subjects’ performance to verify the changes in Valence and Arousal and anal-
ysed the relationship with movement and affective response using the sound and visual
feedback parameter. In a pre-analysis stage, all the AS reports were measured and plot-
ted on a scale from 1 to 1. To obtain the information about the interactions with MS,
audio segmentation was applied, collecting data on the time each participant spent in
the Explorative and Contemplative interaction and the number of variations. We based
our analyses in two datasets: state data - the time each subject stays in the Explorative
and Contemplative state and Circumplex data - the level of Arousal and Valence of each
subject before and after the experiment. We describe our methodology of analysis in
three steps: 1. Data structuring, 2. Quantitative Measurements, 3. Data crossing. Fur-
thermore, considering that our sound database is generated by an algorithm, it denotes
an interactive relationship in real-time.

Data Structuring: In that step, we structured the data to perform the analysis. To
structure the state data,we performed the audio segmentation of each experiment session.
The goal of the segmentation of the sound files is to split the granular synthesis and the
musical theme of the environments experienced by the subject. To do that, we applied
two audio descriptors of Sonic Visualizer (Cannam et al. 2010): the spectrogram and
the bark coefficients (Bullock 2007). The segmentation is performed by observing the
dispersion of the spectral energy in the spectrogram and in the bark coefficients, aligned
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with the listening of the audio file. In Fig. 4 we show an example of audio segmentation
with Sonic Visualizer. The odd numbers represent the granular synthesis (Explorative)
and the even numbers represent the musical themes (Contemplative).

Fig. 4. Segmentation of the audio of the experiment. Above, the spectrogram, and below the bark
coefficients descriptors.

Quantitative Measurements: In that step, we performed quantitative measurements
in the two data sets. In the state data, we summarise, for each participant, the time of
Explorative and Contemplative state. Then we reached the percentage of the two states
for each participant. To perform the quantitative measurements of the Circumplex data,
we used the Circumplex Space. By observing the points in the Circumplex Space before
and after the experiment we calculated: a) the trajectory and general tendency of each
participant in the Circumplex Space; b) the magnitude of the change of each participant
in the Circumplex Space; c) the percentage of change in Arousal and Valence. Data
crossing: Aiming to understand how MS modulates the affective states of the users, we
crossed the State and Circumplex data. Our analytical guideline is that the total time in
different states affords different levels of change in the Circumplex Space.

2 Results

As for the analysis, we represented the Circumplex Model of Affect in a 2D Circumplex
Space, with Arousal and Valence representing the affective states. The results are plotted
in the following graphics. Figure 5 presents how the affective experiences had evolved
for each participant. Of a total of ten participants, five increased both their Arousal
and Valence, four increased Arousal and decreased Valence, while the last displayed a
decrease in both of them.

Figure 5 shows how the affective states of each participant evolved in the Circumplex
Space; the y-axis represents Arousal and the x-axis represents Valence.
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Fig. 5. Projection of the Results in the Circumplex Space

The levels of Arousal before and after the experiment can be observed in Fig. 6. In the
figure, the y-axis represents Arousal. The x-axis presents the total time each participant
spent in the Explorative state during five minutes of interaction. The remaining time was
spent in the Contemplative state.

Fig. 6. Arousal Before and After the Experiment.
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Figure 7 shows the percentage of Arousal variation and the percentage of the time
(within 5 min) which was spent in the Explorative interaction. The remaining time was
spent in the Contemplative interaction. It was observed that, in general, the more time
the participants spent in the Explorative interaction, the more the Arousal increased. To
highlight that observation, we organized the subjects in the x-axis in a decrescent order of
time spent in the Explorative interaction, from left to right. The Arousal columns also are
decrescent, except by two outliers, subjects 8 and 4. Subject 4 related in the form some
discomfort to interact with MS and that probably is related to the low Arousal response.
Subject 8 didn’t give any cues in the form which would contribute to the analyses.

