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Classroom acoustics play a critical role in facilitating effective communication, enhancing student 
concentration, and reducing teachers’ vocal strain. Educational spaces address these needs not only by 
adhering to National Standards but also by implementing voluntary certification programs, such as WELL 
and LEED. This study synthesizes acoustic requirements set by National Standards worldwide, overcoming 
challenges such as limited data accessibility, language barriers, and complex interpretation. The analysis 
focuses on two key components of learning environments - room sound absorption and background noise 
control - and examines their alignment with Voluntary Protocols. The findings reveal that mean 
reverberation time values stated by regulatory frameworks generally match the upper limit suggested by 
WELL and LEED protocols, while background noise level requirements show mostly overlapping ranges. 
Overall, this research highlights consistent trends of adequate performance criteria between the different 
design approaches to educational environments.
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1. INTRODUCTION

Classroom acoustics strongly contributes to supporting teaching and learning processes. Whether the
setting relies on traditional frontal instruction or incorporates contemporary pedagogical approaches such
as collaborative group work, ensuring high acoustic quality is relevant for effective verbal communication.
Existing research highlights key acoustic parameters relevant to classroom environments and examines their
impact on teachers and students.1, 2 To promote suitable acoustic conditions in educational spaces, most
countries developed their own Building Codes, National Standards, and Guidelines.3 As documented in the
scientific literature, the influence and adoption of National Standards have grown significantly on a global
scale since the early 2000s. Figure 1 shows a growing body of literature referencing National Standards
since 2015, aligning with the steady publication rate of approximately two new standards per year from
2004 to 2024.
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Figure 1: Publication trends over time for National Standards and related scientific literature.

Voluntary certification programs promote best practices or specific objectives for different activities,
including educational spaces.4–6 A Voluntary Protocol is a set of agreed-upon procedures or guidelines that
are not mandatory but are voluntarily followed by individuals, organizations, or industries. All these docu-
ments generally establish reference values for the main room acoustic criteria. The most widely recognized
room acoustic parameters in learning environments are reverberation time and background noise levels. The
existing literature provides a perspective on acoustic indicators for educational activities and their corre-
lation with speakers’ and listeners’ acoustic comfort.1, 2, 7–11 Literature offers measurements conducted to
identify potential pitfalls and improve the acoustic accessibility of educational spaces.12–15 Some reviews
explored the consequences of classroom acoustics on students’ performance at different ages.16–20 Other
studies collected the existing National and International Standards,21–23 how they interact with Voluntary
Protocols,24, 25 some of them focusing on regulations in specific areas, such as European countries.26–28

This article gathers a global average on National Standards requirements, extending the aforementioned
existing reviews, and analyzing how these documents interact with Voluntary Protocols on classroom acous-
tics worldwide. However, collecting acoustic standards from countries presents significant challenges due
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to the absence of regulations in some regions, differing cultural and regulatory approaches, restricted ac-
cess, language barriers, and ambiguities in interpretation. These challenges highlight the need to develop a
consistent global framework and underscore the importance of expert involvement in obtaining, translating,
and clarifying relevant documents.

2. VOLUNTARY PROTOCOLS

The global analysis of educational buildings certified under Voluntary Protocols reveals a diverse distri-
bution across continents, reflecting regional variations in the adoption of sustainability and health-oriented
building standards in the education sector. This study specifically examines two prominent certification
systems: WELL, which emphasizes occupant health and well-being, and LEED, which prioritizes environ-
mental sustainability and the reduction of ecological impact.

A. WELL

The WELL certification4 is made up of ten concepts, of which “Sound” is a part (concept 7). In this
“Sound” section, several acoustic requirements (1 precondition and 8 optimizations) are defined. Depending
on the score that the designer and the client want to achieve, these features must be respected to achieve the
certification. The WELL protocol states that all preconditions and a minimum of points must be achieved
for each concept (air, water, nourishment, light, movement, thermal comfort, sound, materials, mind, and
community) to obtain the certification. The score levels are divided as follows:

• Bronze: 40 points and a minimum of 0 points per concept;

• Silver: 50 points and a minimum of 1 point per concept;

• Gold: 60 points and a minimum of 2 points per concept;

• Platinum: 80 points and a minimum of 3 points per concept.

