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Introduction

Many studies have shown that room acoustics can have a
significant impact on musical performance [1,2]. It is
therefore not surprising that much research has been devoted
to the development of guidelines to achieve suitable acoustic
conditions for rooms used for different types of musical
practice and engagement. For instance, the well-known ISO
3382-1 standardises a series of room acoustic parameters that
focus on the acoustics of performance spaces [3]. The German
DIN 18041 standard provides recommendations for room-
size-dependent reverberation times for different purposes,
including a category for ‘music’ (A1) [4]. There are also the
categories ‘speech’ and ‘teaching’ (categories A2 to A4),
which could also be applied in studio acoustics. Regarding
musical performance without an audience, the recently
introduced ISO 23591 defines the acoustic quality criteria for
rehearsal rooms and spaces depending on room and ensemble
size as well as musical style, while DIN 15996 and EBU Tech.
3276 provide guidelines for sound control rooms and listening
rooms, respectively [5-7].

However, there is little more than best practice approaches
regarding the design of recording spaces in recording studios.
For recording pop and rock music, flat reverberation time
curves of less than 1 s would usually be required, as unwanted
reverberation is difficult to remove from recordings and ‘dry’
recordings are easier to edit (e.g. by adding artificial reverb)
[8]. More specific requirements would depend on the type of
music and instruments being recorded. Newell therefore
distinguishes between ‘neutral’ and ‘live’ recording rooms
[9]. However, neither Newell nor Maier [8] provide any
specifications or reference values apart from reverberation
times.

The aim of this study was thus to evaluate the suitability of
common acoustic parameters developed for performance
spaces to capture key acoustic characteristics of recording
spaces used primarily for pop, rock and jazz music recording.
To do so, acoustical measurements according to ISO 3382-1
of 21 recording spaces were compared to interviews with the
studios’ staff.

Methods

Interviews

Guided interviews were conducted with 11 music recording
engineers who, with one exception, were members of the staff
of the institutes and studios where the acoustic measurements
of the recording rooms were carried out. The interviews
covered acoustic characteristics of music recording rooms

relevant to the interviewees’ recording practices in general, as
well as with specific questions regarding the acoustics of the
measured rooms.

Impulse Response Measurements

Impulse responses were measured in 20 music recording
rooms ranging in size from 20 m3 to 666 m3, mainly used for
pop, rock, and jazz music, and one large rehearsal room (4713
m3) used for classical music recordings. The recording spaces
are part of three professional recording studios and seven
universities or educational institutes located in North Rhine-
Westphalia, Berlin, and Munich. Table 1 depicts the measured
recording spaces and their specific sizes in terms of estimated
floor area and volume.

Table 1: Measured recording spaces (*: including I7-R1)

Studio (S)/ | Recording Measurement Area Volume
Institute (I) Space Speaker [m?] [m?3]

S1 R1 Self-build (HSD) 394 98
S1 R2 Self-build (HSD) 8.0 20
S2 R1 Norsonic Nor276 32.5 88
S2 R2 Norsonic Nor276 23.9 64
S2 R3 Norsonic Nor276 22.8 62
S3 R2 B&K Typ 4292-L 27.2 73
11 R1 Self-build (HSD) 20.6 59
11 R2 Self-build (HSD) 14.0 40
11 R3 Self-build (HSD) 8.5 24
12 R1 EVE Audio SC205 28.3 88
12 R2 EVE Audio SC205 18.0 56
13 R1 Self-build (HSD) 39.0 136
13 R2 Self-build (HSD) 38.7 136
13 R3 Self-build (HSD) 9.8 30
14 R1 Norsonic Nor276 40.5 116
14 R2 Norsonic Nor276 16.6 47
15 R1 Self-build (HSD) 93.0 645
15 R2 Self-build (HSD) 8.7 27
16 R1 Self-build (HSD) 172.9 666
16 R2 Self-build (HSD) 143.5 455
17 R1 Self-build (HSD) 471.3 4713
Avg. 40.3 147
SD 44.8 197
Avg.* 60.8 364
SD* 103.7 1015

In each room, up to four source (loudspeaker) positions were
selected, including a position in the centre of the room and
typical recording positions, such as for drums or vocals. At
least three receiver (microphone) positions (including typical
recording positions) were analysed for each source position.
In total, 294 transmission paths were measured.

An omnidirectional microphone (Sonarworks XREF 20) was
used for all measurements. For logistic reasons, three different
dodecahedron loudspeakers (Norsonic Nor276, Briiel &
Kjaer Typ 4292-L and a self-build model from Hochschule
Diisseldorf, HSD) and one full-range studio loudspeaker
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(EVE audio SC205) were used as sound sources, and a sine
sweep (20 Hz - 20 kHz, F; = 48 kHz, 24 bit resolution) was
used as excitation signal. The measurement loudspeakers used
in each room are also listed in Table 1.

