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Figure 1 shows a pair of works from these new styles, the first example is a work by Steve 
Reich, "Sextet" [2], framed within the minimalism and the second example is a sample of the 
new complexity, "String quartet number 3” by Brian Ferneyhough [3]. This figure is a sample of 
the new parameters cited above, that causes listening problems in a standard auditorium, as 
the one studied and analyzed in this paper. 
Along with the proliferation of styles have appeared a number of performers and groups 
specializing in new techniques (extended techniques) that have expanded production methods 
and sound generation. The new technical virtuosity and extended techniques have caused that 
traditional instruments have expanded its usual limits of sound production and are now able to 
generate sounds in new forms and concepts. 
Moreover, as discussed above, most of the concerts of new music are performed in traditional 
venues, where often the new sonorities are lost. All these styles have been produced and are 
being presented in the Auditorio 400 of Madrid. The characteristics of these styles cause that 
the acoustical problems at the auditorium become more pronounced. These problems are 
related to the high reverberation time of the enclosure and its inadequate distribution in 
frequency and the inhomogeneous distribution of sound pressure level in the room [4]. 

 The average reverberation time measured in the Auditorio 400 is 1,84s. This value is 
too high according its volume (about 4000m3) and especially if the hall is used for 
chamber music concerts and for lectures. 

 The distribution of reverberation time vs frequency is not adequate. It does not follow 
the flat graphic profile recommended. The measured graphic at Auditorio 400 has a 
medium frequency enhancement; in fact, at 2 kHz the reverberation time values 2,36s. 
This implies some problems with the parameter of warmth inside the place. 

 The sound pressure levels are not homogenous over the hall, mainly at low 
frequencies; it has been measured differences of 10dBs between the maximum and the 
minimum values. 

These aspects (reverberation time and sound pressure level) involve specific problems of 
loudness, clarity, masking etc. In this way, it should be noted that the auditorium designed by 
Jean Nouvel, is particularly sensitive to changes in texture and movement of sound masses, 
both in instrumental and in electronic music. These aspects are valid with natural acoustic 
sound and with electronic dissemination through speakers.  
Besides objective measures presented in other article in Evora 2012, the authors have lead 
several subjective tests, with listeners in front of different music situation and with the 
composition of a poll, from a model obtained from IRCAM, which was sent to people with 
different background. 
To better understand subjective information collected on sound conditions of Auditorio 400 of 
the Museo Reina Sofia in Madrid, the information is structured in a series of tables. 
All the data showed below have been collected from: 

 Professional opinions of people intimately related to the activities on the premises. 
 Several visits to the room in order to analyzed different events offered in it. 
 A poll about the acoustics of the hall drawn up with people of different occupations with 

varied activities. 
The first set of tables, table 1, intended to assess clarity of the sound in the room to the different 
families of instruments and voice, The analysis is based on instrumental register, low, mid and 
high frequencies, and the speed of execution, fast or slow, indicating in which situations there 
are problems with clarity. 
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slow ‐‐‐‐  

mid 
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Table 1. Assessment of the sound clarity of different types of musical instruments according to 
the register and the speed. 

 

Table 2 indicates several problems identified in the Auditorio 400, depending on the 
configuration and arrangement of the different instruments and a possible amplification. It has a 
color associated with each type of problem and the instrument or combination of instruments 
that may appear reflected this problem, thus it can be analyzed the results in a faster and more 
intuitive way. 
 
 

MASKING PROBLEMS IN INSTRUMENTS 

Piano 
Low register  Masking of strings 

Slow speed Problems in high frequencies 

Flute /Clarinet Masking of strings 

Instrument in the same register  ‐‐‐‐ 

Instrument in different register  Register Masking 

PROBLEMS IN INSTRUMENTAL GROUPS 

Chamber music 

Instruments together Absence of clarity 

Solo instruments  ---- 

Instrument in the same register  ---- 

Instrument in different register  Register Masking 

TYPE OF ARTICULATION 
Continuous sounds Absence of clarity and spatiality 

Stacatto sounds ---- 

PROBLEMS WITH THE AMPLIFICATION 

Amplification 

Instrumental music 

Vibrations problems in string 

Problems of phase and spatiality 

Problems of phase and spatiality 

Voice 
Problems of resonance 

Problems of phase and spatiality 
 

Table 2. Different problems at Auditorio 400 depending on the instruments configuration. 
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4. CONCLUSIONS 
 

New music from the twentieth and twenty first century have brought a new way of writing and 
producing instrumental and electronic music, all of this leads to a new mode of listening that 
causes a novel way to deal with the acoustic design of a hall. This implies the design of new 
spaces devoted almost exclusively to this type of music. However, a space dedicates only and 
exclusively for this kind of music could generate economic and logistical problems. 
Consequently, the music must be presented at venues already designed for other types of 
music and in spaces that must adapt to new requirements. 
The music produced by electronic means requires very high quality speakers. Beside, in music 
that combines instruments and amplification, the difference of sound fidelity should be minimal. 
Sound pressure levels on stage sources and sound pressure levels sources through speakers 
should be appropriate. 
As discussed in this paper, the music of recent years is characterized by extreme dissonance, 
very sharp sound planes, high complicated rhythms, with clear and haunting sequences, 
specific resonances, and a new way to produce sound even with traditional instruments. 
Specifically, in electronic music all of these aspects are present; in consequence the acoustic 
quality of the concert hall should be maximum for a perfect musical clarity and definition. 
The Auditorio 400, object of this paper, presents different types of events. It has different 
problems depending on the class of message offered on it. To solve these difficulties, a first 
option would be a good equalization of the signal and the use of loudspeakers with variable 
directivity. Although the best option would come from the facilities that variable acoustic offers to 
us. This allows changing the acoustic parameters of the hall, adapting the hall to the type of act 
developed inside it. 
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