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Abstract: This paper aims to expand the research on ecological synthesis models (KELLER, 1999) through the inclu-
sion of improvisation practice. We propose a formalization of creative processes in sonic improvisatory-compositio-
nal environments (targeting comprovisation), based on ecologically grounded creative practices. Our approach en-
tails the use of socio-ecological models that deal with complex adaptive systems [SIBERTIN et al., 2011]. We develo-
ped a performance/experiment called The Maxwell Demon, as a case study. The observations done during the study 
indicate that imitation is an important strategy for creative activities in socio-ecological systems. Improvisation may 
provide a relevant sonic content in ecological environments, enhancing their flexibility without losing consistency.
Keywords: Comprovisation; Socio-Ecological System; Performance/Experiment

O Demônio de Maxwell: uma proposta de Modelagem em Síntese Ecológica em Práticas Artísticas
Resumo: Este artigo procura expandir as pesquisas a respeito dos modelos de síntese ecológica (KELLER, 1999) atra-
vés da inclusão da prática de improvisação. Propomos uma formalização dos processos criativos em ambientes so-
noros improvisatórios-composicionais (objetivando a comprovisação), baseada em práticas criativas ecologicamen-
te fundamentadas. Nossa abordagem implica o uso de modelos sócio-ecológicos que lidam com sistemas complexos 
adaptativos [SIBERTIN et al., 2011]. Como estudo de caso, desenvolvemos uma performance/experimento intitulada 
The Maxwell Demon. As observações realizadas durante o estudo indicam que a imitação é uma estratégia importan-
te para as atividades criativas em sistemas sócio-ecológicos. A improvisação pode prover conteúdo sonoro relevante 
em ambientes ecológicos, aumentando sua flexibilidade sem perder consistência.
Palavras-chave: Comprovisação; Sistema Sócio-Ecológico; Performance/Experimento

Introduction

This work deals with ecologically grounded creative practice targeting both com-
position and sonic improvisation (comprovisation). We take as reference complex adaptive 
systems due to the large number of variables involved in creative musical activities. The use 
of adaptive systems in artistic dynamically changing contexts are usually approached from 
a modeling perspective (BARREIRO; KELLER, 2010). Models can be employed to determi-
ne the qualitative aspects of socio-ecological dynamics (SIBERTIN-BLANC et al., 2011). We 
discuss the alignments and deviations of the socio-ecological proposal with current eco-
compositional and comprovisational practices. To account for the improvisatory elements 
involved in ecologically grounded creative practice, we expand the ecocompositional ap-
proach laid out by Keller (1999) with a Proposal of Ecological Synthesis Models (PESM). So-
cio-ecological models were developed to design performances/experiments1, usually descri-
bed as case studies. A study features analytical notes on the creative processes, the interac-
tion strategies, the types of agents and the production of resources. We model, test a obser-
ve the outcomes of the PESM in a performance/experiment that uses ecologically grounded 
comprovisation, The Maxwell Demon (TMD).

1) Socio-Ecological Systems

Socio-ecological systems are characterized by self-organization and distributed 
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control. In socio-ecological systems, social and ecological processes interact at various tem-
poral levels. Models usually encompass multiple agents, each one with diverse and contras-
ting objectives which can be observed at various spatial and temporal levels (REED, 2008; 
PAHL-WOSTL, 2007; GIAMPIETRO, 2002). These multiple levels entail emergent structu-
res and functionalities. According to Sibertin-Blanc et al. (2011), a socio-ecological system 
includes entities and processes, together with relationships between the entities2. The rela-
tionships among the entities yield instances of entities, which are resources that may appe-
ar or may be discarded over time as the state of the system changes. Entities are characteri-
zed by properties whose values represent an instance3. There are two types of relationships 
among entities: 1. structural relationships - directly associated to the entities; 2. non-struc-
tural relationships - created as a result of the agents’ actions. The dynamic character of a 
socio-ecological system involves processes that may evolve either toward orderly or toward 
disorganized conditions, impacting both the internal (cognitive) and the external (material) 
processes. To assess these processes, it is necessary to consider the interactions between the 
socio-ecological system and the environment.