Analysis of Measured Impulse Responses

From the room impulse responses, the acoustic parameters
reverberation time (720 and 730), Early Decay Time (EDT) and
Late Decay Time (LDT, not included in ISO 3382-1) [10],
Clarity (Cgo), Definition (Dso), Centre time (7s) and Early
support (STeaty) were calculated in one-third octave bands
with centre frequencies from 20 Hz to 20 kHz, according to
ISO 3382-1 and using the ITA-Toolbox [11]. Late support
(8T1ae) was omitted, as all recording rooms were expected to
exhibit low reverberation times; this parameter would thus not
provide much information. In Addition, the Sound Strength
(G) was calculated using the Python package Pyfar [12]. The
required free-field measurement was approximated by
isolating the first peak in the impulse response and correcting
its amplitude to a 10 m distance as proposed in ISO 3382-1.

To obtain singular values for the parameters, the results were
averaged over one-third octave bands with centre frequencies
from 125 Hz to 4 kHz. Only for G, the averaging was carried
out in a narrower range from 500 Hz to 2 kHz, because the
different loudspeaker models used lead to considerable
deviations in the calculated sound strength at lower and higher
frequencies. Subsequently, Bass Ratio (BR) [13] and Treble
Ratio (TR) [14] were derived from each room’s Tz
measurements.

These room acoustic measures were then compared to
recommendations and typical values according to existing
standards and guidelines for ‘music rooms’ (DIN 18041, ISO
23591, ISO 3382-1, EBU Tech. 3276, DIN 15996 [3-7]).
Finally, a Latent Profile Analysis (LPA) was performed on
selected geometrical and acoustical parameters.

Results

Subjective Acoustical Characteristics (Interviews)

During the interviews, a number of acoustic characteristics
were frequently mentioned by the engineers, based on their
perception or knowledge from measurements made in these
rooms at some point, such as reverberation (time), sound
level/amplification, spatiality, colouration/timbre, early and
late reflections, room resonances and flutter echoes.

At least four of the rooms in the educational institutes and
universities were described as ‘acoustically challenging’ or
‘unbalanced’ and/or as rarely used for recording because of
their acoustic properties. Although the remaining rooms were
not clearly categorised as ‘neutral’ or ‘lively’ as described by
Newell [9], there were noticeable tendencies towards one of
these categories in the engineers’ descriptions. For example,
most of the other educational recording rooms were described
as either poorly suited for recording certain genres or
instruments (especially acoustic instruments or classical
music) due to low reverberation or, more generally, as being
very ‘dry’. However, it was also noted that ‘livelier’ recording
rooms were likely to be less flexible and suitable for teaching
purposes.
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Room Acoustical Parameters (Measurements)

Table 2 shows the singular values for the parameters 730, Cgo,
STeany and G, averaged over the aforementioned frequency
ranges, as well as the parameters BR and TR for every room.
The mean and standard deviation (with and without the
rehearsal room I7-R1 included) are also given for each
parameter. The parameters T>9, EDT, and LDT were, as
expected, highly correlated with T3, so only the latter is
shown in Table 2. The same applies to Cso, Dso, and Ts, where
only Cso is shown in the table.

Table 2: Measured parameters 730, Cs0, STeuty (125Hz-
4kHz), G (500Hz-2kHz), BR, TR (*: including I7-R1) and

LPA Cluster

Room T30 Cs(] S Tearly G BR TR LPA

[s] [dB] | [dB] | [dB] Cluster
S1-R1 0.29 19.2] -2.61 19,7 1.31 1.00 1
S1-R2 0.16 31.6 | -4.98 21,9 1.16 0.89 1
S2-R1 0.38 14.3 0.17 22,0 0.91 1.12 1I
S2-R2 0.29 21.3| -2.97 23,5 1.55 0.79 1
S2-R3 0.41 13.6 0.16 28,3 0.99 1.14 1I
S3-R2 0.36 16.7| -1.41 23,9 1.59 1.36 1I
I1-R1 0.18 284 | -5.00 22,3 1.13 0.93 1
I1-R2 0.17 31.3| -6.56 25,1 1.30 1.03 1
I1-R3 0.17 30.7| -6.15 28,1 1.44 0.86 1
12-R1 0.21 264 | -6.53 25,8 1.09 1.06 1
12-R2 0.18 29.5| -6.05 23,2 1.24 1.11 1
13-R1 0.51 12.3 0.17 19,8 1.71 0.63 111
13-R2 0.60 10.9 1.55 20,6 2.21 0.59 111
13-R3 0.28 25.1| -6.21 27,9 2.96 0.84 III
14-R1 0.19 294 | -7.13 12,5 1.26 0.99 1
14-R2 0.17 31.1| -6.34 23,7 1.15 1.03 1
I5-R1 0.49 123 -1.31 19,1 0.90 1.09 1I
I5-R2 0.13 379 | -8.87 26,6 1.54 1.11 1
16-R1 1.14 4.1 3.74 18,8 1.35 0.87 I
16-R2 0.34 203 | -6.07 21,3 1.03 1.16 II
17-R1 1.85 39 0.02 159 0.65| 0.84 -
Avg. 0.33 28.8 | -2.20 24,1 1.39 0.98
SD 0.02 22| 319 38| 019 0.08
Avg.* 0.40 28.6 | -2.07 23,9 1.36 0.97
SD* 0.02 2.3 3.39 4,0 0.19 0.07

