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ABSTRACT 
Interdisciplinary scientific research leads to the necessity 
of developing both new instruments for empirical 
assessment as well as flexible data processing methods. 
Music cognition is an interdisciplinary research field that 
studies the cognitive foundations of the musical 
phenomenon and its consequences. Research in music 
cognition requires both the creative use of already 
existing research tools and methodologies as well as the 
creation of new research tools corresponding to a 
specifically interdisciplinary approach. Both Max and the 
open-source counterpart Pure Data offer the potential of 
developing a flexible platform for the creation of IT tools 
specific to the musical cognition research. This paper 
proposes a range of solutions for creating new 
instruments for research in music cognition using Max or 
Pure Data as a development environment. 

Keywords 
music cognition, research tools, interdisciplinary, inter-
university, data processing, sound processing, video 
processing, transversal competencies, peripherals, max 
msp jitter, pure data. 

INTRODUCTION 
Music cognition is a field of interdisciplinary research 
studying the neuro-anatomical and cognitive foundations 
of the musical phenomenon both from a cognitive-
educational, functional and practical standpoint as well as 
its cognitive, neuro-anatomical, physiological, psycho-
somatic and educational consequences. Therefore, music 
cognition lies at the confluence of well-established 
domains of sciences and humanities such as music, music 
theory, musicology, music therapy, psychology, 
neuroscience, biology, linguistics, applied mathematics 
and information technology, which have a variety of tools 
specialized for theoretical and practical research. 
Access to interdisciplinary research tools is limited by 
specific factors such as applicability, feasibility, 
availability and cost of access and operation. Creating 
and using specialized research instruments is directly 
determined by the need to exercise maximum accurate 
control of the research and evaluation variables in order 
to achieve relevant results and also with regard to 
possible reiterations or improvements of the same 
experiment. 
An important class of instruments for music cognition 
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umentelor 
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clasificate aici cu indexul P: portabil). Acestea pot servi 

e cercetare a 

 

atare, de standardizare la nivel industrial. Standardizarea 

datelor de cercetare, calculul statistic al erorilor de 
ntrolul variabilelor de experiment. 

INSTRUMENTE NOI DE CERCETARE 

 instrumente noi, 

(clasificate aici cu indexul E: experimentale).  
Un exemplu elocvent ar fi determinarea instrumentelor de 
cercetare necesare pentru studiul efectului stresului 
asupra posturii interpretul

laborator pentru controlul variabilelor de experiment, în 

senzori pe corpul interpretului, necesitatea folosirii unei 
posturi fixe sau rigide, sau modificarea în orice fel a 

fereze cu 

re  

asupra procesului artistic.  

niilor subiectului chestionat.  
În cazuri particulare cum ar fi studiul efectului stresului 

paradigma de 

 

operating and are not portable (ex. CAT Scan and MRI, 
classified here as schedule N, meaning non-portable) but 
have the advantages of non-invasive investigation with 
high accuracy and resolution of data as well as the 
assistance of top-notch technology for research. They 
require professional installation, maintenance and 
operation as well as specialized staff, fixed location and 
special operating and exploitation conditions. In the 
interest of interdisciplinary research, an immediate 
solution for access to these research tools is inter-
university exploitation, while a strategic and long-term 
solution is direct purchase. The latter implies a 
consecrated space and the possibility of providing 
professional operation, maintenance and operation 
experts for the research tools. 
A different class of instruments used in music cognition 
research generally have lower costs of acquisition, 
installation, use, maintenance and operation and have the 
advantage of portability (i.e. ECG, GSR; classified here 
as schedule P, meaning portable). They can serve the 
activities of observation and data acquisition as 
standalone units or in conjunction with other tools or 
means of investigation. They do not replace the specific 
contribution to research of other instruments such as 
those from class N, but can augment it as necessary. 
Specialized tools have a specialized use while at the same 
time limited to the purpose for which they were created. 
Methods for creating these tools ensure passing through 
homologation and calibration processes and, as such, of 
industrial standardization. Standardization is important in 
terms of accuracy of data collection for research, 
statistical calculation of acquisition errors and control of 
the experiment variables. 

