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ABSTRACT
In this paper we present the new development of a semi-
autonomous response module for the NOISA system. NOISA
is an interactive music system that predicts performer’s en-
gagement levels, learns from the performer, decides what to
do and does it at the right moment. As an improvement for
the above, we implemented real-time adaptive features that
respond to a detailed monitoring of the performer’s engage-
ment and to overall sonic space, while evaluating the impact
of its actions. Through these new features, the response
module produces meaningful and non-intrusive counter ac-
tions, attempting to deepen and maintain the performer’s
engagement in musical interaction. In a formative study we
compared our designed response module against a random
control system of events, in which the former performed
consistently better than the latter.

Author Keywords
Engaging interaction; semi-autonomous system; musical in-
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ACM Classification
H.5.2 User Interfaces Interaction styles; H.5.5 Sound and
Music Computing: Systems

1. INTRODUCTION
In real-world interactions, with the exception of those ac-
tivities that are largely an accidental accumulation of ex-
perience and arbitrary re-actions, people do perform skilled
tasks in the way musicians have always done; mastering the
control of their actions, applying a systematic approach to
their activities, not drifting in lack of interest but recog-
nising self-integration as a result of their actions. In our
current line of research, we want to assist these people in
the music domain with an interactive system that produces
meaningful counter-actions, attempting to deepen and main-
tain the performer’s engagement with a new interface for
musical expression (Figure 1).

In the work we present here, we focus on a new develop-
ment of our interactive music system; the Network of Intel-
ligent Sonic Agents, NOISA, that predicts the performer’s
engagement levels, learns from the performer, decides what
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to do and does it at the right moment [14]. Addressing the
limitations of previous implementation of NOISA [13], we
designed and implemented real-time adaptive features that
respond to a more detailed monitoring of the performer’s
engagement at each time, while evaluating the impact of its
actions. Our main contribution in this paper is the auto-
matic response-behaviour of the system and the formative
user-test study. The major development has been on the
sound design, gesture comparison and the audio analysis
features of the response module. In a user test study, we
focused on these main features to understand how expert
musicians would perceive and experience the designed re-
sponse module in comparison to random responses.

Figure 1: Expert musician and NOISA Instruments

2. RELATED WORK
In regard of developing a supporting response module and
generating real-time collaboration between interactive sys-
tems and performers, references include Sarkar’s [12] efforts
to build a synthetic performer that acts simultaneously with
live musicians and whose actions cannot be distinguished
from human musical expression. Sarkar describes a three-
step method to achieve such results in a designed system
comprising the following order; an analysis of the overall
soundscape, organisation of responses categorised by sonic
characteristics, and further improvement of the system’s
musicianship by the usage of potential adaptive and learnt
response mechanisms. Similarly, further advantages of real
time spectral analysis for selecting more suitable responses
to a determined input have also been explored previously
in a live musical context [16].

On the same vein, Ramalho et al. introduce an intelligent
jazz player agent [11], in which they integrate three main
modules that reflect the division of the agent’s tasks; the lis-
tener, reasoner and executor. In the chain of execution, the
system feeds the performer’s resulting response back into
the agent’s input in order to influence on choices regard-
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ing what to play next. One important characteristic of the
system is the re-utilisation of musical fragments. The mu-
sical fragments are recognised as stylistic alternatives and
the system retrieves them back by following predetermined
musical rules. These musical rules can be seen in depth
in previous research on interaction within musical impro-
visation context; such as Hudak’s and Berger’s model [10],
which is based on describing hierarchies and interaction be-
tween performers and feedback.

On the other hand, considering the multiple definitions
and applications of the concept of “agent”, the research of
multi-agent networks in music shows different branches of
development; from attempts towards gaining independence
from the composer [6, 8], to collaborative approaches for
autonomous, non-deterministic music composition [5], in-
cluding directed improvisation [9], interactive installations
[4] and interactive music systems [15]. To articulate the
supportive and non-intrusive actions, it is equally impor-
tant to consider the notion of replacing adaptive buttons or
default values in an interactive system in favour of a better-
performing algorithm that can accurately predict the user’s
next action [7]. We incorporated these ideas into our work
to implement a better performing response module that is
capable to provide meaningful and non-intrusive responses
to the performer’s actions in a real time music performance.