Recording Room Types (Clusters)

A manual classification of the 20 recording rooms (excluding
the large rehearsal room I7-R) based on both the measured
parameters and the interview data resulted in a 3-cluster
solution. In order to validate this solution, a Latent Profile
Analysis (LPA) was subsequently computed using the
predictor variables STecaty, BR, TR and V. As the results
suggested similar model fits for both 2-cluster and 3-cluster
solutions (BIC:.cruster = 356.2, BIC3.custer = 361.1), the theory-
driven 3-cluster solution was retained and used for further
interpretation. The associated cluster for each room is also
shown in Table 2.

Type I: ‘neutral/dead rooms’: Recording spaces of Type I
were described as acoustically ‘controlled’ and ‘dry’ in the
interviews and exhibited very short reverberation times
(T30,mean = 0.19 s), which tend to increase slightly at low
frequencies (below 100 Hz). This suggests that they are
versatile and well suited to recording dry pop and rock music.

Type II: ‘live rooms’: Rooms of this type showed longer
reverberation times (T30mean = 0.40 s) and more S-shaped
frequency curves above about 100 Hz, with a minimum of the
reverberation time typically between 200 Hz and 400 Hz and
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a maximum between about 1 kHz and 8 kHz (see Figure 1).
These rooms were described in the interviews as acoustically
more ‘interesting’ and ‘lively’ than Type I rooms. Therefore,
they seem to be more suitable for recording acoustic
instruments (especially drums) and vocals, e. g. for jazz
music. These rooms offer more acoustic variability for the
positioning of instruments/musicians and microphones.

Type III: ‘unintentionally coloured rooms’: The rooms of
Type III had reverberation times comparable to those of Type
I or IT above about 1 - 2 kHz, but with significant increases
below 100 - 500 Hz (T30mean = 0.63 s) and were often
described in the interviews as ‘acoustically challenging’ and
‘unbalanced’.

Figure 1 shows the reverberation times of exemplary rooms
for each type.

1,4 -

—e—I4-R1 (Type I)

—&— S2-R1 (Type II)

——I3-R1 (Type III)

Reverbaration Time T, [s]

100 1.000 10.000
Frequency f [Hz]

Figure 1: Reverberation times of rooms of Type I, Type II
and Type 111

Comparison with Reference Values

Apart from the large rehearsal room, all the rooms studied are
significantly smaller than typical performance spaces that are
addressed in ISO 3382-1 [3]. As a result, the measured values
are significantly above (in case of Cso, D50, STearly and G) and
below (for T3p, EDT, LDT, Ts) the usual values given in the
standards.

With a few exceptions, the reverberation times are, in some
cases significantly, shorter than recommended in the DIN
18041 and ISO 23591 standards, especially in the ‘neutral’
rooms. Only three of the ‘livelier’ rooms (S2-R1, S2-R3 and
S3-R2) are (almost) within the tolerance bands DIN 18041’s
most restrictive category ‘inclusive teaching’ (A4) [4].

Considering the reverberation times given in ISO 23591, the
four smallest rooms (although too small for rehearsals
according to the standard), and some ‘live rooms’ meet the
requirements for ‘amplified music’ [5]. Only S2-R1 and I5-
R1 meet the requirements for ‘loud acoustic music’, and only
the two biggest rooms (I6-R1 and I7-R1) meet the
requirements for ‘quiet acoustic music’.

The Sound Strength values of most rooms are in the
recommended range for rehearsal rooms used for loud and
quiet acoustic music according to ISO 23591, with 20 and 25
dB for the medium-sized rooms and 15 dB to 20 dB for the
larger rooms.

Although the small to medium-sized ‘neutral rooms’ with less
than 30 to 40 m2 (EBU Tech. 3276) or less than 40 m3 (DIN
15996) are too small for critical listening and sound and
speech processing according to the respective guidelines, they
meet the reverberation requirements for speech and sound
processing rooms [6] and listening rooms [7] quite well. In the
‘live rooms’, which the interviewees explicitly preferred
because of audible reverberation, reverberation times
exceeded the tolerance bands of these standards.

