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ABSTRACT 

An innovative electro-acoustic enhancement system, based on measured high-resolution impulse responses, was 
developed at the Virtual Acoustics Technology (VAT) lab of McGill University and was permanently installed in 
Multi-Media Room, a large rectangular scoring stage. Standard acoustic measures confirmed that the system was 
able to effectively improve room acoustic conditions in both spectral and spatial parameters. Subjective evaluation 
was conducted with twenty professional musicians from five string quartets on three different acoustic conditions. 
Spatial impression, stage support and tonal quality were found to be three most dominant perceptual dimensions, 
while ‘naturalism of reverberation’ was the most salient attribute affecting musicians’ preferences. Results showed a 
strong preference for enhanced acoustics over natural acoustics of the space. 

1. INTRODUCTION 

Due to a growing number of multi-purpose venues 
where more diverse music genres need to be 
accommodated, there has been a strong interest in 
‘active electronic architecture’ produced by active 
acoustic systems. This flexible, cost- and time-effective 
means of altering and improving room acoustics is now 
being widely accepted in new architectural designs [1]. 
 
 

An active acoustic system is able to generate variable 
acoustics by applying an artificial response that can be 
adjusted electronically without the need for physical 
changes required in the case of passive variable 
acoustics [2]. The artificial room acoustic response 
typically consists of reflections and reverberation and 
may include other acoustic features generated by means 
of electro-acoustics and digital signal processing. The 
role of an active acoustic system is to augment the 
existing architectural acoustics by supplying the missing 
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acoustic features that enhance stage acoustics for 
performers and auditorium acoustics for the audience.  
 
Ueno et al. [3] studied the relationship between stage 
acoustics and musicians’ performance. A sound field 
simulation system was applied to two anechoic rooms 
where a chamber music ensemble was playing. 
Interview results with the musicians showed that the 
most important subjective attribute on stage is ease of 
“hearing each other”, which can be achieved through 
enhanced early reflections. The musicians were also 
found to be more sensitive to the magnitude of 
reverberation than reverberation time as it improved 
their ease of “making harmony” within the ensemble. 
Lokki et al. [4] conducted an experiment in a small 
multi-purpose orchestra rehearsal space with two virtual 
acoustics systems simulating a larger concert hall and an 
enhanced acoustics of stage. Objective measurement 
results showed that acoustic parameters were improved 
with the system turned on and musicians’ subjective 
evaluations were quite positive about the virtual 
acoustics system. 
 
When used in recording or live concert scenarios, active 
electronic architecture may improve the performance 
quality by creating a better playing condition for 
musical interpretation from the live interaction between 
music and acoustics. Koto et al. [5][6][7] published a 
series of papers investigating “Musicians’ adjustment of 
performance to room acoustics”. The study found 
significant variations in musicians’ performing style 
under different room acoustic conditions. Observed 
performance parameters were comprehensive including 
tempo, vibrato, sound pressure level, harmonics, 
dynamics, articulation and length of tone/silence.  

A range of active acoustic enhancement systems has 
existed in the marketplace since 1960’s. They share 
some characteristic and technical solutions, and differ in 
others. For a review of these systems, the reader is 
encouraged to read some of the cited publications 
[8][9][10][11][12]. 

2. MCGILL VIRTUAL ACOUSTIC 
TECHNOLOGY LABORATORY 

McGill’s Virtual Acoustic Technology (VAT) offers 
new solutions in the key areas of performance by 
focusing on the electroacoustic coupling between the 
existing room acoustics and the simulation acoustics 
[13]. All control parameters of the active acoustics are 
implemented in the Space Builder engine by employing 

multichannel parallel mixing, routing, and processing 
[14].  
 
The research team at VAT lab has measured high-
resolution room impulse responses of various acoustic 
spaces since 2005. Consisting of 2 sub-woofers, 2 
super-tweeters and many other types of speakers, 
between 8 and 14 loudspeakers are placed in a room to 
generate a slow logarithmic sine sweeps. The acoustic 
responses are then captured in 8-channel surround 
microphone configuration with 2 height channels at 
32bit/96kHz resolution [15]. The virtual acoustic 
response is created using a low-latency hardware 
convolution engine and a three-way temporal 
segmentation of the measured impulse responses. This 
method facilitates a sooner release of the virtual room 
response and its radiation into the surrounding space. 
Field tests are currently underway at McGill University 
involving performing musicians and ensembles in order 
to fully assess and quantify the benefits of this new 
approach in active acoustics.  
 
