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 A B S T R A C T

This study summarizes National Standards on classroom acoustics in over 50 countries by surveying dozens of 
experts on targets and design practices. The data collection addressed challenges in the material’s accessibility, 
translation, and interpretation. The research categorized compliance approaches, key learning environment 
components, and auxiliary space requirements. The findings indicate target values of 0.6 – 0.7 s for the 
reverberation time in unoccupied state and 35dBA for A-weighted background noise levels in classroom 
environments. However, adherence to these parameters may yield divergent acoustic conditions, e.g., active 
scenarios, depending on different variables, such as occupancy density, local construction typologies, and 
broader contextual factors. Despite local differences, the comparative analysis of descriptors from National 
Standards and expert opinions across the continents highlights a common trend in the evolution of technical 
standardization in classroom acoustics. Identifying target acoustic values provides concrete, evidence-based 
benchmarks for designers. Furthermore, considering the interplay between acoustic requirements, occupancy, 
and room geometry allows for the creation of learning environments that effectively enhance speech 
intelligibility, ultimately improving the educational experience.
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1. Introduction

Classroom acoustics has a crucial impact on teaching and learning 
activities [1,2]. Whether the environment supports traditional teaching 
methods (frontal lessons) or embraces modern pedagogy, adequate 
acoustic quality is essential for enhancing verbal communication [3,4], 
with consequences on students’ performance at different ages [5,6]. The 
research community highlights common shortcomings in the existing 
classrooms’ acoustics and rare attention to inclusive educational spaces 
[7,8]. There is common agreement on the use of consolidated room 
acoustic criteria: reverberation time, background noise, and intelligibil-
ity  [9–12]. To achieve appropriate acoustic conditions in educational 
spaces, most countries worldwide developed their own Building Codes, 
National Standards, and Guidelines. Since the early 2000s, a significant 
number of standards have been released and several existing documents 
have been updated [13,14].

However, there are multiple aspects to consider while bringing 
together specific standards from different continents. First, not all 
countries have specific regulatory directions for acoustic requirements 
in learning spaces. Some countries have a unique standard to assess 
the acoustic quality in all the building interiors (i.e., classrooms and 
offices); some others do not have acoustic regulations at all. Second, 
there are complex relations between Building Code, National Stan-
dard, and Guidelines. They are written by different entities (the first 
two by the legislators and national standardization body, respectively; 
guidelines can be written by local associations or other organizations), 
and there is a complex hierarchy between these codes. Furthermore, 
when standards are available, they adopt various approaches to tackle 
the same issue depending on the cultural and regulatory background 
of each country. Additionally, there are accessibility and linguistic 
gaps. Most National Standards require fees for unlocking access (often 
accessible only through local channels) and are generally written in the 
native language. Finally, there is a gap related to the interpretation 
and implementation of these standards. Implicit or vague statements 
can lead to individual interpretations of the acoustic requirements. 
Availability, accessibility, translation, and interpretation issues remain 
challenging for creating an updated consistent collection of worldwide 
regulatory frameworks. These reasons might explain the limited sys-
tematic reviews on National and International standards available in 
scientific literature. Such standards are often employed as a frame-
work to explore other subject dimensions as recently shown by Razali 
et al. [15].

This paper investigates the current global regulatory landscape for 
acoustic comfort in educational buildings, acknowledging the continu-
ous evolution of standardization. It aims to consolidate information on 
how different countries address the acoustic design of specific spaces, 
focusing on key standard components (i.e., room criteria) and non-
acoustic aspects (i.e., room geometry and occupancy). The study seeks 
to identify common trends in classroom acoustics regulations to guide 
the design of learning spaces. This comprehensive database of interna-
tional acoustic requirements and their real-world design implications 
serves as a valuable resource for designers and experts, providing 
a global benchmark for acoustic design expectations in educational 
environments.

2. Materials and methods

The starting point of the work was a preliminary search for pa-
pers and acousticians through online databases. After the literature 
search, obtaining detailed information, further papers, standards, and 
opinions required connecting with the experts of each country. Trans-
lating the heterogeneous material allowed for detecting and identifying 
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the desired information in each document, starting a substantial data 
homogenization. Then, further requests were inevitably made to the se-
lected acousticians to enhance the documentation, cross-check the data, 
and clarify potential interpretation doubts. A final reordering permitted 
classifying and ordering the findings to produce an updated overview 
of standards and regulations on classroom acoustics differentiated by 
countries and continents. Fig.  1 offers a schematic view of the process 
adopted for collecting data. Each step of the data collection is described 
in detail hereafter.

2.1. Preliminary literature search

A preliminary literature search was conducted to find existing arti-
cles, conference papers, and reviews concerning National Standards on 
classroom acoustics. Given the highly heterogeneous nature of contri-
butions and authors, this part of the study aimed to collect data, define 
an overview of the potential literature gap, and gather a network of 
contacts.

In the first step, Scopus was interrogated using the following key-
words, properly combined: ‘‘classroom’’, ‘‘acoustics’’, ‘‘standards’’, and 
‘‘review’’. The goal was to identify studies that report or compare 
regulations, even within a broader research scenario. Only review and 
journal articles were filtered from the results.

The authors also checked with the AI tool ScopusAI, asking the 
following questions: ‘‘How do local standards address the requirements 
for room acoustics in schools?’’, ‘‘What are the specific acoustic require-
ments for classrooms in local standards?’’, ‘‘How do local standards 
address the impact of room acoustics on student learning in schools?’’, 
and ‘‘What measures are recommended by local standards to improve 
room acoustics in educational settings?’’. Among the articles identified 
by ScopusAI, the most recent ones align with the results of the keyword-
based search, while others present new contributions to the research. 
Most of such additional documents provide more specific and detailed 
descriptions of local standards structures and their requirements.

As a third step, a more focused search using Scopus was conducted 
to identify any further relevant studies through combinations of spe-
cific keywords such as ‘‘classroom’’, ‘‘acoustics’’, name of the country, 
OR code of local standard. This search was crucial for identifying 
results related to individual local standards. Dissemination of this 
type of work is typically handled by convenors of standards groups 
or their participants, most of whom have limited affiliations with 
academia and are rarely inclined to publish in peer-reviewed journals. 
Consequently, contributions from conference proceedings were also 
considered eligible.

By filtering results from 2004, a total of 597 publications were iden-
tified. This time frame is considered to adequately cover the process 
of updating existing standards or drafting new standards, as well as 
the subsequent dissemination process. After removing 129 duplicate 
studies, 468 documents were selected for the first screening stage. This 
involved reviewing abstracts, introductions, conclusions, and bibliogra-
phies, resulting in the selection of 67 studies. A second, more detailed 
screening stage focused on content relevant to the research question. 
This included analyzing paragraphs, tables, and figures synthesizing or 
comparing the local standards’ requirements. Among the articles by the 
same author(s) published in different years or within the same year, 
providing almost identical contributions about National Standards, only 
the most relevant ones were considered. Ultimately, 29 eligible studies 
were identified. Table  1 reports authors, year, a brief content summary, 
and the document type (according to Scopus classification) for each 
document, along with the list of countries whose standards’ require-
ments are explicitly mentioned. Most papers dedicate part of the text 
(a paragraph and/or a table) to the topic for a broader objective, 
e.g., highlighting the need for improvements to existing standards. Only 
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Fig. 1. Schematic overview of the process adopted for collecting data through online databases and selected experts.
a few documents explicitly aim to collect global classroom acoustics 
standards. Most studies (18) offer comparisons among distinct National 
Standards, generally through tables summarizing the corresponding re-
quirements. Some documents (11) focus on a single National Standard, 
describing its structure, historical evolution, and acoustic targets.

2.2. Limitation of literature search

The preliminary search offers an initial overview of the main factors 
addressed by the existing literature, suggesting potential aspects to 
assess for an extended summary. The analysis of the selected papers 
sheds light on various inherent gaps, helping guide and structure the 
data collection of the present study.
3 
First, most eligible studies offer information on the regulatory 
framework (of one or more countries) as long as consistent with their 
research goals. They often provide fragmentary information on the 
dynamic nature of regulatory frameworks and the interrelationship 
between National Standards, Building Codes, and Guidelines, due to 
implicit or ambiguous requirements.