3. NOISA RESPONSE MODULE
NOISA, the Network of Intelligent Sonic Agents is a dis-
tributed musical system designed to provide the performer
with autonomous supporting counter-actions. As these re-
sponses are correlated to the estimated engagement and pre-
vious / current actions of the performer, the main premise
of NOISA is, then, attempting to maintain a high engage-
ment level by proposing musically interesting events when
the performer is losing interest or motivation.

Figure 2: NOISA Instrument and the system set-
up, example of one box containing an agent

Our presented approach functions in two different stages;
engagement prediction and response module. The engage-
ment prediction is based on our previously developed “sub-
jective engagement sampling method”(SESM) [13, 14], which
estimates a person’s engagement in real-time by monitoring
movements, facial expressions and control actions. The re-
sponse module uses the predicted engagement as an input.
It produces aesthetically desired and complementary musi-
cal responses when required by the main premise of NOISA,
making the responses specially tailored for that particular
musical interaction. Overall, NOISA consists of three in-
struments, central computer, Microsoft Kinect 2 and a Myo
armband (see Figure 2). In our current research, the main

development has been the re-construction of the response
module, being as well the main contribution for this paper.

3.1 Sound Design
In the NOISA project, music space has emerged as a criti-
cal factor for encouraging high levels of engagement during
sustained amounts of time. Therefore, we have redesigned
sonic characteristics of the instruments, using sample-based,
frequency-tuned granular synthesis and phase vocoder algo-
rithms. As the physical design of each instrument requires
two hands to operate, sound producing actions formed a
multilayer sound interaction in capacity of guaranteeing the
production of complex sonic textures from a simple ges-
ture input. Regarding the granular synthesis, the left han-
dle modifies the playback speed of every individual grain,
with a proportional wet/dry control of an spectral reverber-
ation effect. In the phase vocoder algorithm, the same slider
rewinds and triggers the speed parameter, having as a final
result a different proportion of time compression/stretching.
In both algorithms, the left handler duplicates the modified
signal and manipulates the tape head rotation frequency
emulator of a pitch shifter device. Satisfactory and encour-
aging sound results, even in standalone mode, were consid-
ered in the design process as prerequisite for engagement.

The physicality of the instrument also played a signifi-
cant role in the sound design process. We considered the
physical properties of the instrument for the potential na-
ture of the sound production events. The result of such
discussion shaped the final envelope behaviour; as the han-
dlers approach the box, sharp and shorter attacks appear in
contrast to achieve maximum opposite position, which gen-
erates an evolving and rich sustained texture for an indefi-
nite period of time. In addition, we implemented a feature
for turning off each instrument by setting both handlers in
minimum position i.e. silence, so any automatic responses
are avoided for the specific instrument in which the “off”
gesture is performed.

The control events of the two handlers were inspired in the
roles present when performing a string instrument; one hand
is in charge of sound production and the other one is respon-
sible for manipulating the produced sounds. In NOISA, the
left-handler activates the digital audio processes and the
right-handler replicates the previous resulting signal. It fea-
tures as an extra pitch shifter with tone transportation that
is equivalent to the position of the right handler. The inter-
vals that are generated from the relationship of the original
signal and the shifted copy, contribute to the richness of the
instrument’s overall sound production. The inclusion of the
Myo armband is also a powerful new resource for musical
expression. We implemented a dynamic control with three
levels of volume through the EMG data that the system
receives from the performer’s arm.

Lastly, as the system is fully built upon sample-based au-
dio synthesis processes, it is worth to mention the source
material that we used for each of the sound producing algo-
rithms. After many tests, we achieved the most satisfactory
aesthetic results by transforming fragments from pieces of
the classical music repertoire; Modest Mussourgky’s Pic-
tures of an Exhibition in its transcription for Solo Guitar,
Johann Sebastian Bach’s Partita in A minor BWV 1013 for
Solo Flute and Eugene Ysaye’s Sonata No. 3 Op. 27 for Solo
Violin were the final choices for each of the instruments.

3.2 Non-intrusive Counter-actions
Each one of the NOISA instrument features a sonic agent
inside it. In NOISA, we refer sonic agent as an entity re-
sponsible for learning and reproducing relevant actions in
the right timing, with the ability to monitor its surround-
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ing musical space, user actions and performer engagement;
altogether forming an intelligent network [13].