The concept of activity proposed by Sibertin-Blanc et al. (2011) may help to explain 
human behaviors within the context of comprovisational practices. The instances of enti-
ties help to define either the lack of significance or the relevance of the resources within 
the sonic activity, leading to higher or to lower creative potentials. Exchanges of instances 
of entities4 (including material and cognitive resources) do not occur in isolation. Creative 
factors tend to influence each other. For example, the choice of a material resource is direc-
tly linked to a cognitive or a behavioral state (implying a subsequent change in the socio-
-ecological  system). These choices impact the behaviors of the stakeholders. In turn, each 
aesthetic choice may be perceived as positive or negative, thus influencing whether a sha-
red resource will be developed and integrated into a creative product or whether it will be 
ignored by the stakeholders.

Fig. 1: A model of socio-ecological systems proposed by Sibertin-Blanc et al. (2011).
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A close look at the model proposed by Sibertin-Blanc et al. unveils alignments and 
deviations from ecologically grounded models applied in music making (DI SCIPIO, 2014; 
FERRAZ; KELLER, 2014; KELLER et al., 2014). Figure 2 highlights the commonalities of 
both approaches. Eco-based models encompass resources (1), activities (2) and by-products 
(3). These elements are shared by both frameworks (despite some differences in terminolo-
gy). Resources are consumed during the execution of activities, thus yielding by-products 
(entities in Sibertin-Blanc ś nomenclature). A key contribution of eco-based practices is a 
raised awareness of the mutual relationships among the agents behaviors and  the material 
resources. This is usually expressed by feedback paths linking the agent’s actions and the 
environmental impacts. The implication being that resources are not just consumed, they 
are also produced by the agents. This feature is lacking in Sibertin-Blanc ś model. Further-
more, recent eco-based proposals have stressed the long-term impact of creative activities 
on the environment - most notably through the incorporation of sustainable support strate-
gies. This is usually represented by a separation of three different types of byproducts: cre-
ative products, new resources and creative waste. Creative waste encompasses byproducts 
that are not incorporated in the final creative results (FERRAZ; KELLER, 2014). These by-
products may be used by the same stakeholders in other activities or may be employed by 
other agents through sharing. Nevertheless, the rejected material outcomes also have the 
potential to accumulate with harmful effects on the local environment.

Fig 2. Establishing conceptual parallels between Sibertin-Blanc and coauthors´ model (2011) and the ecocompositional 
proposals (KELLER, 1999; KELLER; CAPASSO, 2006; KELLER et al., 2014).

Approaching socio-ecological systems from an ecocompositional perspective may 
foster viable methodological formulations for artistic goals. Sibertin-Blanc et. al (2011) de-
velop a scheme that explains how certain behaviors are linked to actions and entities. In-
teractions among agents are at the core of the creative activity. Their model proposes beha-
viors capable of influencing other agents’ actions. The system entities can be understood as 
material and cognitive resources, resulting from interactions among agents. Their features 
are aligned with collective musical activities in which the material resources include the  
tools, while the cognitive resources are the mechanisms by which the agents interpret and 
manipulate their environment. Just like in previous ecologically oriented proposals (BURT-
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NER, 2005; KELLER, 2000; KELLER; CAPASSO, 2006), the authors argue that
ecological and social processes provide grounding for cognitive processes, exter-

nalized as activity. For Sibertin-Blanc et. al (2011), activities target objectives while shaping 
the behaviors of the agents. Through mutual influences, the agents tend to project goals 
that may become targets of the creative endeavors. Both material and cognitive resources 
are usually discovered through activities involving cycles of actions, dismissals or rewards.