Second, the screened literature often refers to acoustic requirements 
only for a certain space type without generalizing the discussion to a 
broader spectrum of room variety. For instance, while the reverberation 
time for regular classrooms is the most recurrent requirement, further 
acoustic room criteria (speech intelligibility) and educational building 
spaces (lecture halls or open-plan classrooms) are rarely encountered. 
Therefore, a global landscape of requirements for all school building 
environments is still missing.
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Table 1
Eligible studies (29) from the 468 reviewed papers found in the preliminary literature search.
 Ref. Authors (year) Content Document type Countries  
 [16] D. D’Orazio et al. (2025) Classroom acoustics’ design according to the 

Italian standard
Article IT  

 [15] A.W. Razali et al. (2024) Classroom design impact on acoustic learning Review AU/NZ, DK, IS, JP, MY, NO, SE, 
UK, US

 

 [17] S.-M. Lee et al. (2024) Sound absorber in classrooms Article AU/NZ, DE, IT, KR, UK, US  
 [18] A-H. Jo et al. (2023) Acoustic performance of creative classrooms in 

Korea
Article KR, UK, US  

 [19] Y.-J. Choi (2023) Korean classroom acoustic standards Article AU/NZ, CA, JP, KR, UK, US  
 [20] C. van Reenen et al. (2023) Global classroom acoustics standards Conference paper AR, AT, AU/NZ, BE, BR, CA, CL, 

CZ, DK, ES, IT, JP, UK, US, ZA
 

 [21] C. van Reenen et al. (2022) Classroom acoustics in South Africa Article AU/NZ, CA, DE, IE, IT, UK, US, 
ZA

 

 [22] C.-J. Park et al. (2021) Acoustic standards for classrooms Article UK, US  
 [23] N. R. Kapoor et al. (2021) Indian classrooms IEQ assessments Article IN, UK, US  
 [24] P. Goldschagg et al. (2020) Noise affects second-language learners’ 

performance
Article ZA  

 [25] J.R. Aguilar (2019) Chilean classroom acoustics Article AU/NZ, BE, CL, DK, DE, FI, FR, 
IT, NO, PL, SE, UK, US

 

 [26] E. Greenland et al. (2019) Inclusive acoustics for SHCN classrooms Conference paper UK  
 [27] A. Astolfi et al. (2019) The Italian UNI 11532 on classroom acoustics Conference paper IT  
 [28] C. van Reenen et al. (2017) Noise impacts inclusive education in classrooms Review AU, UK, US, ZA  
 [29] C. Nocke (2016) DIN 18041 updated for inclusivity Conference paper DE  
 [30] K. Mealings (2016) Reviewing classroom acoustic standards Conference paper AU/NZ, DK, FI, IS, JP, NO, SE, 

UK, US
 

 [31] R. Pääkkönen et al. (2015) Acoustic performance evaluation of classrooms Article FI  
 [32] B. Shield et al. (2015) Acoustic survey of secondary schools Article UK  
 [33] A. Parkin et al. (2015) BB93 revised for updated standards Article UK  
 [34] K. Mealings et al. (2015) Excessive noise in open-plan classroom Article AU/NZ  
 [35] D. Pelegrín-García et al. (2014) Guidelines for optimal classroom acoustics Article DE, DK, ES, FR, NO, UK  
 [36] B. Rasmussen et al. (2012) Classroom acoustic requirements in Nordic 

countries
Conference paper DK, FI, IS, NO, SE  

 [37] W. Mikulski et al. (2011) Classroom acoustics evaluated in Warsaw Article AU/NZ, FI, FR, NL, NO, PT, SE, 
UK, US

 

 [38] B. Shield et al. (2010) Noise impact in open-plan classrooms Article DK, SE, UK  
 [39] P.H. T. Zannin et al. (2009) Classroom designs vs acoustic standards Article BR, DE, FR, JP, UK, US  
 [40] K. Ueno et al. (2009) Guidelines for AIJ schools’ acoustic design Conference paper JP  
 [41] C.-M. Chiang et al. (2008) Joint classrooms in Taiwan Article JP, US  
 [42] N. Subramaniam et al. (2006) Classroom acoustics impact on academic 

performance
Review AU/NZ, FR, IT, JP, SE, UK, US  

 [43] L. C. Sutherland et al. (2004) Development of the American standard on 
classroom acoustics

Review US  
Furthermore, the preliminary review underscores the predominance 
of literature on the National Standards of a few countries world-
wide: Australia and New Zealand, the United Kingdom, and the United 
States. This disparity can relate to the different transparency policies 
adopted for the publication of standards. For instance, the United King-
dom maintains a National Standard along with periodically updated 
guidelines, with a group of experts documenting these developments 
through conference presentations and academic papers. As a result, 
certain countries are more represented in the literature and often set 
trends that influence other standards. However, this influence fre-
quently overlooks the specific contexts in which such requirements are 
implemented. The notable prevalence of a limited number of countries 
highlights the need for a more comprehensive investigation of local 
standards across a broader range of countries.
4 
2.3. Screening the experts

As the existing literature primarily provides detailed information 
for only a few countries, contacting at least one expert per country 
became necessary. The direct connection with specialists enables some 
substantial advantages: retrieving proper and complete documents, 
information on local background and regulatory framework, accurate 
translation, and interpretation. Most experts were identified through 
the corresponding authors’ email addresses in the studies identified 
via Scopus. Then, renowned convenors, either researchers or consul-
tants, who worked on classroom acoustics for years with significant 
contributions to research were contacted. Attending the standardization 
scientific sessions at international conferences allowed to connect with 
further scholars and consultants.



V. Tardini et al. Building and Environment 283 (2025) 113299 
2.4. Contacting the experts

The screening of email addresses resulted in the identification of 
more than 138 contacts. The iterative process of contacting and re-
contacting experts spanned approximately 18 months. This process was 
not synchronous, as additional experts were incorporated over time. 
The whole email exchange, between 2023 and 2024, involved more 
than 500 sent and/or exchanged emails. Moreover, documents and 
their requirements were discussed during in-person meetings with more 
than 15 experts, reducing the risk of misinterpretation and enhancing 
collaboration for further clarifying email exchanges. The iterative pro-
cess of email exchange and in-person speaking helped provide relevant 
information on more than 50 countries worldwide.

The number of experts contacted occasionally exceeded 1 per coun-
try due to various factors. In some instances, experts redirected email 
exchanges and information to third parties for further investigation. 
In other cases, the contacted experts recommended others since they 
were no longer active in the field. Some experts did not respond to 
the email questionnaire or indicated they were not the appropriate 
individuals to address the questions. Among the people contacted, 
about 80 experts collaborated with the authors in writing the paper. 
Depending on their employment, they can be divided into researchers, 
private consultants, people from institutions (e.g., private companies), 
and convenors or participants of standardization groups. Experts are 
divided geographically as follows: in Oceania, 3 experts responded out 
of 3 contacted; in North America, 7 responded out of 10 contacted; and 
in Central and South America, 13 responded out of 15. Asia saw 18 
responses with over 60 experts contacted, while Africa had 2 responses 
out of 10. Europe had 34 responses out of 40 experts contacted.

2.5. Asking the experts

A questionnaire was administered to each expert contacted by 
email. The first email sent was structured as follows: a brief introduc-
tion of the authors, a description of the ongoing research, and a series 
of specific questions. The contents of the questions are listed here.

1. Identification of documents containing any classroom acoustics 
requirements, such as Building Code, National Standards, and/or 
Guidelines.

2. The mandatory nature of each document and the possibility to 
share useful contents (tables and figures) with the target values 
of key room acoustic criteria for each country.

3. Information about the classrooms’ average dimensions and occu-
pancy for primary and secondary schools: average floor surface 
(in m2), average ceiling height (in m), and the number of pupils.

The experts provided different kinds of answers, including direct replies 
to the questions submitted via email, documents in Q&A format specif-
ically filled for the purpose, and/or files with excerpts from standards, 
commented/highlighted graphs, and tables. In a few cases, experts sent 
authors papers written by them, and sometimes not indexed, which 
contained part of the requested information. These papers were incor-
porated into the bibliography and regarded as equally important as the 
National Standards, as they contain all or a portion of the information 
relevant to this study.  The experts also suggested reliable govern-
ment websites and document prescriptions to the authors. Concerning 
‘‘non-acoustic’’ data, such as floor surface areas and ceiling heights of 
classrooms in primary and secondary schools, quantities not expressed 
in the International System of Units (SI) were converted accordingly by 
the authors. Among the total emails exchanged, some experts did not 
respond to follow-up questions after completing the questionnaire.
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2.6. Document translation, screening, and material homogenization

Most of the documents required a translation from the native lan-
guage of each country, except for a few standards published in dual 
versions (local language and international language, i.e., English), such 
as the Norwegian standard [44]. When the language was unknown, the 
authors combined the contents obtained from the literature search with 
reading the standard itself through online translators and AI tools. In 
any case, the contents were sometimes double-checked by the related 
expert(s).

This step allowed the authors to screen around 200 documents 
of various types and languages, including Building Codes, National 
Standards, and Guidelines available on various platforms, as well as 
additional papers, graphs, and tables. The whole material appeared to 
be heterogeneous, given the different purposes and different regulatory 
approaches of each document. Therefore, a process was required to 
homogenize the documents according to the specific categories defined 
by the authors.

The first step was to identify which documents were mandatory 
in the design, construction, and testing of school environments. There 
are mutual interactions among Building Codes, National Standards, 
and Guidelines influencing the key descriptors (i.e., whether they are 
mandatory or not). Then, the acoustic requirements for each type of 
room were classified for each country.