Fig. 7. Percentage of Arousal Variation and time in Explorative state.

Fig. 8. Valence Before and After the Experiment.

By examining the Explorative and Contemplative time spent by the subjects, we
conclude that there is a correlation between the Explorative interaction and the increment
of Arousal.



Analysis of Affective Behavior in the Artistic Installation 339

In Fig. 8 the y-axis represents Valence. The x-axis presents the total time each par-
ticipant spent in the exploratory state during five minutes of interaction. The remaining
time was spent in the Contemplative state.

Figure 9 shows the percentage of Valence variation. X-axis shows the ranking of
the time percentage that each participant spent in the Explorative state. Y-axis shows
the variation of the time within 5 min which was spent in the Explorative state. The
remaining time was spent in the Contemplative state.

Fig. 9. Percentage of Valence Variation.

Figure 10 displays how the affective states of each participant evolved in the Cir-
cumplex Space. The black line represents the trend of the affective states reported in the
experiment and obtained through linear regression. Blue vectors indicate Arousal and
Valence increase, red vectors indicate Arousal increase and Valence decrease and yellow
vectors indicate Arousal and Valence decreasing. We can infer that the MS experience
led to a general tendency of increment in Arousal levels.
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Fig. 10. (up) and (Below). Up tendency of results in the Circumplex Space. (Below) Representa-
tion of the magnitudes of the changes in the Circumplex Space, considering the points before and
after the experiment for each participant.

3 Discussion

Wepresented the quantitative analyses of two parameters. First, the levels of Valence and
Arousal before and after the user’s interaction following the AS questionnaire, and sec-
ond, the type of interaction according to the audio segmentation of each user, considered
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as Explorative and Contemplative. From the graphics of Valence and Arousal, it emerges
that users have learned how to use ‘the metaphor of driving’ that we designed, show-
ing an increase in attention. We have also observed that MS strengthens the interaction
between the environment and the cognizer, allowing an enactive experience. Further-
more, as pointed out by Huron (2006), Arousal increases when the object of interaction
generates expectation. In this context, the analysis of the users and their performance
showed an increment in the level of expectation which corresponds with an increase in
Arousal. This strengthens our position that MS can produce a sense of CE associated
with an increased level of Arousal.

From the analysis, we observed that once the subjects became aware of the virtual
affordance (section II-C) in order to interact with MS, then their behavior improved and
theirwillingness to interactwith the environment increasedmore, too. This is represented
by a general increase in Arousal level. Interacting withMS’s environment, the user could
reach the state of CE inwhich she enjoys the experiencewhile showing an increased level
of attention and satisfaction. Indeed, MS could allow us to observe that CE is associated
with the self-perceived reward outcome. CE leads to a co-determination process (Parte-
sotti et al. 2018) and displays important changes which may be useful in future studies at
an interdisciplinary level. These findings confirm how theoretical approaches grounded
on the paradigm of Embodied Cognition are strategic to the design of an interactive
installation which may find application in cognate fields.

As a general observation, the participants of the studied population were led towards
an Arousal increase. Hence, as an analytical result, we observed that an inductive mech-
anism of expectancy occurred within MS. In addition to it, from the interpretative per-
spective, we confirm that the increase in Arousal could correspond with the reaching of
CE of the subjects. Considering the exposure effect described by Huron (2006, p. 135),
familiar stimuli reduce the likelihood of orienting responses, which would suggest that
familiarity would decrease Arousal and increase Valence. From the data collected from
10 subjects, 50% of the participants had an increase in Valence, and 50% had a decrease.
If we consider the average, Valence has increased slightly. Indeed, Arousal increased
significantly. Huron (2006) explains how expectation and familiarity are connected in
a reward circuitry that modulates affect. According to his theory, expectancy leads to
a raise of Arousal, since humans evolved in order not to get surprised. In opposition,
familiarity leads to a decrease of Arousal, since “familiar stimuli reduce the likelihood
of orienting responses, and that this reduces an organism’s Arousal level” (Huron 2006,
p. 135). The author’s work is grounded in the context of tonal music, while in MS we
extend hismodel to amultimodal environment. In fact,MS is amultimodal installation in
which expectation’s outcome is linked to audiovisual and embodied stimuli, which may
constitute a rewarding and immersive experience that in turn unfolds the empowerment
of a creative expression. In this perspective we believe the visuals and sounds elements
together can strengthen subjects’ reward process, and future studies should investigate
this connection. As explained above, we categorise the subject’s interaction into two
types: Explorative and Contemplative. As results show, the Explorative interaction is
related to an increase of Arousal (Fig. 7), which we interpret as the expectancy of the
interaction based on Huron’s theory. One central finding indicates that the subjects who
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spent more time in the Explorative interaction were the ones presenting an augment of
Arousal.