B. LEED

The LEED certification5 is a voluntary point protocol involving Integrative Process (IP), Location and
Transportation (LT), Sustainable Sites (SS), Water Efficiency (WE), Energy and Atmosphere (EA), Mate-
rial and Resources (MR), Indoor Environmental Quality (EQ), Innovation (IN), and Regional Priority (RP)
according to LEED v4.1 BD+C Scorecard. Each of these settings has a certain number of prerequisites
and credits, for a total of 110 possible points. The EQ has the “Acoustic Performance” (1 point), a pre-
requisite for credits only for schools. This minimum acoustic performance includes reverberation time and
background noise requirements. It makes reference to ANSI/ASA S12.60-2010/Part 129 and to ASHRAE
Handbook.30 To achieve the certification, it is mandatory to satisfy all 10 prerequisites, plus a sufficient
number of credits between 40 and 110. The score levels are divided as follows:

• Certified: 40-49 points;

• Silver: 50-59 points;

• Gold: 60-79 points;

• Platinum: 80+ points.
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3. METHOD

A. LITERATURE REVIEW

This study began with a comprehensive literature review aimed at identifying global classroom acous-
tics standards. Using Scopus and ScopusAI, searches were conducted with combinations of keywords such
as “classroom,” “acoustics,” “standards,” and “review.” Only peer-reviewed journals and review articles were
considered. ScopusAI was further queried with targeted questions to surface specific information on acoustic
criteria and regulatory approaches in various countries.

To capture the fragmented nature of the topic, a secondary keyword search included country names
and local standard codes. This enabled the identification of documents not typically indexed in academic
databases, such as non-peer-reviewed literature and conference proceedings. After applying a publication
date filter from 2004 onward, 597 documents were identified, of which 468 remained after removing the
duplicates. A two-tiered screening process was then conducted: first on abstracts and metadata, and then
a detailed review of relevant content. Ultimately, 29 documents were selected as key references, many of
which presented comparative data or focused on individual national standards.

The review revealed several limitations in the existing literature: fragmented data due to inconsistent
terminology, over-representation of a few countries (e.g., UK, US, Australia, and New Zealand), and limited
coverage of ancillary spaces and real-world classroom geometries. These gaps underscore the need for
expert-driven, country-specific data collection.

B. EXPERT SURVEY

To bridge the information gap, the authors conducted a global outreach to subject-matter experts. For
this purpose, more than 130 experts were contacted, including researchers, acoustic consultants, and stan-
dard committee members from all over the world. The expert engagement spanned 18 months and involved
over 500 emails and 15 in-person discussions. Experts were selected based on their long-standing involve-
ment with educational acoustics, regulatory development, or consultancy work.

Each expert received a standardized questionnaire, requesting the following:

• Identification of national documents relevant to classroom acoustics (e.g., Building Codes, Standards,
Guidelines);

• Specification of whether these documents were mandatory or advisory;

• The position of these documents in relation to the coexistence with Voluntary Protocols, such as
WELL and LEED.

Responses were diverse and included written replies, completed questionnaires, annotated excerpts
from standards, and unpublished or non-indexed studies. Experts also provided links to official resources and
offered translations or interpretations where necessary. Of the contacted individuals, around 80 experts from
over 50 countries ultimately contributed validated data. Regional response rates varied: Europe (34/40), Asia
(18/60), North America (7/10), Central and South America (13/15), Oceania (3/3), and Africa (2/10). Table
1 presents the number of experts contacted based on their roles in the scientific community, along with the
number of respondents and the total number of emails exchanged.

C. DATA HOMOGENIZATION AND ORGANIZATION

Many source documents were in local languages. In cases where official English versions were unavail-
able, AI tools were used, followed by expert confirmation. In total, approximately 200 documents, including
National Standards, Building Codes, Guidelines, Voluntary Protocols, and supporting academic or technical
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Table 1: Number of academics, consultants, and standards committee members contacted for the present study,
divided by continent.

Continents
Experts Contacted

Experts Responded Emails Sent/Exchanged
Academics Consultants Standards Committee

Oceania 1 1 1 3 >30
North America 3 5 2 7 >40
Central and South America 13 1 1 13 >60
Asia 45 1 – 18 >100
Africa 10 – – 2 >20
Europe 18 13 9 34 >250

Total 90 21 13 77 >500

papers, were reviewed. Due to the wide variability in format, terminology, and legal status, a structured
homogenization process was necessary.

The authors categorized each document according to its regulatory authority and enforceability:

• Building Codes: legally binding regulations on design and construction;

• National Standards: technical documents from recognized bodies, potentially binding;

• Guidelines: non-mandatory recommendations from public agencies or private organizations;

• Voluntary Protocols: certification systems for promoting sustainable and healthy building practices.