2.7. Clustering data

The authors clustered data to allow the comparability of heteroge-
neous information and constructed a comprehensive and generalizable 
framework. Four macro-aspects analyzed in detail involved the compli-
ance of the documents, the key components of learning environments 
(sound absorption and speech intelligibility), the prescriptions for an-
cillary spaces, and the worldwide occupancy and geometry. These 
categories were chosen to best capture the complexity of classroom 
acoustic comfort on a global scale.

The first cluster is the taxonomy of compliance. In the present work, 
the definition of ‘‘Building Codes’’ includes regulations and policies 
specifying the standards for designing, constructing, and maintaining 
buildings and structures. Under the definition of ‘‘National Standards’’ 
are collected the documents established by recognized authorities, such 
as national or international standards organizations, that provide rules 
or characteristics for products, services, processes, or systems. Finally, 
the ‘‘Guidelines’’ are intended as recommendations or suggestions on 
best practices, procedures, or methods within a specific field. The 
editors of the guidelines may be associations, public agencies, private 
entities, or large companies (such as the case [45]). The compliance 
of these documents is analyzed to examine their mutual applicability, 
understand the regulatory frameworks of the countries under study, 
and identify similarities and differences between states.

The second cluster involves the key components of learning en-
vironments, intended as sound absorption and speech intelligibility 
criteria provided by the National Standards. The sound-absorbing char-
acteristics of rooms’ surfaces – walls, floors, ceilings, and furniture 
– substantially impact the students’ acoustic comfort, listening effort, 
and the teachers’ vocal strain. Reverberation time is the key descriptor 
commonly used to predict and evaluate the effective quantity of sound 
absorption. Speech intelligibility relates to the percentage of words 
understood and depends on the signal-to-noise ratio at the listener’s po-
sition. The background noise criteria are essential to optimize this ratio. 
In addition to background noise, among the potential criteria defining 
speech intelligibility, the Speech Transmission Index (STI) is one of 
the most popular ones, since it quantifies the speech intelligibility 
deterioration by the transmission channel (IEC 60268-16:2020).

The third cluster concerns the ancillary spaces, here meant as 
environments where the main activities are informal learning and social 
interaction, instead of formal education. They differ from classrooms 
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in several aspects, including furniture layout and type, interior spatial 
configuration, the presence of amplification equipment, the age of the 
students, and the intended activities. As acoustic requirements must 
account for this complexity, limits and parameters may differ from 
those established for standard educational environments.

The fourth cluster refers to the occupancy and geometry of the 
spaces. The need for considering the active function of spaces has 
already been highlighted by [2], who emphasized the importance 
of understanding room acoustic properties in occupied classrooms to 
assess the effects of students’ presence, including the additional sound 
absorption in the room. The collection of non-acoustic data, i.e., the 
number of students per classroom, floor surface, and ceiling height, 
helps to understand the relationship between the students’ density and 
classroom acoustics in real-world active scenarios.

2.8. Data cross-checking and final reordering

A data cross-checking step was crucial to double-check the received 
information with reliable references, such as standards and/or further 
articles. Therefore, contacting the experts again was necessary to verify 
the reliability of the contents, improve the data collection, and attempt 
to complete the database. A final round of emails, without a constant 
scheme, were sent to various experts, depending on the needs and the 
required information.

Once the material obtained during the described steps was checked 
and verified, a final reordering step was carried out. This phase in-
volved systematically reordering and classifying relevant information 
obtained from the document collection, the key components, and the 
additional (non-acoustic) information. These data were synthesized into 
tables and plots to offer a comprehensive overview and summary of all 
relevant information for conducting acoustic and non-acoustic analyses.

3. Results

This section presents the collected documents, the room acoustic 
criteria requirements in learning environments and ancillary spaces. 
The authors classified regulatory documents and their content by coun-
try and continent. Each country is represented by the corresponding 
two-letter code according to the ISO 3166-1:2020 standard [46].

The outcomes of this section are presented for five categories of 
learning spaces: large lecture halls, small lecture halls, classrooms, 
open-plan classrooms, and inclusive learning environments. Lecture 
halls are university rooms for lectures and presentations. Classrooms 
are rooms dedicated to frontal teaching to small groups. Open-plan 
classrooms are collaborative student-centered spaces with flexible lay-
outs and technology integrations. Inclusive learning environments sup-
port hearing-impaired students by incorporating specialized tools, such 
as assistive technologies and visual/acoustic aids.

3.1. Compliance of the documents

In this section, regulatory documents concerning prescriptions (or 
advice) on acoustic quality in classrooms are collected and sorted. 
There are various regulatory approaches depending on the interrela-
tionship among Building Codes, National Standards, and Guidelines.

The relationship between the Building Code and the National Stan-
dard is often complex, and the role of experts has been crucial to 
providing a comprehensive overview of the regulatory framework. 
Whenever a Building Code explicitly references a National Standard, it 
makes the latter legally binding. The mandatory nature of compliance 
with the requirements of a standard is often tied to specific cases, 
such as newly constructed public buildings. Furthermore, depending 
on the country, the requirements are associated with classifications, 
i.e., ranking systems with different classes associated with a scale of 
room criteria targets. These requirements can vary according to the ob-
jective: aspirational or operational. These shades contribute to sorting 
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and cataloging the analyzed documents as mandatory, not mandatory, 
or not explicitly defined.

The guidelines are typically developed by third parties, including 
local acoustical associations, as seen in the cases of China [47] and 
Italy [48], or by private companies, as exemplified by Estonia [45]. 
Additionally, they may be authored by associations of acoustic consul-
tants, such as those in Australia [49]. Table  2 reports Building Codes, 
National Standards, and Guidelines, and marks the documents with 
classification criteria.

The most common scenario involves mandatory Building Codes and 
recommended National Standards (unless when explicitly mentioned 
by Building Codes), as is the case in the United States [63,64], the 
United Kingdom [165,166], and Italy [146,147]. As observed in Ar-
gentina, the Building Code does not reference the National Standard, 
resulting in a lack of compliance between the two [70,169]. Whereas, 
in New Zealand, [51,57,58] and South Africa [102–104], Building 
Codes and Guidelines defining recommendations may be mandatory, 
while Standards are recommended. Standards can also be mandatory, 
as in countries like Russia [157] and South Korea [95], and only 
non-mandatory guidelines exist, like in Uruguay [82].

In some cases, Building Codes explicitly refer to specific classes 
(basic and enhanced requirements, or from A to F) to define a sufficient 
condition to guarantee proper acoustic quality. In other cases, they do 
not directly recall the classification scheme. By referring to a class, a 
Building Code emphasizes that regulatory requirements represent min-
imum standards, highlighting the possibility of voluntary specifications 
or designs for enhanced acoustic quality.

Document compliance affects the adherence to acoustic require-
ments. National Standards that are not mandated by Building Codes 
define aspirational and more stringent requirements. On the other 
hand, National Standards mandated by Building Codes typically define 
more accessible acoustic requirements that are sufficient for achieving 
adequate acoustics.

It is also essential to consider the diverse local policies governing 
the verification of compliance with technical standards. On this point, 
cultural and political differences emerge. The verification of parameters 
by a qualified professional entails costs that vary not only with local 
labor rates but also with the availability of trained personnel. In some 
contexts, the presence of (public or private) investment and a suffi-
cient number of qualified professionals enables the implementation of 
verification procedures. Additionally, cultural and political factors in-
fluence the strictness and tolerance with which compliance is assessed. 
Certain regulatory cultures rely on prototype designs or ‘‘best practice 
guidelines’’, effectively transferring responsibility for compliance to the 
adoption of those model solutions. Moreover, schools may be regarded 
as architectural and social landmarks, often featuring unique aesthetic 
solutions. This can affect the replicability of reliable design models. For 
these reasons, providing a comprehensive overview of how acoustic 
targets are verified across all contexts falls outside the scope of this 
work. 