The concept of activity in ecologically grounded musical practices contributes wi-
th the expansion of the available creative strategies. Adopting the framework laid out by 
Basanta (2010), Di Scipio (2008) and Keller and Capasso (2006), the use of the term activity 
as proposed by Sibertin-Blanc can be questioned. The assumption that the agents’ activities 
imply simple and clear goals corresponds to a problem-oriented view of social interactions - 
defined as teleological by Fantauzzacoffin and Rogers (2013). Behaviors associated with the 
achievement of goals by a single agent provide just one possible line of inquiry. Creative ac-
tivities encompass a wide range of actions that aim to increase the knowledge of the resour-
ces. No effective creative outcome can be achieved without a previous acquaintance with 
the materials. This procedural path is better described as exploratory or epistemic activi-
ty (KELLER et al. 2014; KIRSCH; MAGLIO, 1994). Furthermore, musical activities involve 
actions that may yield rejections or rewards. When dealing with collective composing and 
improvising, material resources - entailing material and behavioral choices - usually result 
from complex interactions. Hence, creative decision-making relies on multiple factors that 
unfold during the interactions among the stakeholders. For example, an agent can be biased 
toward a specific goal through multiple exposures to a recurring event. Alternatively, based 
on previous interactions with other agents while exchanging resources, she may decide to 
forage for new material resources.

The concept of creative sonic potential5 can be employed when a sonic feature stan-
ds out from a sound mass, leading to actions that impact the sonic organization. Part of the 
decision-making processes are due to the imitation of the material resources produced and 
developed during the performance by other agents. High levels of creative potential are ea-
sily measurable because it is possible to point out when (time) and who (which agent) pro-
duced a resource that enables imitation, repetition or transformation by other agents. High 
creative potentials may be associated with rational choices on the part of the agents (based 
on explicit knowledge), intuitive decisions (based on tacit knowledge) or unpredictable ac-
tions (due to the influence of random factors). When dealing with sound masses, creative 
sonic potentials may change due to processes involving imitation of resources produced by 
other agents or due to mimesis of the agent’s own previous behaviors targeting states of sta-
sis (involving small changes in parameters such as pitch or rhythm, for example). High cre-
ative potentials are characterized by cyclical processes which are usually easy to recogni-
ze. These processes can be observed through their impact on the masses of sound but they 
are hard to analyze through the agents’ objectives or goals. The relevance factor is also di-
rectly related to the manipulation of the material resources. If the material resources be-
come more organized,  they tend to be more relevant to the agents participating in the cre-
ative activity. Material resources may become stable when they are consistently relevant. 
However, some material resources may eventually be discarded due to a loss of relevance.

Ecological Synthesis Models (PESM)

The ecological approach is based on the premise that all sonic models should be 
restricted to ecologically feasible events (KELLER, 1999; KELLER, 2000; KELLER; CAPAS-
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SO, 2006). Ecological validity is defined by observations of interactions occurring in the 
environment, i.e. by data of interactions among agents and objects. The individual’s actions 
on the environment and the influence of the environment on the individual determine a 
process ofpattern formation. This process can be modeled by algorithmic tools (KELLER, 
1999: p. 23). Keller ś (1999) ecological modeling conceptualizes the creative use of environ-
mental sounds, employing spatial locations consistent with the sound sources behaviors 
and applying ecologically viable sonic transformations. Keller (1999) argues that synthesi-
zed sounds can expand the compositional resources without compromising the meaning of 
the sonic events, hence providing unique opportunities for creative action. The author puts 
forth two techniques to enhance the creative possibilities in ecologically based scenarios: 
1) Generic Physical Models, 2) Control of Meso-Level Granular Sample Sets (see KELLER, 
1999 for a detailed description). The ecological approach stresses the usage of the material 
resources, adopting multiple creative paths: 1) local environments yield resources whe-
re the agents carry out their activities; 2) synthesized environments incorporate resources 
through digital audio processing; 3) meta-soundscapes encompass resources originated bo-
th from local and from remote environments (ALIEL; FORNARI, 2013). Other materials re-
sult from the interactions among human beings, encompassing at least two strategies: 1) ex-
ploratory activity:  the agent’s  ability  to  discover  material  resources  while  interacting  
with  the environment,  with  other  agents  or  with  gelassenheit6    entities;  and  2)  episte-
mic  activity: empirical knowledge construction through the production of creative cogniti-
ve resources (KELLER et al., 2010; KIRSCH; MAGLIO, 1994).