What follows in this paper is the description of 
subjective and objective evaluations with five 
professional string quartets using the VAT system 
during rehearsals and recording sessions. 

3. THE INSTALLATION SPACE IN THE 
MULTIMEDIA ROOM 

The current 4th generation VAT system has been 
installed in a large space of Multi-Media Room (MMR) 
at the Schulich School of Music of McGill University. 
This scoring stage measuring 80 x 60 x 56 feet has been 
extensively used as a professional recording studio 
hosting various small ensembles as well as large 
symphony orchestras. Since the room is not acoustically 
treated yet, musicians have had issues with hearing each 
other and communicating on stage in the context of 
ensemble. In 2010, the authors reported on experiments 
conducted with two violinists playing duets while at 
different distances from each other to assess the effect 
of enhanced stage support on their hearing ability and 
the performance quality [16]. The 3rd generation VAT 
system used then was providing different levels of early 
reflections and mid and late reverberation into the room, 
and the musicians played the same pieces repeatedly 
with the VAT system switched on and off. Only four 
line-array type full range loudspeakers were used for 
this experiment, and were set up in the horizontal plane  
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Figure 1: McGill Virtual Acoustics System diagram 

at the floor level. The test results clearly showed 
improvement in mutual audibility and rhythmic 
accuracy between two players with the VAT system on. 
The 1st generation VAT system was used in 2009 in an 
acoustically dry laboratory to record live performances 
of Haydn keyboard sonatas in virtual acoustics [17]. 
The 2nd generation system allowed re-creating these 
performances in a large room for a live audience. 

The state-of-the-art 4th generation VAT system uses an 
acoustic coupling of virtual rooms with the actual room 
augmented by omnidirectional radiation pattern 
loudspeakers and quasi-omnidirectional microphones. 
The outcome is an integrated ambient response that 
contains features from simulations and from the 
physical room all blended together by the aural architect 
using the Space Builder. The spherical loudspeakers of 
the McGill Virtual Acoustics Technology system are 
suspended from the motorized pipe grid in the Multi-
Media Room, and can be easily brought down to create 
a virtual performance space having a desired acoustic 
response. In total, 16 custom dodecahedron 
loudspeakers along with 4 sub-woofers are used. Each 
dodecahedron unit encloses 12 full range drivers, which 
means that 192 speaker drivers are projecting acoustic 
responses into the hall (figure 2). The speakers are 
carefully positioned to cover the entire floor area as well 
as the vertical space of the room. They have been 
calibrated with measurement tools and the ears of expert 
sound engineers. 

The 4th generation VAT system provides the following 
features: 

• Uniform distribution of the sound energy within the 
hall in a wide frequency range 

• Minimized system delay providing immediate 
acoustic response to the musicians  

• Ability to control direct, early reflections (ER), mid 
and late reverberation individually 

• Ability to provide direct, ER, mid and late 
reverberation to any location in the hall 

• Stability of the system with low risk of feedback and 
minimal sound coloration 

Eight microphones cover the floor area above musicians 
and the signals are amplified and converted to the 
digital domain at 24bit / 96kHz resolution. Preamplifiers 
and AD converters are located close to the grid to 
minimize the signal loss due to long analog cable paths. 
Converted signals are sent down via MADI to the main 
control unit where all the necessary routings, mixing 
and signal processing are performed. The 24-channels 
of mixed output signals from the control unit are then 
routed to the speakers through dedicated speaker 
processors and power amplifiers. Figure 1 shows the 
detailed signal flow of the VAT system. A wireless 
graphic user interface enables remote adjustment of 
virtual room balance from within the stage or the 
audience area for convenience and optimum results. 

4. EXPERIMENT 

One aurally optimized virtual acoustic scene has been 
prepared for this experiment with three segments (ER, 
mid and late reverberation) of selected IRs from the 
impulse response library. The goal was to create a well-
balanced sound field combining natural and virtual 
acoustics without putting excessive energy into the 
room with the VAT system.  