3.2. Key component: sound absorption

There are two macro regulatory approaches in prescribing reference 
values. In the first approach, the reverberation time is a maximum and 
fixed value; in the second case, it depends on the room geometry. In 
some cases, starting from Sabine’s formula, the reverberation time is 
directly proportional to V/S (space geometry ratio), which is a length 
(e.g., the ceiling height, ℎ𝑐𝑒𝑖𝑙𝑖𝑛𝑔), as in the case of Norway for lecture 
halls [44]. In some other cases, the reverberation time requirement 
is expressed by a semilogarithmic equation as T = A log(V)+B, where 
A and B vary according to the space type, such as in the case of 
Germany [117]. An intermediate approach involves defining two or 
more size ranges for environments and prescribing a fixed value within 
each range, such as in the case of the US National Standard ANSI/ASA 
S12.60 [64].
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Table 2
Taxonomy with compliance information on Building Codes, National Standards, and Guidelines collected by the authors in the present work, divided into continents and countries. 
The documents can be not mandatory, mandatory(a), or not explicitly defined(b). They can include classification(c) as well. Further notes for each country and requirement, when 
needed, are explained in detail in Supplementary Material file.
 Country Building code National standard Guidelines  
 Oceania
 AU-NSW NSW DG 11 - Acousticsa [50]

AS/NZS 2107:2016 [51] AAAC Guidelines [49]

 
 AU-QLD Design Standards for DETE Facilitiesa [52]  
 AU-SA SA DIT Guidelinea [53]  
 AU-TAS DoE - Built Environment Guidea [54]  
 AU-VIC Vic BQSH - Building Quality Standards Handbooka [55]  
 AU-WA Education Design Standarda [56]  
 NZ Building Code – Clause G6b [57] DQLSa [58]  
 North America
 CA NBC of Canadaa [59] TDRa [60] CISG Guidelinesb [61]; DCCb [62] 
 US IBC - International Building Codea [63] ANSI/ASA S12.60-2010/Part 1 [64] CAA Guidelines [65]  
 ASHRAE [66]; ASHA [67]  
 Central and South America
 AR Law 24195b [68], CNBAE [69] IRAM 4044 [70] –  
 BR CONAMA 1/90a [71] NBR 12179b [72], NBR 10151a [73] EPEE Guidelinesb [74]  
 NBR 10152a [75]  
 CL – MINEDUC [76] –  
 CO NSR-10a [77] NTC 4595a [78] –  
 MX RCDFb [79] NADF-005-AMBT-2013b [80] –  
 NOM-081-SEMARNAT-1994b [81] –  
 UY – – Guía [82]  
 Asia
 AZ – GSRA - Music education programb [83] –  
 CN BS-MOUHRDa [84] GB 50118-2010a [85]; GB 50099-2011a [86] T/SASCc,b [47]  
 ID 718/MENKES/PER/XI/1987a [87] SNI 03-6386-2000 [88] –  
 IN NBC 2016 V2c,a [89] IS:2526-1963(2010)b [90] MSACD [91]  
 IS:88927-1978(2006)a [92]  
 JP BSLa [93] AIJES-S0001-2020 [94] –  
 KR – Enforcement rules of the school health act (2005)a [95] –  
 KZ Law 242b [96] – –  
 MY – – GENLCb [97]  
 PK BCP 2021b [98] – –  
 SG BCR 2003b [99] – HW Technical Guideb [100]  
 TR Turkish Regulation on Protection Against Noisec,a [101] – –  
 Africa
 ZA NBRa [102] SANS 10103:2008, Ed. 6 [103] DBE 2012a [104]  
 Europe
 AT OIB Regulation Nr. 5a [105] ÖNORM B 8115-2:2021 [106] ÖISS Guidelines [107]  
 ÖNORM B 8115-3:2023 [108]  
 BE – NBN-S01-400-2c,b [109] –  
 CH SBRa [110] SIA 181:2020b [111] SGA-SSA [112]  
 CZ decree 410/2005a [113]; decree 272/2011a [114] ČSN 730527a [115] –  
 DE BauGBa [116] DIN 18041:2016-03b [117] ASR A3.71a [118]  
 DK BR18a [119] – DBHA Guidelinesb [120]  
 EE EhSa [121] EVS-EN ISO RKASb [45]  
 ES CTE DB-HRa [122]; RD 1367/2007b [123] UNE 74201:2021c [124], NIDEb [125] GPCR [126]  
 FI YMA 2017a [127]; YM 2018a [128] SFS 5907-2022c [129] YM 2019b [130]  
 FR Order of April 25, 2003a [131]; CCHa [132] NF S31-057b [133] –  
 GR NOKa [134] Design Guidea [135] –  
 HR Regulation (EU) No 305/2011a [136] HRN DIN 18041:2024b [137] –  
 HU 253/1997 XII.20. decreea [138], decree 27/2008a [139] MSZ 2080:2020 [140] 5/2019.(IX.16.) ÉPMI [141]  
 IE SDG 02-05-03b [142] – –  
 IS BR 112/2012a [143], Regulation No. 724/2008a [144] ÍST 45:2016c [145] –  
 IT CAMa [146] UNI 11532-2:2020 [147] AIA Guidelines [48]  
 LT STR 2.01.07:2003c,a [148] – –  
 NL BD 2012a [149] PEFSc [150] –  
 NO TEK17a [151] NS 8175:2012c,a [44], NS 8179:2023b [152] Appendix B NS 8175:2012 [44]  
 PL UPB 2023a [153] PN-B-02151-4:2015-06a [154] –  
 PN-B-02151-2:2018-01a [155] –  
 PT Decree-Law n.º 96/2008a [156] – –  
 RU – SP 51.13330.2011a [157] –  
 – SanPiN 1.2.3685-21a [158] –  
 SE BBRa [159] SS 25268:2023c [160] Boverket’s handbookb [161]  
 Annex B SS 25268:2023 [160]  
 (continued on next page)
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Table 2 (continued).
 Country Building code National standard Guidelines  
 UA Law No. 2694-XIIa [162]; Law No. 4004-XIIa [163] DSN 3.3.6.037-991a [164] –  
 UK BR - Regulation E4a [165] BB93a [166] GPG Guidelines [167]  
 IOA&ANC Guidelines [168] 
a Mandatory.
b Not explicitly defined.
c Documents with classification criteria (basic and enhanced requirements, from A to F, etc.). See the text for further specifications and compliance details.
Moreover, a second consideration concerns whether the environ-
ment should be treated as occupied or unoccupied during the design 
phase. Here, the sound absorption of students can be a decisive factor 
depending on the age and the number of pupils. Some regulations 
explicitly mandate designing considering the occupancy, such as [117,
147]. For instance, in a primary school classroom with a volume of 
150 m3 and 25 pupils, the reverberation time is 0.53 s in occupied 
conditions and 0.63 s in unoccupied conditions. With regard to the 
frequency range, some regulations specify reference values exclusively 
for mid frequencies (500–1000 Hz) such as AS/NZS 2107:2016 [51], 
while others provide a broader spectrum, either on each band as in the 
case of the German [117] and the Italian [147] National Standard or 
as averaged values, like for Portugal [156].

Table  3 summarizes the reverberation time requirements across 
countries, offering an overview of the different approaches adopted by 
National Standards. In some countries, such as Australia, the United 
States, Japan, and France, they specify only an upper limit for re-
verberation time. Conversely, in countries like Germany, Italy, and 
Switzerland, a range with minimum and maximum limits is established. 
This latter approach may highlight the intent to reduce the teacher’s 
vocal effort [35]. There are National Standards going towards the direc-
tion of inclusive teaching, such as the Norwegian one [44], which were 
developed according to a universal design approach, without needing 
further adaptation or specialized design [170]. Different ways of set-
ting reverberation time limits correspond to cultural and behavioral 
differences, such as room occupancy and teaching methods.

Sound absorption requirements for lecture halls have been divided 
into two categories: large and small lecture halls, depending on the 
number of seats and/or the volume of the room. The threshold has 
been set at a value of 500 m3, with categories for up to 50 seats and 
more than 50 seats, in order to encompass all possible distinctions 
for this type of environment, as outlined in the analyzed National 
Standards. Despite these variations in size, the same target is applied 
in countries such as Australia, Germany, and Indonesia. However, in 
some cases, requirements differ, as seen in Colombia, Poland, and the 
United States. Other approaches apply no distinction between lecture 
halls, as in Canada, Iceland, and India. Moreover, a third scenario 
applies a uniform reverberation time requirement across all educational 
spaces, as observed in Chile, Portugal, and South Africa. Lastly, no 
reverberation time requirement is specifically set for lecture halls in 
the case of the Netherlands and Turkey.

3.3. Key components: speech intelligibility

Achieving adequate speech intelligibility is the implicit goal of all 
standards related to classroom acoustics. Nevertheless, only a limited 
number of standards explicitly require the attainment of a defined level 
of speech intelligibility. This is because intelligibility descriptors, such 
as STI, are generally considered to be strongly correlated with rever-
beration time. However, this correlation holds primarily at a statistical 
level and when referring to the classroom environment as a whole.

Speech intelligibility descriptors, by contrast, enable point-to-point 
assessments of verbal communication within the space. As such, they 
can be particularly useful in scenarios lacking clear boundary condi-
tions, e.g. open-plan classrooms, or in contexts where the source has a 
specific directivity and location to be optimized, as in the case of public 
address systems.
8 
Moreover, speech intelligibility is influenced by the signal-to-noise 
ratio, which in turn is a function of background noise. Although back-
ground noise in a classroom typically results from the sum of multiple 
sources, the most common regulatory guideline concerns a maximum 
allowable level of HVAC noise within the space. Further contributions 
from traffic noise and sound transmission from adjacent classrooms are 
generally addressed through sound insulation requirements, which are 
beyond the scope of the present work and therefore not discussed here.

