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Art therapy andmusic therapy, as well as other arts-based approaches and interventions,

help to mitigate symptoms in serious and chronic diseases and to improve the well-being

and quality of life for both healthy individuals and patients. Artistic creation is also

researched and practiced intending to empower and understand individuals, groups,

and communities. However, much research is required in order to learn how arts-based

approaches operate and to enhance their effectivity. The complex and simultaneous

occurrences involving the dynamics of the creation work, the client, and the therapist

in a typical arts setting are difficult to grasp, consequently affecting their objective

analyses. Here we employ our Computational Paradigm which enables the quantitative

and rigorous tracking, analyzing, and documenting of the underlying dynamic processes,

and describe its application in recent past and current real-world art and music studies

with human participants. We aim to study emergent artistic behaviors of individuals

and collectives in response to art and music making. Significant insights obtained

include demographic variation factors such as gender and age, empirical behavioral

patterns, and quantitative expressiveness and its change. We discuss the implications

of the findings for therapy and research, such as causality for behavioral diversification

and audio-visual cross-modality, and also offer directions for future applications and

technology enhancements.

Keywords: computational technology, research method, artistic behavior dynamics, art, music, arts therapies,

computer modeling, Computational Paradigm (CP)

INTRODUCTION

Arts-based approaches and interventions, such as arts therapies, are practiced to alleviate symptoms
and induce psychosocial and therapeutic effects in a wide range of serious and chronic illnesses,
conditions, and mental disorders, such as cancer, Parkinson, Alzheimer, physical disabilities, and
schizophrenia. For example, pain, stress, depression, anxiety, fatigue, breathlessness, and other
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FIGURE 7 | Parameter comparison in music improvisation making of collectives. These represent the averaged parameter values of improvised titles of negative and

positive feeling by the participants (depicted as superimposed improvisations in the two right columns of the panels in Figure 6, and they can be heard as such by

playing the Audios S1, S2, respectively).
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FIGURE 8 | Parameter comparison and visualization of musical works of an individual. The first and last improvisations of Subject A, extracted from the first and sixth

sessions in which the subject participated, respectively. (Table) The parameter comparison of these two improvisations. (Top Right 3 Panels) The timeline of the first

improvisation, showing the intensity of notes, the notes themselves, and the heatmap of the notes as a function of their intensity (in color). The y-axis is in MIDI units.

The colormap of the intensity values ranging from pppp to ffff is on the right. (Bottom Right 3 Panels) The timeline of the last improvisation.
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FIGURE 9 | Comparable empirical depiction of musical works of an individual. The first and last improvisations of Subject B, extracted from the first and sixth

sessions, respectively. (A) Range of octave and intensity use. (B) Distribution of the percentage of playing time for octave and intensity use, pitch classes and note

clusters. (C) Additional comparisons of music parameters.
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FIGURE 10 | Summary of the CP utilization and contribution to research and therapy. Further details can be found in the text and in the references (Sandak et al.,

2015, 2019a,b).
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musical data of Study 2, compared to the results of Study
1, which focused on visual data, can be the basis for a
systematic exploration of synesthesia, as these utilize universal
mechanisms, and their mapping “deserves systematic attention”
(Sagiv et al., 2009). That is, we aim to map the parameters
of auditory and visual image creation, in the search for
emergent attributes connecting them and potential synesthetic
connections. Both synesthetes and non-synesthetes tend to
choose brighter colors with higher-pitch sounds (Hubbard and
Ramachandran, 2005), as has also been shown here, and also
obtain the specific color hues that manifest this, such as
yellow and green. As seen in the tables in Figures 5, 7, one
might hypothesize that high pressure exerted on the drawing
tools may be connected with higher intensity exerted on the
piano keys. However, no differences in pressure appeared
between “negative” and “positive” drawings. Nevertheless, in
the “negative” valence, for example, the significant use of oils
may be mapped to high intensity, high drawing velocity can be
mapped to large clusters of notes pressed, and black color can
be mapped to low-pitch sounds. These potential leads should be
further studied.