The difference between exploratory and epistemic activity is subtle but significant 
for creative endeavors. Both activities are tied to the exploration of the environment. Ne-
vertheless, while exploratory (or foraging) actions produce material resources that can be 
employed for creative purposes, epistemic actions only increase the cognitive potential for 
creative outcomes without yielding material byproducts. Hence, epistemic activity furni-
shes only cognitive resources, while exploratory activity provides both material and cogni-
tive resources. The PESM has the function of expanding the range of compositional strate-
gies (in this case also of improvisation). In the case of exploratory activities, the stakehol-
ders’ actions aim to discover material resources through exploration of the environment. 
These processes can involve imitation and trial and error. Whether the resources are reu-
sed or discarded, the agents’ actions yield knowledge that is directly applied in the creati-
ve outcome. Epistemic activities encompass actions that may involve deduction, induction, 
imitation and exploration through trial and error. These activities do not occur in isolation, 
they complement each other making the process dynamic, iterative and difficult to measu-
re. Given this context, the cognitive resources - or instances of entities (SIBERTIN-BLANC 
et al., 2011) - may not be stable for a sufficient period to allow evaluation or measurement.

4. Comprovisation in PESM

The practice of comprovisation is an artistic strategy encompassing a mix of mu-
sical composition and musical improvisation. The term comprovisation has no consensual 
definition and its origins can be traced back to the improvisatory proposals of the sixties - 
including but not limited to artistic groups such as the Scratch Orchestra and the ensemble 
Musica Elettronica Viva (CARDEW, 1969; CURRAN; TEITELBAUM, 1989). Current com-
provisational approaches are documented in Fujak (2011), Hannan (2006), Bhagwati (2014), 
Dudas (2010) and Aliel et al. (in press). We describe the key features of each perspective.

Fujak (2011) proposes a broad definition of comprovisation with the purpose of 
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emancipating and legitimizing the artistic practices being carried out in the Slavic Region. 
For this group of artists, comprovisation can be understood as an aesthetic stance involving 
two aspects.

1.	 A transparent principle that articulates contemporary art in analogy with life 
situations as a result of what is rigorously planned and what is subject to unpre-
dictable changes. Artists are expected to respond operationally and creatively 
to these challenges;

2.	 A conscious choice of compositional processes encompassing situated antece-
dents, principles, guidelines and improvisation within the context of contem-
porary musical intertextuality based on technological resources.

Hannan (2006) suggests that although there are random and intuitive elements in 
previous musical practices, the practice of comprovisation entails a new compositional ap-
proach. He lists three strategies that characterize comprovisation.

1.	 The adoption of intentionality as a basis for sonic organizational processes;
2.	 The adoption of a research methodology: a comprovisation project should make 

the choices and the structural relationships between movements, sections and 
phrases explicit.

3.	 The use of sonic materials recorded from instrumental improvisations.
Bhagwati (2014) proposes a “notation perspective” of comprovisation, which ser-

ves to structure the explicit and reproducible elements (composition) and the contingencies 
(improvisation) in his proposal. He states that comprovisational practices are conceptually 
opposed to what he calls the “central hearing perspective”7. For Bhagwati, comprovisation 
practices encompass four modalities.

1.	 “Free” forms, featuring organic growth or gradual disintegration;
2.	 Use of notation techniques to support for structural heterarchies or hierarchies 

(deterministic composition) within open structures (improvisation);
3.	 Practices that allow horizontal layerings of sound events (polyphonic textures);
4.	 Elaboration of structural flowcharts featuring multiple levels, which can result 

in diverse forms of participation by the musicians;
Dudas (2010) highlights the technological factors featured in comprovisation and 

proposes two strategies to integrate these resources.
1.	 Computer support, including the aesthetics related to interactive art stemming 

from the acoustic-instrumental tradition;
2.	 Improvisation with technological tools to create pre-compositional materials;
Aliel et al. (in press) suggest that the ecological perspectives may provide a  signifi-

cant contribution to comprovisational practices. They propose three strategies.
1.	 Adoption of procedures that present guideline plans (planned actions) and con-