The agents are built to act towards supporting a mu-
sic performance by providing responses without intruding
into the overall soundscape. The agents’ responses were re-
designed to encourage and maintain the communication and
engagement of the performer with the system. In previous
research we discovered the risk of breaking the flow of a per-
formance while including autonomous responses. “When”
and “how” to react to the actions of the performer appeared
as crucial questions in our research. In our current con-
tribution, we addressed “how” by aiming towards obtaining
an even texture in all frequencies of the audible spectrum
through real-time analysis of the overall sonic space and set-
ting a principle of complementarity rules for the responses.
The system learns from the performer’s actions by record-
ing a series of gestures and labels them with the analysed
sound properties, which allows NOISA to pick the most ap-
propriate gesture for a particular moment.

“When to react” was addressed by using the predicted en-
gagement level to set up the probability of the automatic re-
sponses. In our previous research [13] we also found out that
when a person is not engaged, the actions during the perfor-
mance would be relatively meaningless and unfocused. On
the contrary, in the moment when a performer is achieving
a high level of engagement, the performer produces highly
precised, controlled and focused actions, which result in no
need for further encouragement coming from the interac-
tive system. Bearing that in mind, we designed an active
deterministic behaviour; when the player is not engaged,
the system stimulates further attentive creative activity. In
contrast, NOISA produces only occasional and merely sup-
porting responses once the performer is deeply engaged.

3.2.1 Gesture Comparison
As the possibilities for control actions with two handlers
are relatively limited, we elaborated a portfolio of aesthet-
ically effective two second-long movements. We translated
these actions into rules in order to define what a gesture is
within our system (see Figure 3). Once the performer has
trespassed the high third of engagement, the performer’s
gestures are recorded in compliance with these rules. After-
wards, the gestures are labelled with handle data, current
predicted engagement and audio properties of the event. As
they are stored in a real-time database, the foreseen prob-
lem of segmenting the gestures from a stream of continuous
data appeared. We tackled this problem by designing an
interaction logic where the right handle would perform a
dominant function - i.e. triggering a gesture recording event
along with a first excitation signal. After this initial event is
completed, the system applies a comparison with the rules
extracted from the chart. In NOISA, a gesture recording
is finalised in two different scenarios; once the sound fades
and once a new gesture begins with a new signal excitation,
meaning that gestures can have variable length.

3.2.2 Audio Analysis
Each gesture is labelled with three timbral features that
are the results of a real time sound analysis. The monitored
sound features are spectral centroid, spectral smoothness and
energy. Spectral centroid describes where the centre of the
spectral mass is in frequency domain. It is an ideal indica-
tor for an appropriate potential response in terms of spec-
tral complementarity i.e. contrasting frequencies generate
balance in the overall spectrum.

Spectral smoothness gives an overall idea of the noise con-
tent that is present in the spectrum. It provides the system
an ability of responding with inverse timbral characteris-

Figure 3: Gesture catalogue showcasing the possi-
bilities of effective musical interaction. Each gesture
requires both hands starting simultaneously. Every
graph opposes position (Y) and time (X).

tics and generating an aesthetically desired contrast. Fi-
nally, energy is measured in decibels. It is used to keep the
gain levels of the system’s potential responses always below
the decibel measure of the performer’s performance, guar-
anteeing non-intrusiveness. As these descriptors are time-
variant, the features are calculated as an average over the
total length of a gesture. For obtaining the analysis indi-
cators, we used a custom modular patch in PureData com-
posed of objects from the flib library [3].

4. USER STUDY
Since our main contribution is the response module, we eval-
uated its effect on a performer’s engagement by comparing it
against a system producing random responses in a user test
study. The main expectation was that our response mod-
ule, coupled with the engagement prediction, should pro-
duce meaningful and interesting events that would improve
the engagement and establish a musical dialogue. Further-
more, we were also interested in how NOISA is perceived in
overall with AttrakDiff [1], a widely used validated test de-
signed to evaluate interactive systems. AttrakDiff consists
of 28 Likert-scale questions, measuring diverse dimensions
of a system.

