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Introduction
This study builds upon prior work presented at Inter-Noise 
2024 and a related poster presentation, expanding the 
investigation by examining the applicability of ISO 23591 
and the acoustic characteristics of Hanok—traditional 
Korean wooden architecture—as a reference model for 
Gugak practice spaces.

The acoustic environment of music practice rooms plays a 
crucial role in enhancing a performer’s expressiveness [1]. In 
2021, ISO 23591 introduced acoustic quality criteria for 
music rehearsal spaces, providing standardized guidance for 
their design and evaluation [2]. While the standard has been 
effective in Western music contexts, its suitability for 
non-Western traditions, such as Gugak (Korean traditional 
music), remains underexplored.

Western classical music developed in reverberant spaces 
such as churches and concert halls, whereas Gugak 
historically evolved in acoustically distinct settings—such as 
palace courtyards, semi-outdoor pavilions, and Hanok—with 
short reverberation times and flat frequency responses [3, 5, 
7]. Previous studies have highlighted significant differences 
in sound pressure levels, reverberation preferences, and 
audibility experiences between Gugak and Western 
instruments [4, 6].

This study aims to evaluate the acoustic properties of Gugak 
practice rooms currently used in professional training 
environments and compare them to those of traditional 
Hanok. It further investigates performer preferences through 
a survey of experienced Gugak musicians. The findings are 
discussed in relation to ISO 23591 to assess whether the 
current international standard accommodates the needs of 
Gugak, or whether a culturally tailored framework is needed.

Background
Gugak, traditional Korean music, has historically developed 
in architectural and acoustic environments that differ 
substantially from those of Western classical music. While 
Western music evolved in highly reverberant spaces such as 
churches and concert halls, Gugak was traditionally 
performed in settings like palace courtyards, semi-outdoor 
pavilions, and wooden residential buildings known as Hanok. 
These spaces typically feature relatively short reverberation 
times—approximately 1 second in palace courtyards as 
measured at Sajeongjeon Hall in Gyeongbokgung [7] and 
1.76 seconds Injeongjeon Hall at Changdeokgung Palace [5]) 
and as low as 0.4 seconds in indoor Hanok rooms—and 
exhibit flat frequency responses [3, 5].

These acoustic characteristics align with the physical nature 
of Korean traditional instruments, which generally produce 

lower overall sound pressure levels and exhibit highly 
directional radiation patterns compared to Western 
instruments [4]. As a result, clarity and ensemble 
communication are better preserved in acoustically dry 
environments with balanced frequency responses.

Despite this historical foundation, many modern Gugak 
practice rooms are designed based on Western rehearsal 
room standards. These spaces often emphasize longer 
reverberation times and reflective surfaces to enhance 
harmonic richness and spatial impression—attributes that 
may not align with the performance needs of Gugak 
musicians. In fact, recent acoustic measurements in Gugak 
practice facilities at Seoul National University revealed 
issues such as excessive reverberation and spectral 
imbalance, particularly in larger ensemble rooms.

Although ISO 23591 [2] provides a comprehensive 
framework for evaluating the acoustic quality of music 
rehearsal spaces, it was developed primarily for Western 
musical instruments and practices. Applying this standard 
uncritically to Gugak environments may fail to address the 
specific acoustic requirements of Korean traditional music. 
Therefore, developing performance criteria tailored to Gugak 
practice spaces necessitates not only objective acoustic data 
but also insights into how performers subjectively perceive 
and respond to different acoustic conditions.

To this end, the present study combines physical acoustic 
measurements with subjective preference evaluations by 
experienced Gugak performers. This integrated approach 
aims to determine whether existing international standards 
are adequate for Gugak, or if new design guidelines 
grounded in Korea’s unique architectural and musical 
heritage are required.

Methods
Acoustic Measurements
Four Gugak practice spaces at Seoul National University and 
Gugak National High School—including a personal practice 
room, two mid-sized practice rooms, and an ensemble room
—were selected for acoustic analysis. These rooms vary in 
size and geometry, representing typical rehearsal 
environments used by Gugak performers.