tingencies (actions that can not be defined before their execution);
2.	 Allow intentional actions during a performance (choice of improvised actions);
3.	 Introduce stochastic sonic organizations by means of electronic/digital or acous-

tic resources;
From an ecological perspective on comprovisation (ALIEL et al., 2017), creative ac-

tions are carried out through guideline plans (composition) and contingencies (improvisa-
tion) keeping a tight relationship between the source materials and the environmental fe-
atures. The creative factor place (RHODES, 1961) provides the milieu where the actions, 
interactions, reactions and divergencies among the stakeholders occur. In comprovisation, 
the guideline plans establish persistent rules of sonic  organization (impacting mass and 
form), of resource usage (impacting the procedures adopted by the agents), while contingen-
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cies deal with the use of volatile resources. A recent example of a comprovisational study is 
Citations~ (ALIEL et al., 2015). Citations~ features live electronics and voice. The piece is 
structured to encourage multiple interactions among the agents while targeting the poten-
tialities of the environmental resources. Citations~ includes a guideline plan and a process 
of accumulation of multiple sonic layers8 (ALIEL et al., 2015; BHAGWATI, 2014; KELLER, 
2000). The procedure consist of adding layers of material resources (through looping of voi-
ce sounds and electronic processing), aiming to obtain a sonic ecosystem through feedback 
processes (see also Audible Ecosystemics - DI SCIPIO, 2003). Recordings of multiple perfor-
mances are added as sonic layers while digital audio processing modifies the acoustic sour-
ces. The sonic outcome avoids the auditory recognition of the original sources.

5. Case study The Maxwell Demon: Materials and Methods

5.1 Proposal

The Maxwell’s Demon (TMD) is a comprovisation inspired by James Clerk Maxwell’s 
1871 experiment. In Maxwell’s mental experiment, the imaginary entity (demon) produces 
actions capable of separating molecules at different stages of temperature (which in our re-
ality is impractical, but viable from a theoretical physics perspective), producing a condi-
tion conflicting with the second law of thermodynamics, that proposes that environments 
with varying temperatures tend to balance due to entropy. Maxwell’s mental experiment 
can be represented as a box with a divider placed in the middle, separating it two compart-
ments, left and right. This partition has a door that can be opened and closed by an imagi-
nary being, called Maxwell’s Demon. The demon only allows the fastest molecules to flow 
to one side of the chamber. Only the slower molecules flow to the other side, gradually cau-
sing one side to warm up, while the other remains cool.

TMD proposes an artistic metaphor focused on sound (rather than thermodyna-
mics)  to simulate an imaginary being - a stochastic algorithm - that seeks to control the so-
nic outcome to increase or reduce its entropy. Conceptually, we treat automated stochastic 
algorithms as gelassenheit entities [HEIDEGGER, 1985; KOUTSOMICHALIS, 2011]. The ge-
lassenheit or demon entity provides stochastic modifications of the sonic content without 
requiring bio-agents interventions. A gelassenheit entity has an “independence”9 in time 
and space. Its dynamics are established by stochastic processes. Since a gelassenheit entity 
produces sonic results that use the material resources produced by the agents, this seems 
to be analogous to Maxwell’s imaginary entity. This is a non-biological agent capable of in-
fluencing the system’s properties. The difference between an imaginary entity (as an agent) 
and the biological agents is the interference of interactive actions. While the biological 
agents yield cognitive resources that can change the behaviors, a gelassenheit entity is go-
verned by automated mathematical calculations ignoring the behaviors of the other agents. 
Biological agents may be influenced by the content generated by the machine possibly lea-
ding to a more organized system - featuring diversity of material resources through a higher 
level of pregnancy. Although each agent contained in this environment has a range of crea-
tive sonic potentials, the gelassenheit (pregnancy, dynamic or material resources) enforces 
the selection of specific material resources. Even within a highly entropic environment, the 
macro organization may be influenced by the entity.