Ko et al. Evaluation of a New Active Acoustics System
 

AES 132nd Convention, Budapest, Hungary, 2012 April 26–29 
Page 4 of 10 

Three different acoustic conditions were prepared. 
Condition 1 was the natural room itself without the 
VAT system engaged. Condition 2 had a moderate level 
of VAT enhancement added. Condition 3 duplicated the 
Condition 2 except for 3dB boost in late reverberation 
output level. Careful attention was paid to physical level 
and perceptual loudness matching between the three 
different conditions. The level variance was kept well 
under 1dBSPL at all octave band between 125 and 
8000Hz, while subjects still could easily hear the 
changes in acoustical quality between the conditions. 

 

Figure 2: String quartet in Multi-Media Room. 
Dodecahedron speakers are suspended from the grid. 

5. OBJECTIVE EVALUATIONS 

5.1. Measurement Procedure 

Binaural impulse responses were measured in all three 
acoustic conditions using the B&K Head & Torso 
simulator placed 1m away from the center of the 
ensemble. Four ATC SCM25A studio monitor 
loudspeakers were placed at the quartet players’ 
positions. These professional studio monitor speakers 
were chosen to achieve extended frequency range (47Hz 
– 22kHz, -6dB points in free standing) and the lowest 
coloration of the sound in the measurement system. A 
40-second long sine sweep was used as the excitation 
signal and the analysis was done using EASERA, 
Electronic & Acoustic System Evaluation & Response 
Analysis. Except for the IACC (Inter-Aural Cross-
Correlation Coefficient) measures, left and right ear 
signals were averaged before analysis. 

5.2. Results 

As explained in section 4, sound level measure shows 
no significant loudness difference between the three 

conditions. As shown in Table 1, maximum level 
variance is less than 1dBSPL in Both L80 (level within 
the first 80ms) and Ltotal (Integral of level from the 
beginning to the end of impulse response).  
 

 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 

L80 (dB) 0.1 0.2 0.1 0.3 0.4 

Ltotal (dB) 0.3 0.8 0.3 0.7 0.8 

Table 1: Loudness (L80 & Ltotal) variances between 3 
conditions 

Stage support measure ST1 (early) and ST2 (late) 
indicate the degree of room support [18][19]. In this 
experiment, supporting reflections are generated 
naturally by MMR itself as well as by the VAT system. 
The measured ST1 and ST2 results in figure 3 clearly 
show increased stage support when the VAT system is 
turned on. 

 

 

Figure 3: Stage support (ST1 & ST2) measurement 

EDT (Early Decay Time) is generally accepted as a 
reverberation time measure, perceptually more 
appropriate than RT60. As figure 4 shows, the natural 
MMR EDT is about 1.6sec at 1kHz, which is increased 
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to 1.8sec and 2.0sec respectively in conditions 2 and 3 
with the VAT system engaged.  

 

Figure 4: EDT (Early Decay Time) measurement 

C80 (Clarity) is the ratio between the energy of the first 
80ms and thereafter. It shows the balance between 
direct sound and reverberance in a room. With the VAT 
system engaged, clarity measures in figure 5 are slightly 
decreased due to the extended reverberation time. 

 

Figure 5: C80 (Clarity) measurement 

IACC (Inter-aural Cross-correlation Coefficient) is 
measured using a dummy head and torso. It shows the 
degree of similarity in signals received by the left 
channel and the right channel. IACCfull measures the 
overall duration of the data set contained in the binaural 
impulse response. The measure is highly correlated with 
the apparent source width (ASW), which is related to 
the listener envelopment [20]. Figure 6 shows that the 
VAT system improves the aspects of spaciousness by 
slightly decreasing the IACC value. 

 

Figure 6: IACC (Inter-Aural Cross-Correlation 
Coefficient) measurement 

6. SUBJECTIVE EVALUATIONS 

6.1. Procedure 

The purpose of the study was to measure the perceptual 
impact of virtual acoustics in musical performance and 
to correlate this with the physical measurements, which 
were presented in section 5. 

Five professional string quartets (20 musicians in total) 
were invited to provide subjective evaluation of the 
system. The musicians averaged 21 years of formal 
music training and they have been playing together as a 
quartet for many years. Each quartet chose a short 
classical piece that they felt confident playing 
repeatedly without making mistakes. They were asked 
to play the piece in all 3 conditions, which were not 
randomized but ordered with increasing reverberation 
time. 