This classification helped map out compliance levels across regions and identify overlaps and gaps in
regulatory coverage. To allow cross-national comparisons, data were organized into clusters, such as the
key acoustic components, focused on sound absorption and background noise. A final cross-verification
round was conducted. Experts were re-contacted for clarification or to supply missing data. Quantities not
in SI units were converted accordingly. After validation, the data were synthesized into comparative tables
and graphical plots to facilitate both acoustic and architectural analyses. This structured methodology en-
abled the construction of a globally applicable, generalizable framework for analyzing classroom acoustics
standards, highlighting regional differences, and identifying best practices.

4. RESULTS

This section presents the global distribution of educational buildings certified under WELL and LEED
Voluntary Protocols, highlighting their presence across different continents (see Subsection 4.A). It then
examines how the requirements of these primarily US-based protocols align with or diverge from the US
National Standard ANSI/ASA S12.60, the WHO Guidelines, and the global average values of key acoustic
components, specifically reverberation time and background noise levels, in core educational spaces of
varying volumes (see Subsection 4.B).

A. WELL AND LEED CERTIFIED EDUCATIONAL BUILDINGS WORLDWIDE

The available WELL database31 shows that around 450 projects worldwide, in the Education sector,
are designed according to WELL criteria. These projects could be certified, registered but not yet certi-
fied, or projects that are pursuing or have pursued a rating and/or a WELL certification. The Education
sector involves early childcare, primary or secondary education, post-secondary education, and education
support. The LEED certification has approximately 2000 projects in the “Education” sector worldwide

V. Tardini et al. National Standards on Classroom Acoustics

Proceedings of Meetings on Acoustics, Vol. 56, 015009 (2025). Page 5

 25 February 2026 15:13:02



distributed.32 These projects are all registered according to the rating system “LEED BD+C: School” and
filtered as “Schools-New Construction”. All the rating versions are considered in this library, plus the cer-
tified and the precertified ones. Figure 2 presents the global distribution of these certifications (last viewed
in October 2024), along with their relative proportions. To the best of the authors’ knowledge, LEED-
certified educational buildings are more prevalent than those certified under WELL, likely due to LEED’s
earlier establishment, being introduced approximately 15 years prior to WELL. Although WELL provides a
more comprehensive framework, particularly in terms of acoustic performance criteria, LEED has achieved
broader adoption owing to its status as the first widely recognized sustainability certification offering multi-
ple levels of achievement.
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Figure 2: Global distribution of educational buildings certified with LEED and WELL (top figure), and the
percentage distribution of these buildings by certification scores and levels (bottom figure). All the reported data
make reference to the LEED32 and WELL31 databases (last viewed in October 2024).

LEED and the WELL Building Standard are more prominently adopted in North America than in other
continents (see Figure 2) due to a combination of historical, institutional, and market-driven factors. LEED
was established in 1998 by the U.S. Green Building Council (USGBC), while the WELL Building Standard
was launched in 2014 by the International WELL Building Institute (IWBI), also based in the United States.
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Their North American origin facilitated early integration into local building practices and regulatory frame-
works, especially through federal and state-level incentives that encouraged sustainable and health-focused
design. Over time, both protocols gained strong brand recognition and became embedded in commercial
real estate and public-sector development strategies. Although they are now promoted internationally, their
initial alignment with U.S. codes and performance metrics has posed challenges for adoption in other re-
gions, where local standards (e.g., BREEAM6 in the UK or Green Star33 in Australia and New Zealand) are
often more contextually appropriate. As a result, LEED and WELL continue to be most influential within
North America’s built environment sector.

B. EVALUATING ACOUSTIC CRITERIA ACROSS STANDARDS AND PROTOCOLS

In order to assess the global alignment of acoustic criteria in learning spaces, the analysis focused
on reverberation time and background noise requirements defined by National Standards and Voluntary
Protocols. Starting from the findings reported in Subsection 4.A and given that most Voluntary Proto-
cols are US-based, particular attention was directed toward the American National Standard ANSI/ASA
S12.60, to explore potential overlaps or divergences between mandatory and voluntary approaches. These
requirements were further compared with the World Health Organization (WHO) Guidelines to evaluate
their consistency with international health recommendations. For this analysis, three representative core
learning spaces were selected, each corresponding to a different volume range: small (V<10,000 ft³/283m³),
medium (10,000 ft³/283m³<V<20,000 ft³/566 m³), and large (V>20,000 ft³/566 m³). The reverberation time
and background noise level requirements for each of these spaces are summarized in Table 2, providing a
comparison of the evaluated National Standards and Voluntary Protocols.