NEW RESEARCH INSTRUMENTS 
A special class of investigative tools for research in 
music cognition involves the creative use of specialized 
tools (i.e. classes N and P) and creating new, 
experimental tools for interdisciplinary research 
(classified here as schedule E, meaning experimental). 
An eloquent example would be to determine the research 
tools necessary in order to study the effect of stress on the 
posture of a violin performer under real-time genuine 
artistic performance conditions. One of the classical 
research paradigms requires laboratory conditions in 
order to control the experiment variables, especially if 
such study involves attaching sensors to the body of the 
performer, the need to use a fixed or rigid posture, or 
otherwise modify in any way the parameters of normal 
performance in the interest of research. A pertinent 
observation is that such parameters may interfere with the 
research itself or lead to irrelevant or erroneous results if 
it distracts the performer, creates additional stress due to 
unfamiliar performance conditions, or has an invasive 
and/or modulating effect on the artistic performance. 
A different research paradigm that is not based on real-
time data collection may use questionnaires for statistical 
data processing; however, they are biased due to the
conditions in which the questionnaire is completed and to
the opinions of the respondents. 
In particular cases such as the study of the effect of stress 
on the posture of a violin performer while under genuine 
artistic performance in real-time, the research paradigm 
should be expanded into a three-dimensional space whose 
variables need to be controlled and evaluated empirically, 
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-Haycox and 
Wilson 1992
muzicieni, atât amatori, , 
printr-

tea acesteia. În timp, postura 

e 
morfologic structura sistemului nervos central  (Watson 

 

nervos (Altenmüller & W

pot fi cauza distoniei [focale a mâinii] a condus la 

ce într-un final poate aduce beneficii atât muzicienilor cât 
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Cu cât 
instrument, cu atât mai mare este efectul stresului în ceea 

publicului. Între diferitele clase de instrumente, cele de 
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sunt cele mai afectate de stresul indus prin anxietate de 
p

 
Pentru studiul efectului stresului asupra posturii 

 

rezultatelor. O 

studiul comparat al pattern- le 
diferitelor segmente ale trupului interpretului atât în 

 

ipoteze nule. 
Un asemenea studiu se poate face prin cercetarea unui 

sau colectarea de date specifice de la un grup de 
cazuri se va folosi un material 

 

in real time, in a realistic situation and unaltered 
operating conditions, implying features that surpass the 
capabilities of any single investigative tool generally used 
in research. To conduct such a study, the creative use of 
the current or available investigative tools and/or creating 
new research instruments can become an imperative 
necessity. 

CASE STUDY 
Performance anxiety affects live performers at various 
degrees (Marchant-Haycox and Wilson 1992), it is an 
often incapacitating problem among both amateur and 
professional musicians via a stress-hormone (adrenaline) 
release mechanism (Wilson and Roland 2002), and can 
be treated with cognitive restructuring techniques (Clark 
and Agras 1991). The stress mechanism affects the fine 
motor coordination and leads to poor performing posture 
and movements which in turn affects the quality of 
performance. In time, poor posture may lead to the 
development of specific diseases. Intensive training for 
the acquisition of fine motor coordination skills specific 
to instrumental training modifies cortical maps and "may 
even affect the gross morphology of the central nervous 
system" (Watson 2006). Therefore, there is a causal 
relationship between the acquisition and usage of fine 
motor coordination skills and changes in the structure and 
functionality of the nervous system (Altenmüller & 
Wilfried 2002). Understanding this relationship may lead 
to finding solutions to specific problems, "the realization 
that changes in cortical maps may underlie [focal hand] 
dystonia has led to the development of new approaches to 
its treatment, which may ultimately benefit musicians and 
non-musicians alike" (Watson 2006). 
The more complicated the posture for playing an
instrument, the greater the effect of stress on bodily 
movements during artistic performance, especially in live 
solo conditions for an audience. Among the different 
classes of instruments, the string instruments held in both 
hands such as violin and viola are the most affected by 
performance anxiety-induced stress due to the increased 
difficulty of refined motor coordination required for 
performance and correct posture maintenance. 
In order to study the effect of stress on the posture of a 
violin performer under genuine artistic performance 
conditions, several steps are needed such as specific data 
acquisition, data storage, data processing, data synthesis 
and making the results available. A manner of data 
acquisition approach may be based on the comparative 
study of the motion patterns of different parts of the 

conditions and during artistic performance with audience 
or before a jury. Statistical variance in the level of stress 
in both cases may determine afterwards the confirmation 
or refutation of a null hypothesis. 
Such a study can be done by research on a number of 
different artistic performances of the same artist, or by 
collecting specific data from a group of performers. In 
both cases, an identical musical material must be used for 
all artistic performances. 
Acquisition of real-time data with regard to the violin

of recording specific sets and subsets of complex 
physical movements in three-dimensional space and time. 
These sets may be composed of the set of left hand 
movements with subsets determined by finger movement 
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Studiul pattern-
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-
diferite procedee discutate în continuare. 