Table  4 collects the A-weighted SPL of background noise require-
ments. Each country considers these requirements with specific bound-
ary conditions. In the case of background noise levels, the general trend 
sets a background noise level of 35 dBA, assessed with closed windows, 
the main continuously operating systems turned on, and in unoccupied 
conditions. However, there are countries such as Australia, in which 
the National Standard [51] for the large size lecture hall defines two 
different ranges of design sound level LA,eq, one without speech re-
inforcement (range of 30–35 dBA as reported in Table  4) and one 
with speech reinforcement (range of 30–40 dBA). There are countries 
like the United States in which the National Standard ASHRAE [66] 
defines the maximum values for HVAC background noise according to 
the space type. In classrooms, it is equal to 35 dBA, while in large 
lecture halls, it is equal to 35 or 30 dBA, depending on the presence or 
absence of a PA system, respectively. There are countries like Mexico, in 
which the NOM-081-SEMARNAT-1994 establishes the maximum limit 
for background noise by stationary sources in school environments 
(55 dBA), defined only for outdoor playgrounds during playing hours. 
There are countries in which the background noise level is considered 
the external intrusion noise measured in unoccupied conditions. In 
China, this measurement is taken with fan systems switched off and 
windows closed [47], while in South Korea, it is taken with open 
windows [95]. Other National Standards, such as Belgian’s [109], states 
that in the case of spaces for hearing-impaired students, the maximum 
background noise level is 4 dB lower than the value provided in Table 
4, always remaining higher than 30 dB (see Table 6 in [109]). Some 
other countries, such as Iceland and Norway, provide further reference 
values with HVAC systems switched off, in addition to the background 
noise levels reported in the table. Table  5 presents the STI requirements 
for countries that have established such criteria. 

Although the STI requirements are not as widely adopted as the 
background noise requirements, an increasing inclusion of STI criteria 
in relevant documents over recent years is evident. In standards such 
as Norway’s [44], ordinary classrooms do not have specific STI require-
ments, while open-plan classrooms have a minimum STI requirement 
of 0.70. Similar to open-plan offices, open-plan teaching spaces require 
high values of STI within the same workgroup and moderate STI values 
between different work groups to enhance concentration and reduce 
distraction [172,173]. Countries such as Australia [49] and the United 
Kingdom [166] define STI requirements only for open-plan teaching 
spaces. In Finland [129], the STI must be greater than or equal to 0.7 
at a certain distance from the teacher (3 m) and less than 0.5 at an 
8 m distance from the teacher. In the United Kingdom [166], the STI 
must be greater than or equal to 0.6 in the case of instruction or critical 
listening activity within the group and less than or equal to 0.3 between 
groups. The trend of incorporating STI with PA and corresponding 
space types is evident. In 2020, UNI 11532-2 [147] established STI re-
quirements applicable across various environments, regardless of their 
volume, with a minimum STI value of 0.60. The AAAC Guidelines [49], 
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Table 3
Summary of the different methods for defining reverberation time requirements based on geometry and occupancy features, where V is the volume, A the total equivalent 
sound-absorbing area, ℎ𝑐𝑒𝑖𝑙𝑖𝑛𝑔 the height of the room, and 𝑆𝑓𝑙𝑜𝑜𝑟 is the floor’s surface. Further notes for each country and requirement, when needed, are explained in detail in the 
Supplementary Material file.
 Country Ref. T (s) Condition  
 Lecture hall Classroom Open-plan Inclusive learning  
 Large size Small size classroom environment  
 Oceania
 AU [51] (0.32 logV)−0.17 (0.32 logV)−0.17 (0.32 logV)−0.17 (0.32 logV)−0.17 (0.32 logV)−0.17 unocc.  
 NZ [51] (0.32 logV)−0.17 (0.32 logV)−0.17 (0.32 logV)−0.17 (0.32 logV)−0.17 (0.32 logV)−0.17 unocc.  
 North America
 CA [60] Special project Special project 0.6 – – unocc.  
 US [64] Special project (V >

566m3)
0.7 (283m3 < V ≤
566m3)

0.6 (V ≤ 283m3) 0.6 (V ≤ 283m3) 0.3 (V ≤ 283m3) unocc.  

 Central and South America
 AR [69] 0.65 0.65 0.65 0.65 0.65 –  
 BR [72] (0.29 logV)−0.11 (0.29 logV)−0.11 (0.29 logV)−0.11 (0.29 logV)−0.11 (0.29 logV)−0.11 occ.  
 CL [76] 0.9–1.0 (V >

566m3)
0.7 (283m3 < V ≤
566m3)

0.6 (V ≤ 283m3) 0.6 (V ≤ 283m3) 0.6 (V ≤ 283m3) –  

 CO [78] – (V > 566m3) 0.7 (283m3 < V ≤
566m3)

0.6 (V ≤ 283m3) 0.6 (V ≤ 283m3) – occ.  

 MX [81] – – – – – –  
 UY [82] – – – – – –  
 Asia
 AZ [83] – – – – – –  
 CN [47] 0.8 (V > 200m3) 0.8 (V > 200m3) 0.6 (V ≤ 200m3) – – unocc.  
 ID [88] (0.35 logV)−0.19 (0.35 logV)−0.19 (0.35 logV)−0.19 0.5–0.6 – unocc.  
 IN [89,90] (0.18 logV)+0.3 (0.18 logV)+0.3 (0.18 logV)+0.3 – 0.5 occ.  
 JP [94] 3 10−4 V+0.5 3 10−4 V+0.5 0.6 (V ≈ 200m3) 0.6 (V ≈ 200m3) 0.4 (V ≈ 300m3) unocc.  
 KR [95] – – – – – –  
 KZ [96] – – – – – –  
 MY [97] – – – – – –  
 PK [98] – 0.7 (285m3 < V ≤

565m3)
0.6 (V ≤ 285m3) 0.6 (V ≤ 285m3) 0.6 (V ≤ 285m3) unocc.  

 SG [100] 0.6–0.8 0.6–0.8 0.3–0.7 0.3–0.7 0.3–0.7 unocc.  
 TR [101] – – 0.8 – – unocc.  
 Africa
 ZA [104] 0.6–0.7 0.6–0.7 0.6–0.7 0.6–0.7 0.6–0.7 –  
 Europe
 AT [105] (0.37 logV)−0.14 (0.37 logV)−0.14 (0.32 logV)−0.17 – (0.32 logV)−0.17 occ.  
 BE [109] 0.35 (log1.25V) 0.35 (log1.25V) 0.35 (log1.25V) Special project 0.28 (log1.25V) unfurn. unocc. 
 CH [111] (0.37 logV)−0.14a (0.37 logV)−0.14a (0.32 logV)−0.17a (0.32 logV)−0.17a (0.26 logV)−0.14a occ.  
 CZ [115] (0.52 logV)-0.64a (0.52 logV)-0.64a 0.7 (V ≤ 250m3) – – occ.  
 DE [117] (0.37 logV)−0.14a (0.37 logV)−0.14a (0.32 logV)−0.17a (0.32 logV)−0.17a (0.26 logV)−0.14a occ.  
 DK [119] Special project Special project 0.6 A ≥ 1.3  𝑆𝑓𝑙𝑜𝑜𝑟 0.4–0.5 unocc.  
 EE [121] Special project Special project 0.6–0.8 – 0.6–0.8 unocc.  
 ES [122] Special project (V >

350m3)
0.7 (V ≤ 350m3) 0.7 (V ≤ 350m3) 0.7 (V ≤ 350m3) 0.7 (V ≤ 350m3) unfurn. unocc. 

 FI [129] 0.5–0.7 0.5–0.7 0.5–0.7 0.5 0.5–0.7 unocc.  
 FR [131] 0.6-1.2 (V >

250m3)
0.6-1.2 (V > 250m3) 0.4-0.8 (V ≤

250m3)
– – unocc.  

 GR [135] – – – – – –  
 HR [137] (0.37 logV)−0.14a (0.37 logV)−0.14a (0.32 logV)−0.17a (0.32 logV)−0.17a (0.26 logV)−0.14a occ.  
 HU [140] (0.44 logV)-0.36a 0.7 (V ≤ 250m3) 0.7 (V ≤ 250m3) – – unocc.  
 IE [142] – – 0.6 (I); 0.8 (II) – – unocc.  
 IS [145] Special project Special project 0.6 0.4 0.5 unocc.  
 IT [147] (0.37 logV)−0.14a (0.37 logV)−0.14a (0.32 logV)−0.17a (0.32 logV)−0.17a (0.26 logV)−0.14a occ.  
 LT [148] Special project Special project 0.8 – 0.6 unocc.  
 NL [150] – – 0.8 – – unocc.  
 NO [44] 0.20  ℎ𝑐𝑒𝑖𝑙𝑖𝑛𝑔 0.20  ℎ𝑐𝑒𝑖𝑙𝑖𝑛𝑔 0.5 0.4 0.5 unocc.  
 PL [154] 1.0 (500m3 < V ≤

2000m3)
0.8 (250m3 < V ≤
500m3)

0.6 (120m3 < V ≤
250m3)

– 0.4 (120m3 < V ≤
250m3)

unocc.  

