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THE INFLUENCE OF PERCEPTUAL ATTACK TIMES IN  
NETWORKED MUSIC PERFORMANCE 

ÁLVARO BARBOSA1, AND JOÃO CORDEIRO1 

1 Research Center for Science and Technology of the Arts (CITAR), Catholic University - Oporto, Portugal 
{abarbosa;jccordeiro}@porto.ucp.pt 

It is well known that Latency has a highly disrupting influence in music performance, affecting musicians individually 
on their own acoustic feedback and collectively at the overall musical response. In musical communication over the 
Internet one of the most promising approaches, to minimize the constraints caused by extreme latencies, is to adapt the 
musical practices to perceptual audio features that influence the latency threshold tolerated by musicians. According to 
the information extracted from these descriptors, it is possible to shape the musical language at the compositional stage 
or at the performative level. Research has previously been conducted exploring the relationship between this threshold 
and features such as the musical Tempo and Loudness. Nevertheless, further studies remains to be done, particularly 
concerning the ability to synchronize delayed performances for different expressive musical qualities related with 
performing technique at the level of individual notes. This paper presents a pilot study that suggests a better tolerance to 
communication latency, for musical pieces based on notes performed with slow attack sounds. 

INTRODUCTION 
With the advent of Internet computing and the 
possibility of ubiquitous long distance acoustic 
communication, the prospect of geographically 
displaced musical performance became available to a 
worldwide community. 
However, in global networks communication Latency 
(net-delay) is extreme and causes a highly disrupting 
effect in remote musical performances, especially in 
more traditional musical forms, which are mostly driven 
by rhythm and melody involving very tight 
synchronicity, to achieve a desirable real-time 
awareness of musical acoustics. 
In fact, requirements for networked musical 
performance imply latency thresholds that are amongst 
the most demanding in Computer Supported 
Collaborative Work (CSCW), providing a leading 
framework of critical research for this particular field of 
Computer Science. 

1 LATENCY THRESHOLDS AS A FUNCTION 
OF MUSICAL FETURES 

While in a vocal conversation it is possible to maintain 
it even with one-way delays of up to 500 ms [1], when 
trying to perform any sort of rhythmical piece on 
gestural based musical instruments, the communication 
delay threshold, that allows musicians to maintain a 
synchronized and smooth musical interaction, reduces 
drastically to the order of tens of milliseconds, as 
reported on a number of experimental studies conducted 
since 2002: [2] [3] [4] [5] [6] [7] [8]. 

These studies, attempt to determine the Ensemble 
Performance Threshold (EPT), “the level of delay at 
which effective real-time musical collaboration shifts 
from possible to impossible” [2], and consistently the 
results fall within the range 20 to 40 ms. 
Yet, the EPT is usually determined based on 
experimental setups that focus on latency variations, 
maintaining fixed values in other musical features. 
Moreover, in each study the EPT has been determined 
for particular performative conditions, without 
introducing significant variations in other musical 
facets, such as: 

• The music expressive qualities (Dynamics 
and Articulation) 

• The music style (rhythm, melody, harmony) 
• The music perceptual qualities (pitch, 

texture, timbre) 
• The music structure/form 
• The musician’s experience and practicing 

strategies 
• Complementary feed-back modalities 

(visual, tactile) 
• The listening conditions 

In this sense, further research is necessary in order to 
determine if the established EPT range (20 to 40 ms) 
changes according to different perceptual audio 
features, which are fundamental to the music 
performance.  
In particular, this paper presents a study on the influence 
in EPT of very specific audio feature - attack time -. 
This results builds upon recent studies by the authors, 
and other researchers, that have explored in EPT of 
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