planuri de dimensiune (orizontal, vertical ). O 
e 

tridimensionale pot de 
-o 

-  

 date de la antene de tip Wiimote amplasate 

abordare poate studia pattern-
analiza de umbre proiectate în mediu controlat din timpul 

 

uman. 
Indiferent 
specifice tri

 

seturi de date de tip 
folositoare pentru a studia, spre exemplu, maniera în care 

intea 

 

movements of position shifting (both of the wrist and the 
elbow); the set of right hand movements with subsets 
determined by finger movement (both of the variation of 
the physical positioning of fingers on the bow and the 
levels of finger pressure on the strings corresponding to 
the variation in the range of dynamic execution) and of 
the specific string crossing movements (of the wrist, 
elbow, and shoulder); the set of head movements (both 
for the instrumental performance and for maintaining the 
position of the instrument), of the facial features  changes 
or of the body in general with specific subsets aimed at 
real-time balance management and the muscular 
involvement in the expression of affect and emotion, etc. 
To simplify the example, the scientific observation 
variables discussion is reduced to the patterns of right 
hand movement. 
The study of right hand motion patterns takes into 
consideration the sets and subsets of complex movements 
in three-dimensional space and time. Different 
approaches to the specific data acquisition can target 
strategic placement of motion sensors, conductive 
material or specialized emitters on the  arm, 
in conjunction with the acquisition, processing, synthesis 
and interpretation of data provided by sensors or the 
positioning in a spatial matrix determined through 
various methods discussed below. 
For example, the positioning of hand segments in space 
at any given time can be recorded using a GPS-type 
system which acquires data in three dimensions 
(horizontal, vertical, and depth). Another possibility is to 
create a grid-type three-dimensional matrix of light rays 
with a base frequency out of the human visual range and 
the statistical interpretation of sensor  spatial motion by 
analyzing data provided by sensor interference with the 
nodes of the light matrix. 
Three-dimensional movements can also be interpreted on 
the basis of recorded magnetic field interference within a 
predetermined spatial array. In order to acquire specific 
data there is also the possibility to create a virtual space 
with motion sensors that collect data streams from 
Wiimote-type antennas strategically placed on the 

patterns of motion using the analysis of shadows 
projected in a controlled environment during the artistic 
performance, or the decomposition of motion in contour 
paths made through video analysis of movements based 
on point light emitters placed at strategic locations on the 

outside of the human visual range. 
Regardless of the type of specific three-dimensional data 
generation and acquisition, they must be accompanied by 
another set of data which serves to record the evolution 
of movements in time. 
The data thus obtained can be further corroborated with 
EKG and GSR datasets, such information being useful in 
order to study for example how emotion, physical 
movement, heart activity and galvanic skin response is 
modulated in subjects who received stress-management 
training prior to performance with audience. Specific 
sensors that would normally interfere with artistic 
performance can be replaced with wireless versions that 
transmit information remotely to a specialized receptor. 

ENHANCED DATA ACQUISITION 
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n limbaj 
de programare de tip data flow bazat pe inter-conectarea 

-

procesarea de date în timp real sau post-procesare. Scopul 

dezvoltarea sa atât ca API (Application Programming 
-

instrumente create pentru a facilita cercetarea 
l altor 

domenii de cercetare. 

INSTRUMENTE DE CERCETARE 
BAZATE PE MAX 
În studiul de caz prezentat, cercetarea efectului stresului 

prest
tridimensional ale  

evaluate empiric, într-

mai departe cu posibil

audio-video-

 general în 

crearea unui instrument nou de cercetare în care Max are 
un rol central. 