Table 2: Reverberation time (s) and background noise level (dBA) upper limit requirements for core learning
spaces of varying volumes, considering furnished and unoccupied conditions.

Reverberation time requirements (s)

V<10,000 ft³ (283 m³) 10,000 ft³ (283 m³)<V<20,000 ft³ (566 m³) V>20,000 ft³ (566 m³)

Global (avg.) 0.6 0.8 1.0
ANSI/ASA S12.6029 0.6 0.7 custom project
WELL4 0.6 0.5–0.8 0.6–1.0
LEED5 0.6 0.7 1.0
WHO34 * 0.6 0.6 0.6

Background noise level requirements (dBA)

V<10,000 ft³ (283 m³) 10,000 ft³ (283 m³)<V<20,000 ft³ (566 m³) V>20,000 ft³ (566 m³)

Global (avg.) 35 35 35
ANSI/ASA S12.6029 35 35 40
WELL4 35 35 35
LEED5 40 40 40
WHO34 * 35 35 35
*Values for generic “classrooms” regardless the volume.

Taking into account all the reverberation time requirements obtained from the email questionnaire, the
authors compiled the reverberation time values under unoccupied conditions for the three volume-based
core learning spaces. These values were then compared and combined with those specified by the Voluntary
Protocols WELL and LEED for the same types of spaces, maintaining consistent geometric characteristics,
and also under unoccupied conditions.
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Figure 3: Comparison between reverberation time requirements according to the worldwide National Standards
and the Voluntary Protocols (WELL and LEED) in unoccupied conditions.
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Figure 4: Comparison of the background noise requirements according to the worldwide National Standards and
Voluntary Protocols (WELL and LEED). The background noise should be intended as the A-weighted equivalent
sound pressure levels (LA,eq in dBA) assessed under unoccupied conditions with closed windows and main
continuously operating systems turned on.

Figure 3 compares the reverberation time requirements collected from the National Standards of more
than 50 countries with those defined by the Voluntary Protocols WELL4 and LEED.5 The range of rever-
beration time values prescribed by National Standards tends to be higher than the ranges recommended by
the Voluntary Protocols. The spread of values also varies between space volumes. For larger core learn-
ing spaces (V>20,000 ft³/566 m³), the unoccupied reverberation time values exhibit the greatest variability,
ranging from 0.54 s to 1.59 s, while smaller spaces (V<10,000 ft³/283 m³) display a more compact distri-
bution between 0.50 s and 0.83 s. In these smaller spaces, the reverberation time distribution is strongly
skewed, with the median (0.61 s) closely aligned with the lower quartile (0.60 s), indicating a clustering of
lower reverberation time values. The presence of longer lower whiskers across all three volume categories
further suggests greater variance among the lower end values. When these observations are compared with
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tabulated values, the global average reverberation time requirements are 0.6 s, 0.8 s, and 1.0 s for small,
medium, and large spaces, respectively.

Figure 4 compares the A-weighted equivalent sound pressure levels of background noise from the
worldwide standards with the voluntary protocols’ requirements under the same conditions: unoccupied
spaces with closed windows and main continuously operating systems turned on. The background noise
limits in the three different core learning spaces generally align with the global average reported in Table 2
and Voluntary Protocol requirements, but show some deviations compared to specific standards. For large
learning spaces (V> 20,000 ft³/566 m³), the median measured background noise level is 35 dB, consistent
with the global average, WELL, and WHO recommendations, but slightly below the ANSI/ASA S12.60 and
LEED limits of 40 dB. Medium core learning spaces (10,000 ft³/283 m³<V<20,000 ft³/566 m³) also show a
median noise level of 35 dB, matching most standards except LEED, which permits up to 40 dB. Small core
learning spaces (V<10,000 ft³/283 m³) have a median noise level of 37.5 dB, exceeding the 35 dB threshold
of global average, ANSI/ASA, WELL, and WHO, but still within the LEED limit.

5. DISCUSSION

Beyond LEED and WELL, other Voluntary Protocols exist, particularly in the United States. The Col-
laborative for High-Performance Schools (CHPS)35 is a US-based Voluntary Protocol, sometimes mandated
by cities or school districts for school construction. While similar to LEED in some categories, CHPS v2.0’s
“Acoustic Performance” credit (Credit 15) includes requirements for audio classroom systems and offers ex-
ceptions to the ANSI/ASA S12.60-2010/Part 1 standard,29 particularly concerning sound insulation (using
STC ratings). It has a baseline and then an enhancement. The requirements in CHPS are generally less
stringent than those in LEED, and there is no national submission for CHPS, since it is local. Another U.S.
Voluntary Protocol, called Green Globe certification,36 exists but has seen limited adoption compared to
LEED.