 PT [156] 0.15V1∕3 0.15V1∕3 0.15V1∕3 0.15V1∕3 0.15V1∕3 unocc.  
 RU [157] (0.26 logV)+0.09 (0.26 logV)+0.09 – – – occ.  
 SE [160] Special project 0.6 (V > 200m3) 0.5 (V < 200m3) Special project – unocc.  
 UA [164] – – – – – –  
 UK [166] 1.0 0.8 0.6 (I); 0.8 (II) 0.5 0.4 unocc.  
a Equations defining target reverberation time with maximum and minimum requirements.
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Table 4
A-weighted SPL of background noise requirements for lecture halls (large and small), classrooms, open-plan classrooms, and inclusive learning environments, as defined by National 
Standards worldwide. Further notes for each country and requirement, when needed, are explained in detail in the Supplementary Material file.
 Country Ref. Lecture hall Classroom Open plan Inclusive learning Noise type description according to the National 

Standard
 

 Large size Small size classroom environment  
 Oceania
 AU [49,51] 30–35 30–35 35–45 35–45 35–45 Design range for ambient noise levels  
 NZ [51] 30–35 30–35 35–45 35–45 35–45 Design range for ambient noise levels  
 North America
 CA [60] 25–30 25–30 25–30 30–35 – Noise limits for HVAC design  
 US [64] 40 35 35 35 35 Greatest 1-h avg. A-weighted sound levels of 

exterior-source of background noise
 

 40 35 35 35 35 Greatest 1-h avg. A-weighted sound levels of 
interior-source of background noise

 

 Central and South America
 AR [70] 35–45 35–45 35–45 35–45 35–45 NC40 limit for unoccupied rooms  
 BR [75] 30 35 35 – 35 Indoor average SPL  
 CL [76] – – – – – –  
 CO [78] 40 35 35 35 – Maximum ambient noise levels  
 MX [81] 55 55 55 55 55 Maximum noise from stationary sources, external 

areas in schools during play
 

 UY [82] 35 35 35 35 35 Permissible sound immission levels in enclosures  
 Asia
 AZ [83] – – – – – –  
 CN [47] 35–40 35–40 35–40 – – Indoor activity noise levels: 35 high req., 40 low 

req.
 

 ID [88] 25 30 35 40 – Average SPL  
 IN [89,90,92] 35–40 35–40 40–45 – – Acceptable indoor noise levels  
 JP [94] 40 40 40 – – Recommended indoor noise levels  
 KR [95] 55 55 55 55 55 Sound levels of the noise from both internal and 

external sources outside the school premises
 

 KZ [96] – – – – – –  
 MY [15] – – – – – –  
 PK [98] – – 35 – – Ambient noise levels due to intruding noise from 

sound sources outside of the classroom
 

 – – 35 – – Ambient noise levels from sound sources inside the 
classroom

 

 SG [100] – – – – – –  
 TR [101] – – 39 – – Indoor noise levels (class C)  
 Africa
 ZA [103] 25 30 35 – – Design equivalent continuous rating levels for 

ambient noise
 

 Europe
 AT [105] 40 40 40 40 40 Sound emission from technical systems for the 

conditioning of buildings when transmitted outdoors
 

 BE [109] 30 35 35 40 31 Standardized stationary service equipment noise 
levels

 

 CH [111] 35 35 35 35 35 Background noise due to ventilation and other 
technical equipment

 

 CZ [114] 45 45 45 – – Permissible background noise in occupied conditions 
 DE [117] 35 35 35 35 35 Recommended maximum levels for A-weighted 

equivalent continuous sound levels of background 
noise

 

 DK [119] 35 35 35 35 35 Limit values for noise from technical installations  
 EE [45] 35 35 35 – 35 Noise levels from traffic  
 35 35 35 – 35 Noise levels of technical systems  
 ES [123] 40 40 40 40 40 Indoor background noise values referring to the 

acoustic emitters that affect the interior environment
 

 [124] 24 24 24 24 24 Continuous building service equipment noise from 
outdoor and indoor (class A)

 

 FI [129] 33 33 33 33 – Sound levels caused by building technical equipment 
(class A2)

 

 35 35 35 35 – Sound levels caused by a sound source outside the 
building (class A2)

 

 FR [131] – – – – – –  
 (continued on next page)
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Table 4 (continued).
 Country Ref. Lecture hall Classroom Open plan Inclusive learning Noise type description according to the National 

Standard
 

 Large size Small size classroom environment  
 GR [135] 60 60 60 60 60 External noise limit  
 HR [137] 35 35 35 35 35 Limit values for noise from technical installations  
 HU [139] 40 40 40 – – Internal noise levels  
 40 40 40 – – Traffic noise levels  
 IE [142] – – 35 – – Indoor ambient noise levels in unoccupied spaces  
 IS [145] 30 30 30 30 25 Indoor sound levels from technical equipment (class 

C, except incl. learn. env. in class B)
 

 30 30 30 30 25 Indoor sound levels from traffic (class C, except incl. 
learn. env. in class B)

 

 30 30 30 30 25 Indoor sound levels from other outdoor sources 
(class C, except incl. learn. env. in class B)

 

 IT [147] 41 38 38 38 38 Noise reference values due to continuously operating 
facilities

 

 41 38 38 38 38 Ambient noise levels  
 LT [171] 45 45 45 – 45 Permissible indoor noise levels  
 NL [150] – – 35 – – Installations noise levels  
 NO [44] 28 28 28 28 28 Indoor sound levels from service equipment (class C) 
 30 30 30 30 30 Indoor sound levels from outdoor sound sources 

(class C)
 

 PL [154,155] 35 35 35 – – Maximum equivalent SPL allowed  
 PT [156] 35 35 35 35 35 Noise reference values due to continuously operating 

facilities
 

 RU [157,158] 40 40 40 – 40 Equivalent noise levels  
 SE [159,160] 30 30 30 30 30 Background equivalent sound levels from technical 

installations, lifts or other traffic than its own traffic
 

 UA [164] 50 50 50 50 50 Permissible equivalent sound pressure levels  
 UK [166] 35 35 35 40 30 Indoor ambient noise levels (new build)  
 40 40 40 45 35 Indoor ambient noise levels (refurbished)  
Table 5
The STI requirements for lecture halls (large and small), classrooms, open-plan classrooms, and inclusive learning environments, as defined by National Standards worldwide. 
Further notes for each country and requirement, when needed, are explained in detail in the Supplementary Material file.
 Country Ref. Lecture hall (Large) Lecture hall (Small) Classroom Open plan Inclusive learning
 No PA PA No PA PA No PA PA No PA PA No PA PA  
 CL [76] 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6  
 DE [117] 0.58 – 0.58 – – – – – – –  
 FI [129] 0.7 – 0.7 – 0.7 – 0.7 – – 0.75 
 IT [147] 0.50 0.60 0.50 0.60 0.55 0.60 0.55 0.60 0.55 0.60 
 NO [44] – – – – – – – 0.7 – –  
 PL [154,155] 0.6 – 0.6 – 0.6 – – – – 0.6  
 SE [159,160] 0.6 – – – – – – – – –  
 UK [166] – – – – – – 0.6 – – –  
published in 2018, specified STI thresholds ≥0.65 for lecture halls and 
a higher threshold ≥0.70 for open-plan classrooms. Similarly, in 2012, 
NS 8175 [44] focused exclusively on open-plan classrooms, mandating 
STI  ≥0.70. DIN 18041, first introduced in 2004 [174], addressed 
lecture halls and classrooms with a minimum STI of 0.56, while its 2016 
revision [117] increased the requirement for lecture halls to ≥0.58.

3.4. Prescriptions for ancillary spaces

Ancillary learning spaces are informal learning and social interac-
tion areas beyond traditional classrooms. These spaces present unique 
acoustic challenges. High noise and reverberation in areas such as 
kindergartens, sports facilities, and dining halls require noise control 
measures such as ceiling treatments. Circulation spaces need strategies 
to minimize noise transmission into nearby classrooms, highlighting 
the importance of sound insulation in walls and partitions. Table  6 
illustrates reverberation time and background noise requirements for 
ancillary spaces, ranging from kindergartens to dining areas.