 

The study based on performer movement patterns that 
takes into account the temporal component linked to the 
evolution of a phenomenon over time takes into account 

In this particular case, the motion patterns may suffer 
changes due to the level of the  emotional 
involvement (defined here as the internal environment) or 
the coefficient of reverberation at the place where the 
artistic performance is enacted (defined here as the 
external environment). In this case, the accuracy 
coefficient of the conclusions is directly influenced by 
the number of similar data acquisitions in different 
instances, making possible a statistical calculation of 
motion variations observed in various performances. 
Although these variations are inevitable, they are limited 
to technique and anatomic-physiologic and psychological 
conditions and, as such, they can be analyzed through 
predictive calculus, recorded empirically and statistically 
processed. For example, the length of arm segments, the 
coefficient of joint flexibility and overall muscle tone are 
variables with measurable limits. The average of 
movement variance can serve subsequently for a 
statistical calculation characterized by a much smaller 
margin of error, due to the fact that the initial data 
acquisition reflects more accurately the reality of the 
experiment conditions. 

CYCLING  
Designed by Miller Puckette at IRCAM in the 80s, and 
further developed by the Cycling '74 company, Max is a 
complex digital environment that acts both as a data 
flow-type programming language based on 
interconnecting specialized software objects and a multi-
level interface for both hardware peripherals and real-
time data processing or post-processing. The original 
purpose of its development was aimed at computer-
assisted musical composition, starting with data 
processing and MIDI and further adding subsequent 
modules for digital audio and video processing in MSP 
(Max Sound Processor) and Jitter (video processing). We 
propose that its development both as an API and a multi-
level data processor as well as a flexible interface with 
external peripherals and open-ended architecture makes it 
a suitable environment for the development of 
instruments designed to facilitate interdisciplinary 
research in music cognition and other areas of research. 

MAX-BASED RESEARCH 
INSTRUMENTS 
In the study case presented, the research on the effect of 
stress on the violin performer  posture under genuine 
artistic performance conditions requires data acquisition 
in three-dimensional space whose variables are controlled 
and evaluated empirically, in a genuine situation and 
under unaltered conditions of artistic performance. This 
is further augmented with the possibility of acquisition, 
recording and storing real-time data and possibly real-
time audio-video-kinetic processing for data 
corroboration. In this case, the set of specific 
requirements surpass the capabilities of any single 
investigative instrument used generally in research 
specific to music cognition. The modular architecture and 
native capabilities enable the creation of a new research 
instrument in which Max has a central role. 
All proposed solutions for real-time data acquisition with 

-
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În cazul studiului discutat în acest articol, impactul 

, 

 

dimensional space and time generate several specific data 
streams. Max is able to interface both with sensors as 
well as transmitters and receivers, and acquire real-time 
parallel data from these peripherals using specific objects 
pre-programmed in Max. Furthermore, Max is able to 
record parallel audio and video signals from multiple 
sources synchronously along with the collection of pure 
data from sensor, transmitter or antenna-type peripherals. 
These different types of signals are acquired through 
specific ports pre-programmed as objects in Max. 
Subsequently they are converted into a universal digital-
mathematical language and processed based on a set of 
instructions established by the researcher in the research 
protocol. These instructions are executed by Max through 
specialized software also developed in Max. This 
software can be compiled and run as a stand-alone 
software on any computer with compatible hardware 
configuration and operating system. 
In order to develop such software, the necessary level of 
Max programming knowledge is minimal and can be 
acquired in a single semester of study, within a schedule 
of 8 hours per week, of which 2 hours may be tutorials 
and 6 hours practical applications. 
A simple scheme of a research instrument based on Max 
may consider the following elements: 
Environment  [Data Capture]  [INPUT conversion
processing synthesis OUTPUT]  Environment 
The experiment data in the form of analogue or digital 
signal is captured from the analogue environment 
especially prepared for the experiment using one or more 
of the methods described above. Subsequently data is 
introduced in Max through signal-specific input ports 
[INPUT], converted if necessary (i.e. analogue to digital), 
processed in a unifying language, synthesized and made 
available as data through one or more output ports 
[OUTPUT]. 
The display of data is done electronically on a dedicated 
display or on a TV / LCD-type screen, electronic 
documents, e-mail, Internet (FTP, HTML, SQL), 
automatic storage in an external database or media 
imprint using a printer port or other specialized services. 
The experiment data can also be further communicated 
through a dedicated data port (MIDI) or converted into 
another type of signal such as radio waves and 
communicated at a distance if the research laboratory is 
in a remote location. 
The advantages of such a research instrument are 
multiple and include but are not limited to: significant 
flexibility in application, complete portability, requires
minimal programming knowledge and can be reiterated 
in various circumstances without affecting the quality of 
data acquisition and processing, does not interfere in an 
unnatural way with the experiment and does not 
modulate negatively its progress, etc. 
The counterpart, Pure Data, can be used in a similar 
manner, noting that it requires minimal computing 
resources but slightly more programming knowledge 
compared to Max and is compatible with operating 
systems based on Linux distributions while Max is 
compatible only with Windows and Macintosh operating 
systems. 