5.2 Design/Implementation - Guidelines Plan and Contingency

5.2.1 Materials and equipment: A computer running the TMD algorithm is connected to 
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four loudspeakers. The loudspeakers are placed at the four corners of the studio where the 
performance/experiment takes place. All participants (musicians and non-musicians) are 
given a mobile phone with a Pure Data (PD) (PUCKETTE, 1997) patch adapted for MobMu-
Plat (IGLESIAS, 2016).

Fig. 3. Interface of the The Maxwell Demon mobile patch.

5.2.2 Tools: We designed a tool capable of producing sounds, with the following charac-
teristics: 1) easy to manipulate; 2) accessible to all agents (through deployment on mobile 
platforms based on Android and IOS systems). The mobile screen features four rectangles 
that act as controllers of additive synthesis oscillators (figure 2). Simultaneous control of 
up to four banks of oscillators is possible. Four FM synthesis oscillators feature control pa-
rameters for frequency, duration and delay. Random processes are triggered by tapping the 
phone’s screen and can be turned on and off at any time. The frequencies vary from 220 
Hertz to 1320 Hertz. Frequency increments are associated with gestures from left to right. 
Beside each rectangle there are three oscillators switches (on/off buttons) and two envelope 
controllers. One defines attack, decay, sustain and release of short envelopes and  the other 
sets the parameters of long envelopes. The left button at the top of the screen controls a sto-
chastic algorithm driving all the oscillators frequencies. This triggers random changes in 
each oscillator. The remaining three buttons apply delay on the sound sources. From left to 
right, the delay durations are 150 ms., 300 ms. and 750 ms.

We also developed a Pure Data patch (figure 3) that runs on a desktop computer 
with similar features as the algorithms for the mobiles. This patch features four oscillators 
that drive additive amplitude (AM) synthesis algorithms. Each oscillator has three parame-
ters that modify the amplitude of the wave. The oscillators are controlled by a random algo-
rithm, which allows variations between 50 hz and 2000 hz. A dynamic envelope controller 
(ADSR) sets attack, decay, sustain and release of the sonic events. This envelope algorithm 
is also stochastically controlled yielding a variety of attack,decay and sustain profiles. All 
sound sources are processed, including high-pass filtering, delay and reverberation. Delay 
durations vary randomly between no delay and 5000 ms. 



ALIEL, L.; KELLER, D.; COSTA, R. The Maxwell Demon: a Proposal for Modeling in Ecological Synthesis in Art Practices
Revista Música Hodie, Goiânia, V.18 - n.1, 2018, p. 103-116

111111

Fig. 4. Pure Data patch interface on a desktop computer used in The Maxwell Demon.

5.2.3 Sonic materials. We use an emulated bell (based on FM) that plays at the beginning of 
the performance/experiment. The session ends when the bell is heard again. This sound is 
triggered by a PD patch. The entire performance takes seven minutes. Part of the sonic con-
tent that occurs between the ringing of the bells features contingencies resulting from inte-
ractions and sound discovery. Location and participants. The experiment was performed in 
a small-sized studio of approximately 10x07 meters. Having Maxwell’s procedures as ins-
piration, we selected two types of participants, some with musical training and some with 
little or no previous music knowledge (five musicians and two non-musicians). All partici-
pants had college education. Non-musicians possessed familiarity with basic musical con-
cepts but had no formal training. Among the non-musicians, there were three women - ages 
25, 32 and 35. The musicians were four men, ages 26 to 58 and one woman (22 years old), 
with music training and previous musical experience varying from 10 to 30 years.

5.2.4 Procedures. Procedurally, TMD is a comprovisation (ALIEL et al., in press]. We adopt 
a socio-ecological approach highlighting interactions among the agents and the algorithms. 
The performance/experience is guided by the definition a scenario (SIBERTIN-BLANC., 
2011), featuring a seven-minute comprovisation with mobile devices. We created a guide-
line plan to indicate which events would be designed (composed resources), leaving other 
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aspects to occur freely (improvised resources or contingencies). The guidelines given to the 
agents are: “move through the space and use the devices to produce sounds”. The partici-
pants move freely within the performance space. After ringing the bell, the computer trig-
gers the preset parameters defining the number of oscillators, the choice of pitches, dyna-
mics, durations and controlling the audio processing (delay settings). Therefore, the tech-
nological support for the performance/sound experiment is fully automated. At the second 
ringing of the bell, the session finalizes.