We invited eight expert musicians aged 25-50 to take part
in the study. The sessions had an approximate length of 45
minutes, taking place in a room with acoustic treatment
and isolation from exterior noises. The NOISA instruments
were placed in a row on top of a table. The study consisted
of an exploration phase, a task comprising the performance
of a musical piece with the designed system (NOISA) and
again with the random system (RANDOM), questionnaires
and an interview. The musicians were able to freely play
with the three NOISA instruments during the familiarisa-
tion phase. The questionnaires were completed in after each
performance task and the interview was held at the end of
the study. The order of the two systems were randomised
and the musicians were not informed about the order nor
they were informed on how the system operates. The ran-
dom responses were generated with a random interval of 3-7
seconds and the responses were linear sequences of numbers
that resembled the automatically recorded gestures. During
the interviews, the conversation was steered in such a way
to get more insight in musicians’ responses to AttrakDiff
questionnaire and in their more detailed descriptions and
comparisons of system responses in both conditions.
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The musical piece that the musicians were asked to per-
form had a broad structure with an approximate requested
length of three minutes. The musicians had to start quietly
with a specific NOISA instrument that was positioned on
the edge and were asked to play increasingly loud with the
middle instrument until they reached the musical climax on
the third instrument. After a climatic section, they would
move back to the first instrument, play softer, sporadically
and then finish the piece. All the performances were video-
taped, and the interviews were audio recorded.

4.1 Results
4.1.1 AttrakDiff

The musicians indicated their perception of each system
by pairing opposite adjectives in AttrakDiff questionnaires.
The results were obtained by evaluating the following indi-
cators: Pragmatic Quality (PQ), it describes rate of success
to achieve their goals with the system; Hedonic Quality -
Stimulation (HQ-S), it refers to aesthetic pleasure; Hedonic
Quality - Identity (HQ-I), it indicates level of identification
with the system; and Attractiveness (ATT), a global value
of the system based on quality perception.

Figure 4: Diagram of average values per category

We analysed both the portfolio of results for NOISA and
RANDOM conditions, as well as for the diagram of aver-
age values (see Figure 4). Both the pragmatic and hedonic
quality results are higher in NOISA than in RANDOM.
The confidence interval for pragmatic quality of NOISA is
smaller than for RANDOM. In the same way, the confidence
interval for hedonic quality of RANDOM is smaller than for
NOISA. In both cases, there is a probability of incidental
fluctuation greater than 5 percent in the the identity and
stimulation aspects of hedonic quality, meaning that are
considered not statistically significant (see Figure 4).

In terms of mean values of the word pairs used for eval-
uation (see Figure 5), there are several extreme values to
be noted. In particular, the word pairs “technical - human”,
“confusing - clearly structured”, “unruly - manageable”, “iso-
lating - connective”, “alienating - integrating” and “discour-
aging - motivating” showcase a difference of 1 point or more
in a scale from -3 to 3.

4.1.2 Engagement levels
According to the monitored engagement values, the nor-
malised mean engagement was improved for the NOISA
system in all occasions, except for musician 1 and 7, with
negative difference of -0.0024 and -0.0744 respectively. On
the other spectrum, musicians 3 and 5 featured a prominent
improvement in engagement when using NOISA system.

In percentile values, NOISA improved the engagement
10.79 percent in average for all musicians in comparison to
RANDOM. The two more pronounced cases were musician

Figure 5: Mean values of the Attrakdiff word pairs
for RANDOM and NOISA (designed)

3 (see Figure 7), with an average improvement of 46.64 per-
cent, and musician 5 with an overall improvement of 31.4
percent. In the specific case of musician 3, the engagement
average for the designed system was 0.6891, among the val-
ues relative to “High Engagement”, while the average for
the RANDOM was 0.2227, within the range of the “Low
Engagement” category. The engagement over time graph
for musician 7 (see Figure 6) demonstrates an example of
a case where the designed system response impacted nega-
tively towards the overall measured engagement values. In
the latter case, the designed NOISA achieved an engage-
ment average of 0.2738, while RANDOM had an average of
0.3482 for the whole performance. Both values are ranked
among the “Low Engagement” category.