THE IMPACT OF RESEARCH 
In the case study discussed in this paper, the impact of 
the research aims at, but is not limited to, providing 



Tehnologii informa  ce şi de comunicaţie în domeniul muzical

49

[ 

si  
- 

 
- Dezvoltarea de tehnici care au ca rezultat o mânuire 

unui ton specific instrumentului, 
 

- Determinarea celor mai bune strategii pedagogice 

specific individuale, bazate pe 
studentului; 
- Determinarea celor mai bune practici care au ca rezultat 

 
- 

 
- Determinarea celor mai bune pract

 
- 

, 
bolilor profesionale specifice, cum ar fi scolioza, cifoza, 
artrita, tendinita, bolile deg
nervoase etc. 

 TRANSVERSALE 
 

cres

stres, atât temporare cât 
gândi

artelor 

similare. 

CONCLUZIE 

inter-

unor instrumente noi de cercetare. Mediul de programare 
Max (MSP/Jitter) are caracteristici speciale precum 

-nivel software-
-video-data); procesare de date 

ezvoltarea 
de instrumente noi de 

 
 

 

Acronime: 
API  Application Programming Interface 

CAT Scan  Computerized Axial Tomography X-ray 
Image 

ECG  Electrocardiogram 

FTP  File Transfer Protocol 

HTML  Hyper Text Markup Language 

GPS  Global Positioning System 

GSR Galvanic Skin Response

 

relevant answers and viable solutions to questions and 
situations related to: 
- Strategic management of stress, performance anxiety 
and stage fright; 
- Development of techniques which result in proper 
instrument handling and tone as well as performance 
habits; 
- Finding the best pedagogical strategies for the 
development of highly efficient and specific individual 
instrumental techniques based on 
anatomical configuration; 
- Determine the best practices which result in 
professional performance; 
- Increase awareness of the importance of cultivating 
effective practice and performance habits; 
- Determine the best performance practice which results 
in proper long-term body functionality and management 
of correct posture and use of the body during 
performance; 
- Development of preventive study, performance and life-
style practices which help avoid the onset of specific 
professional illnesses such as scoliosis, kyphosis, 
arthritis, tendonitis, muscle and nervous system 
degenerative diseases, etc. 

TRANSVERSAL COMPETENCIES 
The impact of research in this particular case represents a 
function that also generates the possibility of developing 
transversal skills. For example, the increased 
competitiveness in the current labour market is directly 
influenced by the ability to manage temporary as well as
prolonged situations of stress at the individual level and 
develop strategic thinking. Such skills directly affect the 
ability to function successfully under pressure. Stress 
management methods developed for performers in the 
arts are transferred directly to a significant number of 
industries and situations that require similar skills. 

CONCLUSION 
Research in music cognition has an interdisciplinary 
nature connecting major fields of education and 
knowledge which can benefit from the creation of new 
research instruments. The Max (MSP / Jitter) 
programming environment has special features such as 
open architecture; multi-level hardware-software and 
AVD (audio-video-data) interfacing; real-time data 
processing; relatively short time for acquiring 
programming knowledge; visual object programming 
with specialized objects and support for continuous 
development. These features make Max a significant IT 
solution for the development of new instruments of 
scientific investigation designed to enable further 
interdisciplinary research in music cognition. 
 
Acronyms: 
API  Application Programming Interface 

CAT Scan  Computerized Axial Tomography X-ray 
ECG  Electrocardiogram 

FTP  File Transfer Protocol 
HTML  Hyper Text Markup Language 

GPS  Global Positioning System 
GSR  Galvanic Skin Response 

IRCAM  Institut de Recherche et Coordination 
Acoustique/Musique 
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IRCAM  Institut de Recherche et Coordination 
Acoustique/Musique 

MIDI  Musical Instrument Digital Interface 

MRI  Magnetic Resonance Imaging 

MSP  Max Sound Processor 

SQL  Structured Query Language 

Wiimote  Wii Remote, motion enabled controller 
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MIDI  Musical Instrument Digital Interface 

MRI  Magnetic Resonance Imaging 
MSP  Max Sound Processor 

SQL  Structured Query Language 
Wiimote  Wii Remote, motion enabled controller 

 