Reverberation time (RT30) was measured in accordance 
with ISO 3382-2, using a dodecahedral loudspeaker 
(omnidirectional) and a Class 1 sound level meter. The 
mid-frequency band (500 Hz) was selected as a reference, 
and reverberation times were analyzed across octave bands 
to assess frequency flatness.

The personal and ensemble rooms exhibited relatively short 
and spectrally balanced reverberation times across octave 
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bands. The measured RT30 values for each room are shown 
in Table 1 and Figure 1. These results were further compared 
with previously published acoustic data from traditional 
Korean houses, Hanok, which typically demonstrate RT 
values below 0.4 seconds and flat frequency responses, as 
indicated by the red line in the figure [3, 6]. For comparison, 
the green line illustrates the acoustic quality criteria defined 
in ISO 23591:2021 for music rehearsal rooms and spaces. 

Table 1. Measured Reverberation Times (RT30) in Gugak 
Practice Rooms

Performer Survey on Acoustic Preferences
To assess subjective acoustic preferences, a structured 
auditory preference survey was conducted with 36 Gugak 
performers with use of their own instruments in real time 
convolution system at anechoic chamber and all of whom 
had direct experience using the measured practice spaces. 
The survey was conducted from September to November 
2023.

Participants were asked to evaluate reverberation time from 
0.2 s ~ 2 s by 7 steps. In figure 2, the evaluation starts from 
the top left, corresponding to Question 1.

Question 1. Acoustic similarity: Comparison between the 
practice room and actual performance venue. Question: Is 
the presented acoustic environment similar to an actual 
Korean music performance space? 

Question 2. Reverberation: Perceived amount and preference 
for reverberation. Question: Is the presented acoustic 
environment appropriate for the reverberance of the 
performance space?

Question 3. Perceived satisfaction during music performance. 

Question: Are you satisfied with the presented acoustic 
environment for a Korean music concert hall?

Question 4. Acoustic similarity: Comparison between the 
practice room and actual performance venue. Question: Is 
the presented acoustic environment similar to an actual 
Korean music practice room? 

Question 5. Reverberation: Perceived amount and preference 
for reverberation. Question: Is the presented acoustic 
environment appropriate for the reverberance of the music 
practice room?

Question 6. Perceived satisfaction during music performance. 
Question: Are you satisfied with the presented acoustic 
environment for a Korean music practice room?

Each response was rated using a 5-point Likert scale. The 
data were averaged across participants and analyzed in 
conjunction with the measured acoustic values. A summary 
of the performer responses is shown in Figure 2.

- Gugak performance space

- Gugak practice space

Figure 2. Subjective Evaluation of Acoustic Preferences for 
Gugak Performance and Practice Spaces

Results
Reverberation Time Characteristics
The reverberation time (RT30) measured across the practice 
spaces showed substantial variation depending on room size 
and surface finish. As shown in Figure 1 and Table 1, the 
personal practice room exhibited the shortest RT30, 
approximately 0.2–0.3 seconds at mid frequencies (500 Hz), 
with a flat frequency response. The ensemble room 
displayed longer RT30 values, up to 0.5 seconds, with some 
deviation in spectral balance, likely due to its larger volume 
and reflective finishes.

These results suggest that reverberation times in Gugak 
practice rooms at Seoul National University are considerably 
shorter than those specified by ISO 23591 for typical music 
rehearsal spaces, especially for smaller rooms. Comparisons 

Spaces Dimension (m)
T30

(second)
ISO, Tmid

(second)

1 Personal Practice Rooms 3.3 x 2.5 x 2.3 = 19 m3 0.2 > 35 m3

2 Gayageum Practice Room 10 x 8 x 2.4 = 192 m3 0.3 0.8 ~ 1.0

3 Daegeum Practice Room 3.7 x 6.6 x 2.4 = 58.6 m3 0.3 0.5 ~ 0.7

4 Ensemble Room 9 x 14.3 x 2.4 = 308.9 m3 0.5 0.9 ~ 1.1

1. Personal Practice Room

2. Gayageum Practice Room

3. Daegeum Practice Room 4. Ensemble Rooms

Figure 1. RT30 Profiles of Gugak Practice Rooms with 
Comparisons to Hanok and ISO 23591 Criteria
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with acoustic data from Hanok show a close match, 
reinforcing the idea that short and spectrally balanced 
reverberation is appropriate for Gugak training.