Figure 6: Engagement evolution over time for mu-
sician 7 - NOISA (Dotted dark) and RANDOM
(Straight bright)

4.1.3 Analysis of interviews
The nature of our user study, with AttrakDiff multiple rate
comparison and open-ended questions in interviews, guided
us to apply thematic analytic method for analysis. The the-
matic analysis method focuses on identifying patterns and
themes within data and has been used as a qualitative anal-
ysis method in the field of psychology [2]. With this method,
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Figure 7: Engagement evolution over time for mu-
sician 3 - NOISA (Dotted dark) and RANDOM
(Straight bright) comparison

we could be able to identify a certain thematic framework,
informed by qualitative responses in the interviews.

After the transcription of the interviews and familiaris-
ing ourselves with the qualitative data, we have identified
recurrence of certain issues in the interviews. More intel-
ligent, interact more with what you are doing, more con-
nected, learnt faster and better, unexpected actions, guided
by the system, interrupting, playing with “someone”, unpre-
dictable, more human, etc. are the issues emerged from the
participants. Looking at how these issues are related to
the practice of our system in both conditions of the study,
led us to identify higher-level themes: Human-like realness;
confused, intelligent and learnt behaviour; and complexity
in ambition & simplicity in interaction.

4.1.4 Emerging themes
We can view the individual responses to the interview ques-
tions through these higher-level themes;

Human-like Realness reflects the range of responses mu-
sicians gave to questions of their overall impression of the
system and brief comparison of both tasks. Human-like Re-
alness was often articulated through the responses about
intrusive differences based on experience:

“(NOISA) seems more connected, and (RANDOM) more
inconsistent. The latter seems that you are not playing with
‘someone’, but with ‘something’ instead.” (#6)

“Also there was a lot more input from the system in the
second one (RANDOM), so the second one was much more
strongly guided by the system rather than me guiding it. The
shape I had in mind was helped by the first one (NOISA),
and contradicted by the second one.” (#8)

The second main theme, Confused, Intelligent and Learnt
Behaviour, was not a specific question in the interview but
emerged as a relevant theme in responses musicians gave to
a series of questions concerning whether or not the system
has provided intruding and unexpected responses.

“It was interrupting what I was doing. (...) Number 2
(NOISA) the instruments learnt faster and better from me
than in Number 1 (RANDOM)” (#6)

“It is my first impression, as I would feel better if I could
spend more time. I was more confused with the second one
(RANDOM)” (#5)

“Yes, although the idea of a task made it a bit more con-
fusing for me. For the way the system looks and operates
invites you to freely improvise, so concentrating in changing
from one to another in the task was a bit of a distraction
for me. However, the first one (NOISA) responded much
better.” (#7)

There were also a number of responses that link the way
the response module reacted under both conditions to the
inconsistency or consistency, intelligent and informed be-
haviour or something that has short-lived interest by virtue
only of novelty.

“First one (RANDOM) made me feel like ‘trying to’, but
the second one (NOISA) was ‘knowing’ what it was doing.”
(#6)

“I think the second one (NOISA) gave me more ideas.
The first one (RANDOM) I don’t remember interacting as
much, I did what I planned to do, and the second one didn’t
allow me to proceed, but I worked around this input.” (#8)

The last theme, Complexity in Ambition & Simplicity in
Interaction, is not related to the task description itself but
emerged as a theme regarding to the system behaviour un-
der both conditions. Complexity & simplicity is hinted with
musicians’ responses varying from what they would be eager
to do with the system’s responses to their own actions:

“It is very easy coming with a sound with this instrument.
You can learn how to control the sound morphology (...)
Anyway, you can control the colour of the sound, but that
seems to be easier in number 2 (NOISA). I don’t know why,
but they seem to interact more with what you are doing,
when you leave them alone they are more vivid.” (#7)

“It is kind of a mixture of complexity and simplicity. Com-
plexity in the ambition, definitely sort of signifies that it can
be much more complex, or a draft of more complex, but then
this particular thing (instruments) is quite simple. You have
the prediction of something more complex by the fact that
the system tracks your system, but the operation itself is not
complex at all.” (#6)

“In terms of processing I think is nice and simple, you
understand how it works, it gives enough range to be inter-
esting without complicating things too much.” (#8)