The technology can be used by the scientific and clinical
communities as follows: (a) The empirical findings of emerging
behavioral properties we obtain can be used by therapists and
researchers as new or complementary data in their own work. (b)
In the long run, it may be used as a research method by other
workers for other empirical-based investigations. (c) These may
also lead to additional research avenues, in which the behavioral
results we generate (such as age and gender difference in the
processes of art and music making) are mapped onto bio-neural
mechanisms, for example, brain activity (Raglio et al., 2006;
Bolwerk et al., 2014).

Eventually, we expect our ideas to be used also in assessing and
predicting treatment progress and outcome, with the intention of
improving and optimizing it too. We now expand upon this.

Future Goals
Modeled Tracking Module
The CP is designed to capture and track additional musical
instruments other than the one we used here (a MIDI piano
keyboard). This capability will be employed in investigations
where the client’s choice of instrument is part of the research, and
hence, we plan to include MIDI-based woodwind, percussion,
and string instruments. We also plan to expand the technology to
accommodate real art materials as well as acoustic instruments,
and expect to further implement the CP to capture occurrences
in 3D and audio space. As such, sculpting may also be
studied. These data too will serve as input to the models
of client and therapist that we plan to develop. The models
will track bodily/non-verbal and auditory/verbal dynamics
that capture social interaction, such as body language, facial
expression, and therapist intervention. This will also enable
model development for the dance/movement modality. Initial
steps in all these directions can be found in Sandak et al. (2015,
2019a).

Analysis Module
The Analysis module, which is study-dependent, analyzes the
dynamics of the emergent behaviors provided by the Modeled
Tracking module (see Figures 1, 2). It will enable the following:
(i) We will determine which of the parameters (as in the tables
in Figures 5, 7) evaluate and assess the session progress and
outcome. That is, we shall identify “behavioral markers,” such
as those portraying change. We may thus be able to reveal
significant markers (via data mining, for example) that are
universal, or at least common to many clients or to some
specific groups thereof, such as age group, gender, and illness.
This is also true for the quantitative identification of “turning
points” or “moments of change” and their causality (Greenberg,
1994; Bell, 2002; Holmqvist et al., 2017). (ii) The demographic
investigations described earlier constitute one phase in a
broader investigation for discovering additional differences in
the dynamics of image and auditory creation. Factors such as
ethno-cultural characteristics, illness, and disorder type may
account for individual and collective variation in response to
arts intervention. For example, it would be interesting to study
minority ethnic groups (e.g., non-Western) for their image
creation mechanisms portraying internal feelings, such as their
sense of well-being, affiliation, coherence, and civic engagement.
(iii) We also wish to analyze the musical parameters for their
syntax, for example, structure and harmony, and art drawing
for shapes, sizes, level of figurativeness, and abstractedness. (iv)
Eventually, we also aim to optimize arts-based interventions, that
is, to fit the choice of specific art modality according to the client’s
characteristic factors, such as illness or demographics.

Documentation Module
We have enabled the empirical reporting of artistic behavioral
patterns, hoping to devise an appropriate formal language for
depicting the dynamics of the arts-based session. This will
allow session comparison and documentation, as well as the
retrieval and sharing of information. Preliminary graphical
notation exemplification for music therapy sessions can be
found in Figures 8, 9, and in Bergstrom-Nielsen (2009) and
Gilboa and Bensimon (2007). We plan to further develop these,
as well as our textual and visual reports of the dynamics of
art and music making, to yield automated or semi-automated
domain-specific languages. We also plan to use these in real
time throughout the session, as a “dashboard” for the therapist.
Once a formal language is agreed upon and adopted in a
particular domain of activity, it will ease the communication
and understanding between specialists and communities of the
domain’s fields.

We thus believe that the CP may facilitate making significant
progress in scientific and clinical arenas that employ the arts, such
as psychology, healthcare, social work, education, and recreation.
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