The suitable reverberation time for Gugak practice rooms is 
found to be 0.6 seconds or less, aligning with both measured 
values and performer preferences.

Performer Preferences and Perception
Survey results from 36 professional Gugak performers 
(Figure 2) showed a clear preference for acoustic 
environments resembling traditional Korean performance 
spaces. In particular, responses to Q1–Q3 
(performance-related acoustics) and Q4–Q6 (practice room 
acoustics) revealed that moderately reverberant conditions 
were favored—neither too dry nor overly echoic.

The preferred reverberation time for practice settings aligned 
closely with the Hanok measurements, indicating that the 
appropriate reverberation time for practicing Gugak is 
deemed to be 0.5 seconds or less. For performance 
environments, preferences ranged more broadly:

The suitable reverberation time for Gugak performances is 
estimated to fall between 0.5 and 1.0 seconds, with many 
participants identifying 0.7 to 1.5 seconds as acceptable in 
concert hall settings, depending on ensemble size and 
repertoire.

Perceived audibility was reported as excellent in the personal 
and ensemble rooms but significantly degraded in larger 
rehearsal spaces, suggesting a detrimental effect of excess 
reverberation and poor diffusion in group contexts.

Discussion
The findings of this study emphasize the necessity of 
acoustical design tailored to the cultural and instrumental 
specificity of Gugak. While ISO 23591 provides generalized 
criteria for music rehearsal rooms, its applicability to Korean 
traditional music remains limited.

Measured reverberation times in the personal and ensemble 
rooms (0.2–0.5 s) closely match the preferences of Gugak 
performers and the acoustic characteristics of traditional 
spaces such as Hanok. These results suggest that the 
reverberation time suitable for Gugak practice spaces is 
likely 0.5 to 0.6 seconds or less, which falls below the lower 
limit of the ISO 23591 “quiet” category.

In contrast, Gugak performance spaces—particularly in 
semi-outdoor or palace courtyard settings—historically 
exhibit reverberation times ranging from 0.7 to 1.5 seconds, 
offering a different yet contextually valid reference for 
concert hall design.

In addition to reverberation time, survey responses revealed 
that spatial geometry and surface diffusion significantly 
affect auditory clarity and ensemble communication. Rooms 
with wide horizontal layouts and insufficient diffusive 
treatment received notably lower scores in terms of 
ensemble audibility. These findings indicate that future 

design standards for Gugak practice spaces should 
incorporate not only time-domain parameters like RT but 
also spatial characteristics.

Conclusion
This study assessed the acoustic characteristics of Gugak 
practice spaces through objective room measurements and 
subjective performer evaluations. The results demonstrated 
that Gugak performers prefer environments with shorter, 
spectrally balanced reverberation times—typically below 0.5
–0.6 seconds—similar to those found in Hanok. These 
preferences support the use of traditional Korean architecture 
as an acoustical benchmark for contemporary Gugak training 
environments.

In performance contexts, acceptable reverberation times 
were broader, ranging from 0.5 to 1.5 seconds, depending on 
ensemble type and room volume. These findings indicate 
that ISO 23591 may not adequately capture the acoustical 
needs of Gugak, and that culturally appropriate benchmarks 
should be developed.

Future work will include real-time auralization experiments 
and controlled perceptual studies to further refine acoustic 
criteria specific to Korean traditional music education and 
performance venues.
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