After performing in each acoustic condition, the 
musicians were instructed to evaluate their experiences 
using a set of 11 questions, summarized in table 2. 
These questions, collected from previous studies, have 
been widely accepted in subjective evaluations of 
acoustic spaces [21]. Participants gave answers with an 
x-mark on a continuous scale between 1 and 5, 
according to their judgment. 1 means “least so” (e.g., 
“Difficult” for questions 1 – 4) and 5 means “very much 
so” (e.g., “Easy” for questions 1-4). All of the 
participants also chose their most and least preferred 
acoustic conditions after experiencing all three 
conditions.  
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The following string quartets were involved in these 
evaluations, performing their chosen pieces: 

• Rusquartet (Russia) - Schubert, String Quartet No.12 
in C minor, 1st Mvnt, 1820 

• Iris quartet (Germany) - Brahms, String Quartet Op. 
51, No.2, 1873 

• Aerous quartet (US) - Anton Webern, The Six 
Begatelles for String Quartet, 1913 

• Hausmann quartet (US) - Stravinsky, Three Pieces 
for String Quartet, 1914 

• Futura quartet (Canada) – Shostakovich String 
Quartet No.4 in D major, 1949 

 
Number Question “1” means “5” means 

1 Ease of hearing own 
instrument Difficult Easy 

2 Ease of hearing others Difficult Easy 

3 Ease of maintaining 
tempo Difficult Easy 

4 Ease of hearing dynamics Difficult Easy 

5 Amount of reverberation Little Much 

6 Quality of Reverberation Not natural Very natural 

7 Clarity Not clear Clear 

8 Envelopment Less 
immersive 

Very 
immersive 

9 Tonal balance Dark Bright 

10 Height sensation Low ceiling High ceiling 

11 Enjoyment of playing Low High 

Table 2: A set of 11 questions for the subjective 
evaluation of each acoustic condition 

6.2. Analysis 

6.2.1. Preference for Virtual Acoustics 

One of the goals of this paper is to study the perceptual 
effect of the enhanced acoustics using our virtual 
acoustics system. As figure 7 clearly shows, most 

performers preferred the virtually enhanced acoustics to 
the natural but rather dry acoustics. This confirms that 
the virtual acoustic system makes acoustic 
improvements that lead to a more enjoyable 
performance condition, which may result in improved 
artistry. 

 

Figure 7: 20 subjects’ responses to three conditions on 
preference 

6.2.2. Enjoyment vs. Preference 

Question 11 was about the enjoyment of playing in each 
of the three acoustic conditions. For each subject, the 
answer should therefore naturally be related to their 
most preferred performance condition. We were curious 
about exactly how well we can predict each musician’s 
most preferred condition based only on the responses to 
Q11 recorded for the three conditions.  

As can be seen in table 3, Q11 responses are actually a 
perfect predictor for the most preferred condition. In the 
table, each row corresponds to the judgment that each 
subject reported in their questionnaire. The maximum 
value of Q11 responses for the three conditions is 
marked in bold fonts. We can see that the most 
preferred conditions align perfectly with the responses 
to Q11 with a possible exception of subject 10, whose 
judgments of conditions 2 and 3 actually tie. This 
indicates that the degree of enjoyment of playing in an 
acoustic condition is directly related to musicians’ 
preference, and seems to suggest a possibly obvious 
point that musicians prefer conditions in which they had 
most fun playing. 
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Subject 
No. 

Condition 
1 

Condition 
2 

Condition 
3 

Most Preferred 
Condition 

1 4 5 4 2 

2 3.2 4.8 2.8 2 

3 3.2 4.8 4.2 2 

4 3 3.5 5 3 

5 3 3.5 4 3 

6 3 3 4 3 

7 3.6 4.1 4.4 3 

8 3.7 4.4 3.5 2 

9 2.4 3.5 4.2 3 

10 4 5 5 2 

11 4 4.2 3.5 2 

12 2.1 3.8 4.7 3 

13 3 3.6 3.2 2 

14 4 4 3.8 1 

15 4 2 2.2 1 

16 3 4.5 4 2 

17 3 3.5 4.6 3 

18 3 3.2 4.6 3 

19 3 5 3.5 2 

20 1 2 4 3 

Table 3: 20 Subjects’ responses to three conditions on 
Q11 compared with the most preferred condition 

selected 

6.2.3. Principal Component Analysis (PCA) 

PCA is a mathematical procedure that finds a minimum 
set of orthogonal dimensions that best explain given 
data, where the values may be correlated. We used PCA 
to discover possible linked structures among questions, 
as reflected in the questionnaire data, regardless of the 
condition. The dependent variable is the responses to 
Question 11 in all three conditions, because the most 
preferred condition for each participant can be perfectly 
predicted by the maximum response to Question 11, as 
explained earlier. The answers to questions 1 through 10 
in all three conditions are the independent variables.  

