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Abstract

Indoor soundscapes, increasingly recognized for their impact on well-being, are gaining attention as
schools transition from traditional acoustic approaches to a more holistic soundscape approach. This
study examines the factors influencing school indoor soundscapes and their integration into the Inter-
national Organization for Standardization (ISO) 12913-1:2014 conceptual framework for soundscapes.
Data were collected through interviews with 20 teachers and two focus groups involving school staff
and acoustics experts. Thematic analysis identified three key themes: acoustic factors (e.g. effec-
tive hearing and resting), user-related factors (e.g. expectations, experiences, and sensitivities), and
school-related factors (e.g. teaching strategies, time schedules, and space use). Findings highlight the
importance of balancing noise reduction with the introduction of positive sounds to create restorative
environments that support well-being. User factors dominate discussions, reflecting the centrality of
individual experiences and needs in shaping school soundscapes. Integrating these factors into the ISO
framework provides a structured approach to understanding school soundscapes, emphasizing the
interaction between sound sources, context and perceptual responses. This study demonstrates the
shift from traditional noise control to soundscape designs in schools, providing insights for indoor
environments.
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Introduction personal expectations.* In this framework, concepts such as

. . acoustic comfort, the perceived appropriateness or pleas-
The term ‘soundscape’ refers to the acoustic environment ’ p pprop p

as perceived or experienced by individuals in context, as
defined by ISO 12913-1:2014." This concept, initially intro-
duced by Schafer’ and expanded by Truax,’ underscores
the role of human perception and contextual factors in
shaping acoustic experiences. It recognizes the subjective
and contextual nature of sound perception, incorporating
both physical sound sources and human responses to them.
This definition highlights the subjective and contextual
nature of sound perception, encompassing both the physical
characteristics of the acoustic environment and the psy-
chological, social and cultural responses of individuals to
those sounds. The soundscape approach thus moves beyond
objective noise measurements to consider how sounds
are appraised in relation to activities, spatial context and

antness of the auditory environment are shaped not only
by measurable parameters (e.g. loudness, reverberation) but
also by users’ interpretations and experiences.’

Individuals typically spend about 90% of their time
indoors in developed countries,®’ yet soundscape research
has traditionally focused on outdoor urban environments.
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Given the significant time spent indoors, assessing indoor
soundscapes is equally critical for understanding their
impacts on public health. Recent studies indicate a signif-
icant shift towards investigating indoor soundscapes, recog-
nizing their importance in various settings such as residen-
tial buildings, schools, universities and library facilities.®!!
For instance, Yang and Lii'? highlight that the keyword
‘indoor soundscape’ has gained prominence in recent lit-
erature, indicating a shift in focus from outdoor to indoor
contexts. This evolution reflects a growing understanding
that soundscapes are not confined to outdoor spaces but are
equally relevant indoors, where they can significantly influ-
ence occupants’ experiences and behaviours.'*> This shift
is crucial as it acknowledges that the acoustic quality of
indoor spaces can significantly impact occupants’ health,
comfort and productivity. In workplace settings, Kaarlela-
Tuomaala et al.'"* conducted a longitudinal study showing
that the transition from private offices to open-plan offices
negatively affected employees’ concentration, privacy and
perceived acoustic comfort. Furthermore, Van den Bosch
et al.!> provided evidence that modifying soundscapes in
care settings for individuals with severe intellectual dis-
abilities could reduce challenging behaviours, underlining
the importance of sound environment management across
diverse contexts.

Another shift is emerging from school acoustics to
school soundscape. This shift marks a transition in how we
think about the role of sound in educational environments.
Traditionally, the field of school acoustics has focused pri-
marily on the physical properties of sound, such as con-
trolling reverberation, minimizing noise transmission and
optimizing sound isolation within school buildings.!®!° It
moves beyond simply mitigating noise to actively consid-
ering how sound, when used intentionally, can improve the
school experience.!%2%2! However, school soundscape stud-
ies are still relatively few in comparison to research on
school acoustics. For example, studies have explored how
soundscapes can be designed to enhance learning environ-
ments, with findings suggesting that optimizing acoustic
conditions can lead to improved educational outcomes.??
Similarly, the work of Yériikoglu and Kang® has highlighted
the importance of understanding the acoustic characteristics
of libraries. Hytonen-Ng et al.?® explored teachers’ per-
ceptions of soundscapes in modern Finnish open learning
environments and found that while adjustable classrooms
can offer some control over acoustic conditions, challenges
related to noise and distraction could persist. In light of
these initial studies, to expand the field of school sound-
scape, it is crucial to identify which factors could influence
the soundscape within schools. Such factors need to be
studied further in order to gain a deeper understanding of
how school soundscapes can be optimized to benefit the
educational experience.
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To address these gaps in knowledge, this study inves-
tigated the key factors influencing school soundscapes
through interviews and focus groups with teachers, school
staff and acoustics experts. The primary research ques-
tion in this study is: What are the key factors influenc-
ing school soundscapes from the perspectives of school
staff and acoustics experts? This research examines the
factors that contribute to positive and negative sound per-
ceptions. Additionally, the findings are discussed within the
framework of ISO 12913-1:2014,! exploring how the iden-
tified factors can be integrated into its conceptual model.
This approach contextualizes the study’s outcomes within a
global standard, bridging theoretical insights with practical
recommendations to improve school soundscapes.