Circulation spaces exhibit the most remarkable diversity of acoustic 
requirements. For instance, in several countries, circulation spaces are 
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regulated by specifications for the sound absorption coefficient (𝛼) or 
a minimum equivalent sound absorption area (𝐴) [175]. In France, 
the Building Code [131] mandates a minimum 𝛼 of 0.8 for ceiling 
surfaces in common spaces, including corridors and atria with a volume 
of 𝑉 < 250 m3. Similarly, CR’s National Standard stipulates 𝛼 ≥ 0.8 for 
ceiling surfaces in ancillary spaces such as canteens, reading rooms, 
and playrooms in kindergartens. In Poland, the National Standard 
specifies an equivalent sound absorption area of 𝐴 ≥ 0.4𝑆floor for 
staircases and 𝐴 ≥ 1.0𝑆floor for corridors in kindergartens and schools. 
In Denmark, the requirement 𝐴 ≥ 1.2𝑆floor must be met for common 
areas. In Portugal, the Building Code [156] mandates 𝐴 ≥ 0.25𝑆floor for 
sound-absorbing ceilings in atria and high-traffic corridors.

Tables  2, 3, 4, 5, and 6 summarize the extensive information col-
lected. However, each regulation incorporates specific shades, interpre-
tations, or particular notes that are challenging to categorize through 
tables. Detailed notes and extra remarks on the gathered documents are 
described in the Supplementary Material file to expand the information 
provided in the tables. The role of experts was crucial in understanding 
the particularities of each standard and document.
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Table 6
Ancillary spaces and their requirements in school facilities, according to the collected documents, for each country and continent. The used symbols are: □ both reverberation 
time and background noise requirements; ⊕ only reverberation time requirements; ▵ only background noise requirements; ⋈ further requirements (e.g., 𝛼, STI, A/V); and – no 
requirements. Further notes for each country and requirement, if needed, are explained in detail in the Supplementary Material file.
 Country Ref. Kindergarten Music room Sport facilities Laboratory Library Dining area Circulation spaces 
 Oceania
 AU [49,51] □ □ □ □ □ □ □  
 NZ [51,58] – □ □ □ □ □ □  
 North America
 CA [60] ⊕ ⊕ ⊕ □ – ▵ □  
 US [64] □ □ ▵ □ □ ▵ □  
 Central and South America
 AR [70] ▵ ▵ ▵ ▵ ▵ ▵ ▵  
 BR [75] ▵ ▵ ▵ ▵ ▵ ▵ ▵  
 CL [76] ⊕ ⊕ ⊕ ⊕ ⊕ ⊕ ⊕  
 CO [78] □ □ ▵ □ □ ▵ –  
 MX [81] – – – – – – –  
 UY [82] – – – – – – –  
 Asia
 AZ [83] – ⋈ – – – – –  
 CN [47] – □ □ □ □ □ □  
 ID [88] – □ ▵ ⊕ ▵ ▵ □  
 IN [89] – □ ⊕ – ▵ □ –  
 JP [94] – □ □ □ □ ⋈ ⋈  
 KR [95] ▵ ▵ ▵ ▵ ▵ ▵ ▵  
 KZ [96] – – – – – – –  
 MY [97] – – – – – – –  
 PK [98] □ □ □ □ □ □ □  
 SG [100] – ⊕ ⊕ – ⊕ – –  
 TR [101] □ □ □ □ □ □ □  
 Africa
 ZA [103,104] □ □ □ □ ⊕ ⊕ □  
 Europe
 AT [105] □ – □ – – □ ⋈  
 BE [109] □ □ □ □ □ □ ⋈  
 CH [111] □ □ □ □ □ □ –  
 CZ [114,115] ⋈ □ □ □ ⋈ ⋈ ⊕  
 DE [117] □ □ □ □ □ □ –  
 DK [119] – □ □ – ▵ ⊕ ⋈  
 EE [45] – □ □ □ – – –  
 ES [122,123,125] □ – ⊕ – ▵ ⊕ ⊕  
 FI [129] □ □ □ – – □ □  
 FR [131] ⊕ ⊕ ⊕ – ⊕ ⊕ ⊕  
 GR [135] ⋈ ⋈ ⋈ ⋈ ⋈ ⋈ ⋈  
 HR [137] □ □ □ □ □ □ –  
 HU [139,140] □ – ⊕ ⊕ ⊕ ⊕ ⊕  
 IE [142] – □ □ □ □ □ □  
 IS [144,145] □ □ □ □ ▵ □ ⊕  
 IT [147] □ □ □ □ □ □ ⋈  
 LT [148] ⊕ – ⊕ – – – ⊕  
 NL [150] – – – – – – –  
 NO [44] □ □ □ □ □ □ □  
 PL [154,155] ▵ ▵ □ □ □ □ □  
 PT [156] – – □ – □ □ ⋈  
 RU [157,158] – ▵ ▵ – ▵ ▵ –  
 SE [160] □ ⊕ ⊕ – – ⊕ ⊕  
 UA [164] ▵ ▵ ▵ ▵ ▵ ▵ ▵  
 UK [166] □ □ □ □ □ □ □  
4. Real-use classrooms worldwide

Sound absorption in active classrooms involves the presence of oc-
cupancy, regardless of the specific conditions examined for compliance 
with acoustic requirements. The sound absorption provided by students 
is affected by the students’ age and the ratio between the room’s volume 
and the number of occupants [176–178].

Collecting data about occupancy worldwide in each school order 
required a substantial contribution from the screened experts, given 
the difficulties in retrieving such details. The resulting data – com-
bined adequately with occupancy and geometrical data obtained by 
12 
documents – highlights trends of correlations. Fig.  2 shows the average 
room volume against the average number of occupants differentiated 
by continent for primary and secondary schools. The corresponding 
standard deviations values are provided through error bars, except for 
Africa, which lacks statistical significance according to the collected 
data. The average volumes were derived from the average floor surfaces 
and average ceiling heights.

On a global scale, the data reveals that the average volume for 
each pupil in both primary and secondary schools is approximately 
6.25 m3/person (average density of 0.18 person/m3). Yet, the suitable 
volume per person ratio spans from 3 to 6 m3/person for verbal 
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Fig. 2. Room volume against the average number of occupants for primary and 
secondary schools, differentiated by continent. Mean values are provided along with 
the data standard deviation (error bars). Data are taken from literature, government 
websites, or other documents, as well as experts’ experiences.

communication in primary schools [48,117]. From another point of 
view, Fig.  2 highlights different approaches across continents for ac-
commodating students in educational environments, shedding light on 
the consequent differences in the acoustic design process. For instance, 
Oceania, North America, and Europe show higher values, while Central 
and South America, Asia, and Africa have lower values than the mean 
volume per person. A similar statistics can be also found in Razali 
et al. [15].

4.1. Demo environments

The collected data allow for an analysis of the relationship between 
the two identified key components – sound absorption and speech 
intelligibility – and the spaces in active conditions. The reference values 
for these components, as specified in regulations, are predominantly 
established under unoccupied conditions.

A set of demo environments, differentiated by dimensions, occu-
pancy, and activities, is defined below to provide a consistent summary 
of acoustic requirements by worldwide National and International stan-
dards. As Table  3 highlights the strong dependence of reverberation 
time requirements on room dimensions, a specific volume (V) and occu-
pancy (N) were associated with each category. The demo environments 
are:

A: a large lecture hall with V=1200 m3 (length-to-width ratio 
around 1:10) and N=160 students,

B: a small lecture hall with V=500 m3 (length-to-width ratio around 
1:5) and N=80 students,

C: a regular classroom with V=170 m3 and N=25 students,
D: an open-plan classroom with V=170 m3 and N=25 students,
E: an inclusive learning environment with V=170 m3 and N=25 
students.

The present section compares the reverberation time in unoccupied and 
occupied conditions in the demo environments.

The presence of adults (university students) was considered in lec-
ture halls (A and B), whereas the presence of pupils (primary school 
students) was considered for regular, open-plan, and inclusive class-
rooms (C, D, and E). The minimum, the lower quartile, the median, 
the upper quartile, and the maximum values are provided for each 
configuration. The first remark refers to the values’ overall spread, 
which shows the highest variability in large lecture halls (A), spanning 
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from 0.54 s to 1.59 s in unoccupied conditions. Conversely, regular 
classrooms (C) show the lowest spread of values, ranging from 0.50 
s to 0.83 s. In general, occupied conditions show a lower spread of 
the values compared to the unoccupied conditions for all the demo 
environments, suggesting higher homogenization of reverberation time 
requirements in real-use active conditions. The second consideration 
concerns the maximum values, which assume the same value (0.83 s) 
for regular classrooms, open-plan classrooms, and inclusive learning 
environments in unoccupied conditions. In cases A, B, and C, the longer 
whisker on the lower side suggests that there is a larger variance 
among the lower values, both in unoccupied and occupied conditions. 
Finally, regular classrooms show a closer concentration of values at the 
bottom of the boxes, with a strongly skewed distribution: a median 
(0.61 s) close to the lower quartile (0.60 s) in unoccupied conditions 
and a median coincident with the lower quartile (0.54 s) in occupied 
conditions. Consistently, open-plan classrooms show a closer concen-
tration of data at the top of the boxes and around the same values: 
a median (0.60 s) close to the upper quartile (0.61 s) in unoccupied 
conditions and a median coincident with the upper quartile (0.54 s) in 
occupied conditions. Extra details are provided in the Supplementary 
Material file. The detailed data on the conditions and frequencies of the 
learning environments presented in Section 1.2 of the Supplementary 
Material file provide evidence about variations in worldwide regulatory 
frameworks and their potential influence on different acoustic design 
strategies.