Three principal components were found with a Varimax 
rotation with Kaiser normalization. In table 4, the 
numbers shown in the three right-most columns are 

correlation coefficients with three principal components 
(PCs) for each of the question responses. For each 
column (i.e., each principal component), some numbers 
were marked in bold fonts. These large numbers mean 
that the corresponding row (i.e., the corresponding 
question) is highly correlated with the corresponding 
column (i.e., the corresponding PC). It also shows a set 
of questions that each PC best describes.  

 
Questions Components 

 1 2 3 

Q1 -0.087 0.741 -0.123 

Q2 0.106 0.848 0.056 

Q3 -0.185 0.710 0.162 

Q4 0.098 0.668 0.316 

Q5 0.880 -0.036 -0.087 

Q6 0.412 0.246 0.574 

Q7 -0.030 0.204 0.797 

Q8 0.905 0.015 -0.038 

Q9 -0.477 -0.220 0.728 

Q10 0.859 -0.122 0.057 

Table 4: Result from Principal Component Analysis 

The first principal component (PC1) is mostly related to 
the questions Q5 (Amount of reverb), Q8 
(Envelopment) and Q10 (Height Sensation), which all 
describe spatial attributes. The second PC describes 
questions regarding stage support (PC2):  Q1 (Ease of 
hearing own instrument), Q2 (Ease of hearing others), 
Q3 (Ease of maintaining tempo) and Q4 (Ease of 
hearing dynamics). The third PC is related to tonal 
quality questions (PC3): Q7 (Clarity) and Q9 (Tonal 
Balance). 

Q6 (Quality of reverberation) seems little related to 
other questions. All these can be verified in figure 8, 
which is a visualization of the results in a 3-dimensional 
space where each dimension corresponds to each PC. 
We can see that there are clear groupings of Q1, Q2, Q3 
and Q4 (all on stage support), Q5, Q8 and Q10 (spatial 
attributes), and Q7 and Q9 (tonal quality), while Q6 
seems to be on its own. 
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Figure 8: Result from Principal Component Analysis (PCA) of 10 questions in all conditions 

6.2.4. Multiple Regression Analysis 

Questionnaire responses were also analyzed with 
multiple regression to find correlates that best describe 
musicians’ preferences. Only 2 participants chose 
condition 1 as the most preferred condition, which 
therefore were excluded from regression analyses 
because of not enough data points being available. 
Responses to Q11 (Enjoyment of playing) were also 
excluded because they were perfect descriptors of the 
preferences (section 6.2.2). 

Considering only the evaluations of condition 2, the 
responses to Q2 (Ease of hearing others) (R2 = 0.32) 
turn out to be the single best descriptor of the most 
preferred condition. The responses to Q1 (Ease of 
hearing own instrument) and Q2, which are about stage 
support, together explain 50% of the variance in data (p 
= 0.003). 

With the condition 3 responses only, Q3 (Ease of 
maintaining tempo) is the most effective question (R2 = 
0.37) and the best regression model is composed of the 
responses to Q3 (Ease of maintaining tempo) and Q6 
(Quality of Reverberation) (R2 = 0.57, p = 0.001). 
 
Combining responses to conditions 2 and 3, the best 
predictor is Q3 (Ease of maintaining tempo) in 
condition 3, which is another stage support question. 
The best regression model has three predictors of Q3 in 
condition 3, and Q2 (Ease of hearing others) and Q7 
(Clarity) in condition 2 (R2 = 0.68, p = 0.000). This 
seems to indicate that parameters related to stage 

support and clarity of the space are good indicators of 
musicians’ preferred acoustic space. 

6.2.5. Paired-Sample T Test 

To study the effect of virtual acoustics, the responses to 
each question in the three different acoustic conditions 
were analyzed using paired-sample T tests. The 
questions related to spatial perception (Q5, Q6, Q8, 
Q10) showed significant between-condition differences 
as shown in figure 9, while the others did not.  