Methods

This study involved qualitative data collection through inter-
views and focus groups across two national contexts: Turkey
and the United Kingdom. A total of 20 teachers partici-
pated in individual interviews, including 10 from schools
in Turkey and 10 from schools in the United Kingdom, pro-
viding cross-cultural perspectives. Additionally, two focus
groups were conducted. The first involved teachers and staff
at St Oscar Romero Catholic School, a public secondary
school located in Goring-by-Sea, Worthing, United King-
dom. This school serves a mixed socio-economic student
population. The second focus group comprised interna-
tional experts in school acoustics and soundscape design,
providing professional insights into educational sound envi-
ronments.

While exact student—teacher ratios were not recorded
for each school, participating schools in the United King-
dom typically followed the national average ratio (approx-
imately 17:1),>* and schools in Turkey generally aligned
with regional norms (around 20:1).2% All schools involved
in the study were public institutions adhering to their respec-
tive national education policies and teacher qualification
standards.

The decision to adopt a qualitative research approach
for this study was driven by the need to deeply explore the
subjective experiences, perceptions and insights of teachers
and acoustics experts regarding school soundscapes. Unlike
quantitative methods, qualitative research is particularly
suited for understanding complex, nuanced phenomena?®
such as how individuals experience and interpret their
acoustic environment. The interviews were designed to
explore teachers’ experiences with their school environ-
ments. The focus groups enabled the exploration of shared
experiences and diverse perspectives. The group discus-
sions facilitated the identification of common challenges
faced in the school soundscape and the development of
potential strategies for improvement. Before participating



Kurukose Cal et al.

in interviews and focus groups, each participant was pro-
vided with detailed information about the study and signed
an informed consent form. Ethical approval for the study
was obtained from the UCL Bartlett School of Environ-
ment, Energy and Resources (BSEER) Research Ethics
Committee, which reviewed the study as posing low risk to
participants (approval date: 9 August 2022).

Participants

In this study, we engaged with three distinct participant
groups for qualitative data collection: (1) teachers, who
were individually interviewed (n = 20); (2) school staff, who
participated in a focus group at St Oscar Romero Catholic
School in the United Kingdom; and (3) acoustics experts,
who contributed via a separate focus group discussion.

Twenty teachers currently working in primary and sec-
ondary schools participated in semi-structured interviews.
These teachers were selected to provide insights based on
their direct experiences with the sound environment in their
schools. The interviewed teachers were recruited through
professional networks and personal contacts, reflecting a
convenience sample drawn from two national contexts,
Turkey and the United Kingdom. These two countries were
included due to the researchers’ academic affiliations and
collaborations, which enabled access to participants in both
contexts. The inclusion of both settings enriched the data
by highlighting the variety of teacher experiences in differ-
ent institutional and environmental contexts. These partic-
ipants represented both primary and secondary education
and worked in diverse school settings, including urban and
suburban environments. While demographic data were not
collected (e.g., age, gender), the emphasis was placed on
teachers’ lived experiences in teaching environments.

Six school acoustics experts were included in the study
to provide professional perspectives on school soundscapes.
Amongst them, five were academics specializing in acous-
tics research, and two were practitioners actively involved
in designing or assessing school acoustics. These experts
contributed valuable insights into the technical and theoret-
ical aspects of school soundscapes. Their specific areas of
expertise are detailed in Table 1. This group consisted of five
academics specializing in acoustic research and one practi-
tioner actively involved in designing or evaluating school
acoustics.

A focus group was conducted with nine staff members
working in the same school (secondary school), represent-
ing various roles and disciplines. This focus group was
conducted at St Oscar Romero Catholic School, a co-
educational secondary school in West Sussex, England.
This site was selected based on existing collaborations and
accessibility, which allowed for an in-depth discussion with
staff members familiar with the day-to-day acoustic chal-
lenges in their school. Participants included teachers from

music, physical education (PE), English, foreign languages,
mathematics, history and science, as well as the school
librarian and one administrative staff member. This diverse
group allowed for the exploration of soundscape percep-
tions across different professional roles within the school
environment.