5.2.5 Assessment. Data was collected through interviews with the participants, on-site ob-
servations and analysis of audio and video recordings. The observations include: 1) initial 
state of the entities; 2) creative processes dynamics; and 3) impact of external processes on 
entities. The integrated assessment of the scenarios was performed by analyzing the mate-
rials derived from the performance/experience and from the analysis of the initial and fi-
nal states of the entities. The objective was to assess the interactions among the agents, ob-
serving the usage of the resources and the behavioral effects of the socio-ecological system.

6. Results of The Maxwell Demon case study

6.1 Contingencies. We consider interactions and behaviors leading to sound discovery as 
sources of contingencies. Much of the material produced in the TMD sessions is rarely re-
peated, providing conditions for high creative potentials. The sounds produced by the al-
gorithms are dynamically related to the actions of the agents. Nevertheless, a gelassenheit 
entity produces sound content that may or may not be imitated by or contrasted with the 
outcomes produced directly by the agents. In this sense, this guideline is analogous to 
Maxwell’s imaginary entity.

6.2 Musical expertise. Although there were disparities of musical knowledge among the 
agents, all showed similar technical ability while trying to produce sounds. We observed 
similarities in the three performances/experiments, featuring intense agent interactions. 
The exchanges encompassed algorithms x agents, agents x agents and agents x environmen-
tal resources.

6.3 Imitation. We observed that a large part of the interaction process was driven by imi-
tation (a strategy pointed out by Mannis, 2014). Changes of processing types and dynamic 
modification of parameters were predominant. In general, there was a prevalence of imita-
tion of processes suggested by the musicians, but contents proposed by non-musicians we-
re also present.

7. Implications of the PESM in Comprovisation

7.1 Socio-ecological systems. By introducing ecologically grounded sound synthesis strate-
gies in improvised contexts, unique conditions are created for each performance. The per-
formance/experiment  TMD  integrates  the electronic sound sources into socially dynamic 
forms  of  interaction,  thus  approaching  the  complexity  of  biophonic10   ecologies.  Being 
a comprovisational method, the PESM features material resources that can be used either 
as guidelines or as contingencies. When applying ecological synthesis and modeling strate-
gies within socio-ecological systems, the aesthetic decisions may follow deterministic rules 
(through compositional plans) or adopt procedures based on contingencies (through impro-
visation). By adding resources based on sound synthesis and audio processing that depend 
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on the agent’s actions, both the material and the cognitive resources are directly  linked to 
the dynamics of the socio-ecological system.

Exploratory behavior. Previous case studies (ALIEL et al., in press) indicate that 
the generation, maintenance and disappearance of sound material in improvised ecologi-
cal contexts, while closely related to the creative potential supported by exploratory and by 
epistemic actions (KELLER et al., 2010), are enhanced by the agents’ knowledge of the ma-
terial resources. In TMD, we adopted similar protocols to previous studies but provided a 
stronger procedural path through the introduction of the PESM.

•	 Behaviors. The agents explored various material resources involving multiple 
forms of interaction. Their mobility - in addition to the low dynamic range of 
the sounds produced by the mobile devices - fostered a dynamic and highly 
concentrated sonic result in which the focus of attention changed constantly.

•	 Discovering the tools and the materials. The agents discovered material resour-
ces through their actions (initially, they had little familiarity with the tools). 
Since the participants must learn the operation of the tools while producing 
the sound, this demand set cognitive challenges that limit their opportunities 
to produce new material resources.

•	 Technical level of the agents. Although there were various levels of musical trai-
ning among the stakeholders, the lack of specific technical knowledge of the 
tools enforced similar levels of creative potential, encouraging exploratory ac-
tions by all the participants.

•	 Exploration through gestures. This strategy entailed the use of imitation as a re-
source for material generation. While associated to exploratory activity, it pro-
duced a large quantity of material resources with a low index of creative poten-
tial;

•	 Exploration of environmental features. This strategy was associated with the di-
rect use of material resources of the environment for the production of new aes-
thetic outcomes. In this case, the quality and quantity of the material resources 
was determined by the creative potential furnished by the environment.