For figure 9 (Q5 – Amount of reverb), there is a pretty 
large jump from condition 1 to condition 2 in terms of 
the perceived amount of reverb, but not as big a jump 
from condition 2 to condition 3, which agrees pretty 
well with stage support in figure 3. It turns out that the 
first jump is statistically significant (p = 0.000) but the 
second one is not. 

A similar pattern is also observed in figure 9 (Q6 – 
Quality of reverberation) – a big jump between 
conditions 1 and 2 but not so big between conditions 2 
and 3. As in Q5, the first jump is statistically significant 
(p = 0.039), while the second one is not. This seems to 
be reflecting the fact that the frequency response of the 
impulse responses of conditions 2 and 3 do not differ 
much. For parts (Q8 - Envelopment) and (Q10 – Height 
sensation) of figure 9, both the first and the second 
jumps turned out to be statistically significant. For Q8, p 
= 0.000 for the first jump (between conditions 1 and 2), 
and p = 0.020 between conditions 2 and 3. For Q10, p = 
0.002 for the jump between conditions and 2, and p = 
0.019 for conditions 2 and 3. 
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Figure 9: Four questions that show a significant effect 
of virtual acoustics 

7. DISCUSSIONS 

The responses of 20 professional musicians were 
analyzed to study the perceived improvements in 
acoustic conditions provided by our new active 
acoustics system. No significant differences were found 
among the musicians’ responses according to their 
gender, age, experience in years or instrument. A large 
majority preferred acoustic conditions provided by the 
addition of the virtual acoustics system compared to the 
natural room acoustics without the enhancement system. 
Each of the participants preferred the acoustic condition 
that gave them the most enjoyment in playing, which 
turned out to be perfectly predictable by their responses 
to Q11.  

Principle component analysis was used to find 
underlying dimensions for the questionnaire data. It 
revealed that the three orthogonal dimensions best fit 
the given data, where each dimension neatly explains 
spatial attributes, stage support and tonal quality, 
respectively. Among these three groups of questions, 
the ones closely related to spatial attributes were the 
only ones that showed significant effect of virtual 
acoustics between conditions. Subjective judgments of 
the amount and the quality of reverberation tend to 
support the physical measurements in section 5. 

We also used multiple regression to find the best 
descriptor of virtual acoustics conditions. ‘Stage 
support’ and ‘clarity’ parameters turned out to explain 

68% of the variance in data, which might imply that 
these are the two most important criteria for musicians’ 
preference of an acoustic space. 

One shortcoming of our study is that the three acoustic 
conditions were not randomized during the experiment. 
We have purposefully made this decision because the 
change detection may not be symmetric. In other words, 
it might be easy to notice something has changed from 
Condition 2 to Condition 3, while the opposite case 
might not be as easy to detect. This operational decision 
might have resulted in some systematic confound in this 
present experiment, which shall be contrasted in a future 
study with proper randomization in place. 

The three acoustic conditions supported a broad range 
of string quartet repertoire spanning over 100 years 
(1820-1949). In the actual use of the VAT system, 
specific enhancements can be individually prepared for 
each piece and performer, therefore allowing for a 
highly customizable support of musicians’ “enjoyment 
of playing” and of acoustical requirements of recording. 
The performances of string quartets within virtual 
acoustics were recorded in surround sound, thereby 
allowing us to analyze later on the relevant performance 
characteristics for a subsequent publication.    

8. CONCLUSIONS 

In this paper we presented an innovated virtual acoustics 
system and its effect on musicians’ perception of 
performance enhancements. The objective 
measurements of the system adjusted to improve on-
stage acoustics verified the desired enhancement of 
parameters such as Inter-Aural Cross Correlation 
Coefficient (IACC), stage support (ST1 & ST2), and 
Early Decay Time (EDT) without excessively 
increasing the overall acoustic energy in the room. 
These parameters were responsible for controlling 
subjective aspects of clarity, reverberance and 
immersion.  

The subjective evaluations collected from the 
comprehensive questionnaires and multiple recording 
sessions with professional musicians using the system 
showed that musicians substantially agree on the best 
settings with providing them with enhanced acoustic 
conditions for a particular performance. All string 
quartet groups were able to “play the room”, and they 
found virtual acoustics to be a helpful and enjoyable 
means for enhancing their musical ability and quality of 
performance.   
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