4 Conclusions

Most of the studies concerning emotion recognition, including the survey by Noroozi
et al. (2018) apply a preset dataset primarily based on action-recognition.On the contrary,
in our pilot study, we used a dataset as a result of a multimodal relationship, with special
attention given to the pair sound-movement and in particular how sound feedback affects
the emotions of the user. This pilot study made it possible to observe the analysis of
emotion recognition from another perspective that is usually not considered, sowing the
seeds for a possible methodology that can help in future analyses. Furthermore, this
experiment allowed us to verify musical anticipation, and its potential, already widely
described byHuron (2006), as an effective parameter for analyzing the emotional process
of subjects within a multimodal interactive environment such as MS.

EIDMI are interfaces that can per se arouse creativity. With this insight, in this paper
we have presented the artistic installationMS, designed under the paradigm of Embodied
Cognition. Certainly, the opportunity provided by a multimodal environment may find
applications also in other domains. For example, MS may be viewed as a multimodal
interactive installation for a new modality of self-organization of movie material; this
could be applicable in the pedagogic and therapeutic fields. In fact, as literature underlies
(Hakvoort et al. 2020; O’Kelly et al. 2013; Pelletier 2004), in Music Therapy sessions
the variation of Arousal destress, regulates attention andmodulates emotional responses,
empowering clients. Indeed, Music Therapy, a multimodal environment stimulating the
sensory modalities and strengthening the CE process can be effective in the treatment
of various health conditions (i.e. Autism Spectrum Disorder) (Berger 2002; Partesotti
et al. 2018). In the educational field, MS could see its application within the historic
and humanistic frame, while on therapy, it would be the case of action executions.
The expectation of interactive environments such as MS applications is broad and can
embrace a path directed on community improvement and social inclusion.

5 Future Directions

To improve the MS environment and to offer another sense of control, we intend to
redesign the imaginary steering wheel (a bimanual yoke gesture control) to a unimanual
gesture interface. It would be worthwhile investigating how CE will be affected by this
alternative interface. In fact, sinceMS represents a first prototype of amultimodal artistic
installation, our test has been a pilot study, too.

Further investigation over the role of expectation within a new version should be
addressed with more volunteers. Moreover, further works and design of prototypes
should bear inmind the 4E cognition paradigm (Ryan and Schiavio 2019) in order to con-
tribute to a better understanding of the interaction that may occur between the cognizer
and the multimodal environment. This call to interdisciplinarity can only generate new
knowledge by opening a wider field in research. To conclude, Creative Empowerment is
a key parameter as it is grounded on the expectation and reward circuits strongly linked
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to an enactive experience. In other words, it could represent an innovative experimental
framework based on the intervention of EIDMI in interdisciplinary contexts within the
frame of reinforcement learning.

Abbreviations. The following abbreviations are used in this manuscript: AS: Affective Sliders,
CE: Creative Empowerment, DMI: Digital Musical Instruments, EIDMI: Extended Immersive
Digital Music Instruments, MS: MovieScape.
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