Finally, the ‘unintentionally coloured rooms' (I3-R1, I13-R2,
13-R3) do not meet the frequency-dependant benchmarks of
any of the guidelines discussed. Their reverberation times are
generally above the tolerance bands at low frequencies and
below them at higher frequencies.

With BR values between 1.0 and 1.3, almost all ‘neutral/dead
rooms’ meet the recommendation for musical applications by
Ahnert & Tennhardt [13].

Discussion

In the interviews, the recording engineers addressed acoustic
aspects such as reverberation, spatiality or colouration, based
on their perceptual impression. However, there is no specific
information on how well these statements correspond to the
parameters in our measurements. Notwithstanding, most of
these parameters are thought to capture perceptual qualities
[3], so we assumed a general agreement between the
engineers’ statements on, for instance, room reverberance and
the measured 730 reverberation times.

The qualitative results of the interviews largely agreed with
the LPA, which categorised the measured rooms into three
room types. Types I and II resemble Newell’s classification
of recording spaces [9]. We introduced Type III for rooms that
exhibited unintended and problematic acoustic characteristics
or colourations for recording pop, rock and jazz music, which
may indicate shortcomings and compromises in the acoustic
design. Interestingly, those persons working in university and
educational studios were generally more critical of ‘their’
rooms than those working in professional studios. This may
be because the reputation of professional studios is more
dependent on good acoustics, and the engineers in these
studios were more involved in the acoustic design and
therefore had more influence on the design to suit their needs.

A comparison of the measurement results with typical values
and reference values given in existing standards suggests
these guidelines, in their current form, do not seem well-
tailored for the assessment of recording rooms - assuming that
at least the rooms classified as either Type I or Type II meet
the requirements for recording rooms in general. In
conclusion, the desired reverberation times for recording
rooms lie somewhere in between those of sound control /
listening rooms (‘neural rooms’) and rehearsal rooms (‘live
rooms’). Considering the room size, recording rooms are most
similar to rehearsal rooms covered in ISO 23591. However,
these rooms are intended to provide a comfortable
environment for music rehearsal and do not need to create
conditions as optimal as those required for recording rock,
pop, and jazz. Consequently, the accepted reverberation may
be higher and Sound Strength lower to avoid critically high
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sound levels when large ensembles and loud instruments are
rehearsing. Sound control and editing rooms, which are
covered by EBU Tech 3267 and DIN 15996, on the other
hand, have similarly strict but qualitatively different acoustic
requirements than rooms for active music- making and
recording. In order to allow critical evaluation of audio
material, early reflections and a certain amount of room
amplification, which may be desirable when playing and
recording an instrument, are avoided in these rooms to
minimise the influence on the frequency response and
directivity of the monitoring loudspeakers.

Suggestions for a Future Guideline

A possible future standard or guideline for music recording
spaces should consider the following points:

Firstly, the interviews and existing standards indicate that the
reverberation time is not sufficient to fully capture the
acoustic requirements of music recording rooms. Therefore, a
possible guideline for recording rooms should provide
reference values for additional parameters that also consider
acoustic aspects such as sound reflections, subjective
spatiality and timbre. It is questionable whether the
parameters from ISO 3382-1, as well as BR, TR, would be
sufficient as currently defined.

Secondly, it may be necessary to adjust the measurement
methods from ISO 3382-1 with regard to source and receiver
positions as well as the number of measurements.

Thirdly, reference values should be defined depending on the
application, e.g. direction of measurement and instrument to
be recorded as in ISO 23591. A categorisation similar to
Newell [9] may be appropriate.

Fourthly, specifications for the spatial distribution/fluctuation
of the parameters to be measured should be defined, e.g. to
take into account modal effects. One possibility could be the
evaluation of the standard deviation in the process of spatially
averaging the parameters.

Finally, the frequency dependence of the parameters should
be considered in a more sophisticated way. The applied
averaging of the one-third octave bands with centre
frequencies 500 Hz to 2 kHz (see ISO 3382-1) may not be
sufficient.

Limitations

The results of the study may not be representative due to the
limited sample of experts interviewed and the recording
rooms, the majority of which are located in educational
institutes and university studios and whose staff were the
subjects of the interviews. Furthermore, the measurement
conditions were not optimal, as four different loudspeakers
had to be used due to logistical constraints.

Conclusion

The study suggests that existing guidelines and standards in
their current form are insufficient to guide the design and
evaluation of the acoustic properties of music recording
spaces. There is a clear need for further research and the
development of specific guidelines. These might take into
account different acoustic requirements depending on the

1227

DAS|DAGA 2025 Copenhagen

intended use (e.g., musical genre and instruments), and
specify measurement procedures and parameters tailored to
studio recording spaces.
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