Internationally, various other Voluntary Protocols are in use. These include Greenstar in Australia
and New Zealand,33 the AQUA certification in Brazil,37 the CASBEE for Building (New Construction)38

in Japan, in Austria the Gesunde Schule,39 and in Germany, the German Sustainable Building Council
(DGNB)40 (a commercial protocol) and the Assessment System for Sustainable Building (BNB)41 protocol,
operated by the Federal Government. Notably, adherence to DIN 18041 in planning can ensure maximum
points in Germany’s BNB protocol. In some other cases (e.g., UK), the guidelines released by national
acoustical associations are periodically updated to provide supporting guidance and recommendations on
the acoustic design of new and refurbished schools.

Regarding reverberation time, the global average requirements derived from National Standards tend to
be higher than the ranges recommended by WELL4 and LEED5 for unoccupied conditions. For instance, in
larger learning spaces (V>20,000 ft³/566 m³), National Standards show greater variability (0.54 s to 1.59 s)
compared to the stricter ranges imposed by Voluntary Protocols (e.g., WELL’s 0.6–1.0 s). However, it’s im-
portant to note that reverberation time values typically decrease once occupancy is factored in.42 This often
brings the reverberation time values within the compliance range of WELL and LEED requirements, even
if the initial unoccupied measurements might seem to exceed them. The clustering of lower reverberation
time values in smaller spaces (V<10,000 ft³/283 m³), with a median (0.61 s) closely aligned with the lower
quartile (0.6 s), indicates a preference for more acoustically dry environments in these smaller settings.
While Voluntary Protocols aim for stricter limits, organizations like ANSI/ASA S12.6029 and WHO34 often
align closely with or are slightly above these benchmarks. However, a potential risk of strictly adhering to
Voluntary Protocol targets based on unoccupied conditions is creating an excessively dry environment once
occupied, which might negatively impact speech intelligibility and overall acoustic comfort.42

For background noise levels (LA,eq), the median measured values from National Standards generally
align with global averages, WELL, and WHO recommendations across different space volumes. How-

V. Tardini et al. National Standards on Classroom Acoustics

Proceedings of Meetings on Acoustics, Vol. 56, 015009 (2025). Page 9

 25 February 2026 15:13:02



ever, some deviations were observed when compared to specific standards. For large learning spaces
(V>20,000 ft³/>566 m³), the median measured background noise level is 35 dB, consistent with the global
average, WELL, and WHO recommendations, but slightly below the ANSI/ASA S12.6029 and LEED5 lim-
its of 40 dB. Medium core learning spaces (10,000 ft³/283 m³<V<20,000 ft³/566 m³) also show a median
noise level of 35 dB, matching most standards except LEED, which permits up to 40 dB. Small core learn-
ing spaces (V<10,000 ft³/<283 m³) have a median noise level of 37.5 dB, exceeding the 35 dB threshold of
global average, ANSI/ASA S12.60, WELL, and WHO, but still within the LEED limit. Out of over 50 coun-
tries, 92% have an intelligibility requirement, with 90% requiring background noise control. The majority
of these countries focus only on the classroom environment (i.e., core learning spaces with volumes under
10,000 ft³ or 283 m³). Since this space type is the most widespread, it also exhibits varied background noise
requirements due to differing national practices and goals. This variation may explain why background
noise limits for small core learning spaces range from 25 to 45 dB. As a result, additional noise control
measures may be needed to meet more stringent standards or voluntary protocol thresholds.

The whole comparison underscores that while both Voluntary Protocols and National Standards aim for
good acoustic environments, there are still differences in their specific requirements, which designers should
consider to ensure effective learning spaces.

6. CONCLUSION

This summary aims to capture the latest regulatory scenario on the acoustics of educational buildings
and how they interact with the Voluntary Protocols’ certification levels. This study extends previous litera-
ture by incorporating systematic database research and direct input from around 80 experts (more than 50
countries). The expert engagement was critical to understanding the relationships among National Standards
and Voluntary Protocols, and to clarifying country-specific interpretations and document structures. Both
standards and protocols attempt to support designers and acousticians with simplified prediction models
and recommended targets for adequate classroom acoustics. Despite the diversity of regulatory approaches
worldwide and the variety of certification programs, the analysis consistently identified reverberation time
and background noise as the most commonly regulated parameters, with substantial overlaps in their corre-
sponding target ranges.
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