Further analysis enables the comparison between the worldwide 
required reverberation time in real-use conditions, i.e., in occupied 
conditions, in primary and secondary school classrooms, divided by 
continents (see Fig.  4). As before, reverberation time values were con-
verted to furnished and unoccupied conditions. Then, the occupancy 
was added, considering 80% of the average nominal occupancy for 
primary and secondary school classrooms and the equivalent sound ab-
sorption area (𝛥𝐴1𝑝𝑢𝑝𝑖𝑙) according to [147]: 0.28 m2 for primary school 
and 0.43 m2 for secondary school (averaged between 500–1000 Hz).

From a global point of view, the occupancy tends to homogenize 
the overall requirements (around 0.5 s), confirming what had already 
emerged in Fig.  3. There are slight differences among continents regard-
ing the impact of occupancy on the reverberation time requirements. 
This is justified by the minor discrepancies in the average number of 
pupils for primary and secondary school classrooms worldwide. Even 
though in Central and South America there is higher pupil/volume 
density than in North America (see Fig.  2), Oceania, North America, 
Central and South America show similar trends, as they all reference the 
ANSI/ASA S12.60-2010 and the AS/NZS 2107:2016. The lowest mean 
reverberation time values required in occupied conditions are shown 
for Asia, where the occupancy is higher (see Fig.  2). The statistical 
significance of information concerning Africa is null, due to the limited 
data collected.

The consistency of acoustic requirements is remarkable given the 
extensive dataset, visually represented by four bubbles for unoccupied 
and occupied conditions in Fig.  4. The prevalence of 0.6 and 0.7 s 
for unoccupied reverberation times across European countries, mir-
roring trends on other continents, underscores a fundamental global 
agreement on the acoustic conditions essential for effective learning 
and communication. This general universal understanding of proper 
classroom acoustics highlights the significance of this database for 
national acoustic settings. The analysis, revealing substantial overlap 
in key acoustic parameters, provides a valuable reference. If the design 
of educational spaces according to National Standards aligns with these 
common bubbles of acoustic values, there is a high likelihood of achiev-
ing successful acoustic quality in the educational spaces.  The trend of 
targeting an unoccupied reverberation time in the range of 0.6 – 0.7 s 
corresponds to estimated values of approximately 0.5 s under occupied 
conditions. This reverberation value may be considered a lower thresh-
old for environments designed for traditional teaching. Indeed, it has 
been demonstrated that the teacher’s speech level decreases according 
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Fig. 3. Statistical distribution of reverberation time requirements in unoccupied and occupied conditions for each demo environment. The minimum, the lower quartile, the 
median, the upper quartile, and the maximum value are provided. Note: A refers to ‘‘large lecture hall’’, B refers to ‘‘small lecture hall’’, C refers to ‘‘regular classroom’’, D refers 
to ‘‘open-plan classroom’’, and E refers to ‘‘inclusive learning environment’’.
Fig. 4. Reverberation time requirements in unoccupied and occupied conditions for classrooms of primary and secondary schools worldwide. The dimension of the bubble is 
directly proportional to the number of countries having that requirement.
Fig. 5. Trend along the years for National Standards including the reverberation time 
in occupied conditions (𝑇𝑜𝑐𝑐 ).

to a multiple of the slope defined by the revised theory [2,16,179], and 
that this slope increases as the reverberation time decreases.

Values of 𝑇 < 0.5 s do not ensure adequate spatial uniformity of 
the speech level within the student-occupied area, nor an acceptable 
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signal-to-noise ratio at more distant listener positions, where the latter 
is influenced by the background noise level. Furthermore, to ensure an 
adequate speech level at teacher–student distances exceeding 5 m, an 
increased vocal effort by the teacher is required, potentially leading to 
occupational voice disorders [180,181].

In Europe, there are cases in which the reverberation time under oc-
cupied conditions drops to 0.4 s or below. In such acoustic conditions, 
it becomes necessary to limit the teacher–student distance and ensure a 
low background noise level, which depends on factors such as acoustic 
insulation, minimal HVAC noise, and controlled student activity levels.

4.2. Occupied conditions: evolution of acoustic standards

National standards have been continuously evolving with significant 
signs of progress in the last 20 years. For instance, several coun-
tries have introduced acoustic design guidelines for schools to prevent 
potential problems [49,65,168].

Fig.  5 displays the number of the National Standards including the 
reverberation time in occupied conditions along a timeline since 1960. 
Data shows an exponential growth in active conditions starting in 2010, 
and an increasing trend in the successive years. Fig.  5 shows that sixty 
years ago, some local standards, such as IS:2526 and DIN 18041, al-
ready considered the reverberation time requirement under active, and 
therefore occupied, conditions. Over the past fifteen years, the inclusion 
of this requirement in National Standards has significantly increased. 
This progression illustrates the evolution of acoustic standards and the 
move towards more specific definitions of environmental performance 
criteria.
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5. Conclusions

The present article aims to capture the updated state-of-the-art 
worldwide regulatory framework on classroom acoustics, expanding 
the existing literature reviews. The data collection was carried out 
through research on databases and contacting over 138 experts from all 
over the world. Replies were obtained from around 80 experts across 
more than 50 countries through direct conversations and email corre-
spondence over one year. Contacting the experts proved to be crucial 
to unlocking sources, compliance, room criteria, and non-acoustic fea-
tures. Notwithstanding the inevitable variety of regulatory approaches, 
the data analysis highlighted the influence of common factors in deter-
mining room criteria requirements. For room criteria, the non-acoustic 
features (i.e., size, furniture, occupancy) play a key role.

Among the various existing regulatory approaches, the most com-
mon scenario involves mandatory Building Codes and recommended 
National Standards, whereas Guidelines are generally practical recom-
mendations. The overview of reference values for classroom acoustics 
criteria outlines a prevalence of limit values for reverberation time and 
background noise, rather than speech intelligibility. The reverberation 
time depends on the size of the room and the material properties of the 
room’s surfaces, including furnishings. The background noise is influ-
enced by the structural features and the sound-insulating properties of 
façades and walls, as well as the indoor noise (HVAC system). Hence, 
there is a strong relationship between the former two criteria and 
the acoustic design of learning environments. In contrast, the speech 
intelligibility measurements are generally adopted as a test validating 
the overall classroom acoustic design. For this reason, intelligibility re-
quirements are rarely encountered in the regulatory framework, except 
for lecture halls and open-plan classrooms. A set of demo environments, 
differentiated by dimensions, occupancy, and activities was defined to 
provide a consistent summary of acoustic requirements by worldwide 
National and International standards.

Despite the different densities of students among continents, out-
comes show common trends for acoustics requirements in real-use 
conditions, i.e., in furnished and occupied configurations. Apart from 
slight differences, the most recurrent range required for reverberation 
time in active configuration spans from 0.4 s to 0.6 s. This target 
range is aligned with the scientific literature focused on classroom 
acoustics’ effects on learning (cognitive aspects) and teaching (vocal 
effort) processes. Moreover, data shows an exponential growth of Na-
tional standards including reverberation time requirements in active 
conditions over the years.

Indeed, there are intrinsic limitations underlying the approach 
adopted in the present study. First, all the data collected and reported 
in Section 3 strongly depends on the information provided by the 
contacted experts, their availability, and translation. Hence, the dis-
parities in the amount of data given for each country significantly 
vary accordingly. Second, the variety of sources, such as databases, 
documents, graphs, and tables, influences the experts’ (and inevitably 
the authors’) interpretation of data. Furthermore, non-prescriptive cat-
egories’ definitions can lead to distinct interpretations of requirements 
themselves. The ancillary spaces, such as music rooms, sports facilities, 
laboratories, libraries, and dining areas, are typical examples of the 
multi-faceted interpretation of the corresponding requirements. When 
they are explicitly mentioned, in some cases, they have to fulfill specific 
acoustic requirements, while in some other cases, they are comparable 
to learning environments. Further lexical ambiguities may concern 
the inclusion of the lecture halls into the general ‘‘classroom’’ or 
‘‘teaching spaces’’ category when not explicitly defined. Recognizing 
these limitations allows for a more reliable interpretation and potential 
applicability of the research outcomes, aiming at clearer directions for 
future works.

The present review aspires to be a valuable tool for various inter-
ested groups. Acousticians, academics, and members of standardization 
bodies would benefit from a comprehensive and accessible summary of 
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room acoustics requirements for learning environments. Having access 
to a taxonomy of technical documents, along with a substantial collec-
tion of references for direct consultation, enables the identification of 
trends and the detection of potential gaps to address in future efforts.
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