5. DISCUSSION AND CONCLUSIONS
Results show that the designed system performed consis-
tently better than the random response test module in re-
gard of the pragmatic quality, hedonic quality - stimula-
tion, hedonic quality - identity and attractiveness features.
Even though we obtained a probability of incidental fluc-
tuation greater than 5 percent for the portfolio of results,
the description of word-pairs show a significant difference
in key parameters for our research. Particularly the word
pairs that are used for the evaluation of how automatic re-
sponses are perceived in both systems, indicate that the
designed network of agents pretend to help the performer
non-intrusively in a way that resembles another human per-
former. Identifying NOISA as more “human”, “manage-
able”, “integrating” and “connective” in opposition with the
random counterpart, states that our research has achieved
effective results in terms of the adaptive learning cycle re-
garding the level of predicted engagement. This is also evi-
dent in the analysis of the qualitative data that we collected
during our user studies. The main thematic themes demon-
strate how the musicians perceived the differences between
RANDOM and NOISA responses through their interactions
with the system. Similar to our AttrakDiff findings, the
perceived interaction leaned towards associating NOISA ac-
tions as human-like responses. We attribute this to the fact
that NOISA established a communication with musicians
more in line with the characteristics of their actions in a
situated context, which also prompted them to be more en-
gaged in their own actions.
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In regard to the engagement levels, obtaining an aver-
age improvement of 10.79 percent, or 0.1079 in our scale
from 0 to 1 is considered a success. Even though the ex-
pert musicians came from different musical backgrounds, we
managed to maintain and improve their levels of engage-
ment. The NOISA system presents a unified and particular
musical identity prone to different perceptions depending
on the musician’s personal taste. The examples of sharp
high engagement improvement in opposition to no cases of
significant decrease make us to believe that a greater dif-
ferentiation could be obtained if the number of musicians
evaluated were higher.

On the other hand, eventual short sudden peaks of en-
gagement changes were registered in the engagement-over-
time comparison graphs. This phenomenon normally could
be attributed to momentary lost of user tracking, suggesting
that a calibration system may be developed further to cope
with possible noise in the data. From the examples where
our NOISA system impacted negatively in the overall en-
gagement in comparison with the random response module,
it is evident that the irruption of sudden high / low states
of engagement complies with a non-realistic user behaviour
according to our previous studies. In contrast, the data
provided for musician 3 in Figure 7 shows predominantly
gradual changes and oscillating ranges in consistent cate-
gories of engagement. These results indicate that the pre-
diction module tracked steadily the musician’s movements
and consequent engagement level. Therefore, further work
is necessary to ensure highly precise engagement prediction
without interruption.

Further on, after reviewing the musicians’ comments, it
can be argued that before any attempt to design an interac-
tive system with capabilities to organise given actions upon
an increasing engaging basis, it is required an understand-
ing of the basic facts concerning the context in which the
interaction is situated. These facts appeared in our higher-
level themes; human-like realness - confused, intelligent &
learnt behaviour - complexity in ambition & simplicity in
interaction come together as related main factors linked to
interaction, becoming points of discussion within the results
of our high level thematic analysis.

While these aspects have been explored in other interac-
tive systems, NOISA provides a basis for an input-output
responsiveness model approach within a composite engag-
ing activity. It is certainly not intended here to correlate all
the engaging interaction methods into one system. What
we hoped to accomplish in the NOISA project was the de-
scription of an approach based on engagement prediction
as well as a response module for designing an interactive
music system. Our approach and the system were found to
encourage the exploration of new ideas, while providing an
interactive and engaging experience:

“There was a huge difference between both systems. In
both occasion it seems to interact with what you’re doing,
although it seems more intelligent or connected in number 2
(NOISA). I like how sound is treated, really long sustained
sounds, but you can change that in the way you operate the
boxes.” (#7)

Through these new features in response module, NOISA
has significantly added to the interaction aspects of its do-
main. Motivated by the results obtained in the present
study regarding engaging interaction for music performance,
we acknowledge the potential of further applications of the
NOISA system to investigate similar engagement-monitoring
techniques in a broader scope of skilled, potentially-mentally-
absorbing actions, such as handwork and crafting, or more
mundane chores and homework that entail a considerable

array of skilled and mentally-demanding actions.
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