Final Considerations

Taking into account Sibertin’s and coauthors’ socio-ecological approach and ecolo-
gically grounded creative practices (KELLER, 1999), we elaborated a Proposal for Ecological 
Synthesis Models (PESM). While expanding the range of ecocompositional applications, we 
investigated the possibility to include improvisation in creative sonic ecologies. The PESM 
was applied in a case study, The Maxwell Demon. The TMD experiment aimed to investigate 
the integration of electronic sounds in ecological environments while encouraging interac-
tions between the agents and the machines. Three experimental sessions were carried out 
with the objective of collecting information on the agents’ behaviors, on the sonic resources 
and on the technological support. These observations yielded strategies applicable to ecolo-
gically grounded artistic works targeting both musicians and non-musicians.

Based on the observed outcomes, we conclude that the exploratory and epistemic 
activities are closely related to the available material resources. While the exploratory ac-
tions may yield new material and cognitive resources, through constant exchanges betwe-
en the stakeholders the epistemic actions focus on the management of the cognitive strate-
gies without introducing new material resources. Despite their differences, these activities 
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are not dissociated. Tools and resources are incorporated by the agents in the face of neces-
sity. As pointed out by Sibertin-Blanc et al. (2011), decision making depends on the restric-
tions and on the opportunities afforded by adapted behaviors (see introduction).

Among the limitations of the study, we can mention the absence of a structured 
musical product (thus, it is not possible to literally replicate the outcomes in other occa-
sions). Another limitation was the use of a controlled environment (the studio) reducing the 
range of contingencies (within the context of TMD these contingencies were termed Gelas-
senheit). with a broader range of agents (of different ages and previous experiences). Ano-
ther factor that could be investigated further is the role of musical training. Musicians and 
untrained agents could be engaged to compare procedures and types of solutions by groups 
with different profiles. It is reasonable to claim that applications involving different profiles 
of agents in less restricted environments could lead to a larger variety of outcomes. Despi-
te these shortcomings, the results of this exploratory study indicate a fruitful path to artis-
tic strategies to be added to the growing body of ecologically grounded creative practices.

Notes

1	 Experiments developed to assess artistic results qualitatively or quantitatively
2	  See also relational properties, recently proposed in (Keller et al., 2015). [
3	 This term comes from computer science. The concept of instance corresponds to the existence of an object that 

shares some characteristics with another item or object. For example: despite some singularities (type of instru-
ments, technical training, sonic preferences, etc.), all musicians have similar characteristics to other individuals 
of the same class (such as their musical training encompassing domain-specific knowledge.

4	  Imminence of the observation of an entity.
5	 Sonic pregnancy has also been used by some authors. For the sake of simplicity and to avoid the profusion of ter-

ms, we stick to the standard usage of creative potential.
6	  There are pure environmental contingencies that can not be quantitatively measured or evaluated because their 

measurement involves errors or indeterminacy. The concept of sonic gelassenheit indicates the ability to descri-
be a specific quality of a sound mass (HEIDEGGER, 1985; KOUTSOMICHALIS, 2011). It can only be experien-
ced subjectively.

7	 A closely related criticism has been articulated within the context of ecologically grounded creative practice (BO-
WN et al., 2009; KELLER, 2000; KELLER; LAZZARINI, 2017). The acoustic-instrumental paradigm adopts 
instrumentally oriented concepts - such as the orchestra, the traditional notation systems or the virtuosic perfor-
mance - as measures of effective support provided by digital musical interaction designs. Ecological approaches 
strive to provide a wider perspective on design, applicable both to professional and everyday creative practices.

8	 From an ecocompositional perspective, the use of accumulation is associated with sonic material resources crea-
ted by adding layers of material, yielding sound textures (KELLER, 2000; KELLER et al. 2002).

9	  We use the term “independence” in the sense that actions are not fully controlled by the biological agents.
10	 Animal sound sources
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