In this study, a convenience sampling strategy was
employed, which is considered appropriate within qualita-
tive research where the primary aim is to explore in-depth
perspectives rather than to achieve statistical generaliz-
ability. The focus was placed on providing rich, detailed
and contextually grounded insights that enable transfer-
ability to similar settings, rather than aiming for univer-
sal generalization. This distinction between generalizability
and transferability has been emphasized in the qualitative
research literature.2”-?® Although the sample cannot be con-
sidered statistically representative, a transparent account
of the research context and participant characteristics has
been provided to allow readers to assess the relevance and
potential transferability of the findings to their own settings

It is important to note that the term ‘teachers’ in this
manuscript specifically refers to the 20 individuals (from
Turkey and the United Kingdom) who were interviewed
individually. In contrast, the term ‘school staff’ refers to
participants in the UK-based focus group, which included
teachers as well as other staff members such as adminis-
trators and support personnel. Although some overlap in
professional roles existed, this distinction was maintained
to reflect the data collection format (individual interview
vs. focus group) and context. The third group, experts,
included both academic and professional acousticians. No
participants took part in more than one data collection
activity, ensuring that each group remained distinct in both
composition and analytic treatment.

Data collection

In this study, three data collection methods were applied
to be more inclusive. In this section, each data collection
method is explained in order.

Interview with teachers. Incorporating interviews
alongside focus groups on a study provides a complemen-
tary approach to data collection, enhancing the depth of
insights.?” Focus groups are for capturing dynamic group
interactions, generating diverse perspectives and explor-
ing collective viewpoints.>® However, they may not fully
uncover individual experiences. By adding teacher inter-
views, the study benefits from a detailed exploration of
individual perspectives.

Each interview began with a brief introduction outlining
the interview’s purpose and lasted between 15 and 30 min.
The interviews were conducted individually via phone or
Microsoft Teams. The interview questions for teachers were
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Table 1. Expert focus group participants and their area of expertise.

Expert Category Area of Expertise

Academic Expert 1

Specialist in environmental acoustics, focusing on soundscapes in educational

settings and their impact on learning

Academic Expert 2

Researcher in the field of psychoacoustics, studying how sound influences

cognitive function and well-being in schools

Academic Expert 3

Expert in noise control and building acoustics, with a focus on improving the

acoustic quality of classrooms

Academic Expert 4

Scholar in educational acoustics, with experience in developing guidelines for

optimal acoustic environments in schools

Academic Expert 5

Researcher in sound design and its effects on human perception, particularly in

classroom environments

Expert Practitioner

School acoustics consultant specializing in practical solutions for optimizing

sound environments in schools, with hands-on experience in school acoustic

design

Table 2. Interview questions for teachers from United Kingdom and Turkey.

No. Questions

NOoOOoapsrWN -

source when you are working?

[e]

What are the first three sounds when you think of a school soundscape?

What are your thoughts about negative sounds in your school?

How does exposure to these sounds affect you during the day?

What are your thoughts about positive sounds in your school?

How does exposure to these sounds affect you during the day?

What sounds do you want to hear in school? / What sounds do you not want to hear in school?
Could you tell me about a situation in which you are extremely annoyed/pleasured by a sound

Can you describe a school design which is acoustically satisfying?

9 When you close your eyes, which sounds can be heard from this school?

designed to explore their perceptions of school soundscapes
and identify the key factors influencing their experiences.
Questions 1-6 focus on understanding how teachers per-
ceive specific sound sources in their environment, including
both positive and negative sounds, and how these sounds
affect them during the day. These questions provide insights
into the ‘sound sources’ and ‘perceptual responses’ aspects
of the research question. Questions 7 and 9 encourage
teachers to share specific examples and describe the audi-
tory characteristics of their school environment, offering
context-specific details that reveal how school design and
soundscape interact. Question 8 investigates teachers’ con-
ceptualization of an acoustically satisfying school, directly
linking soundscapes to physical and operational design fac-
tors. Table 2 presents the interview questions.

Focus group with acoustic experts. The focus
group aimed to facilitate an interactive discussion amongst
experts, allowing for the exchange of ideas, experiences
and recommendations regarding school soundscape and
assessment in educational settings. Prior to the discussion,
participants were provided with an overview of the research

objectives and the specific topics to be addressed. The
expert focus group, which included participants from var-
ious parts of the world, was conducted via Microsoft Teams
to accommodate the geographic diversity of the experts.
The session was structured to encourage open dialogue,
with the researcher acting as a facilitator. A series of open-
ended questions guided the discussion, prompting experts
to share their views on school sound environment. The
focus group questions for acoustics experts were struc-
tured to draw on their professional knowledge and technical
expertise, providing a complementary perspective to the
teachers’ experiences. Questions 1, 3, 7 and 10 delve into
the methodologies and challenges associated with assessing
school soundscapes, addressing the practical and theoreti-
cal frameworks that shape these environments. Questions 2,
4,5 and 9 examine the characteristics of optimal and posi-
tive soundscapes, offering a detailed understanding of fac-
tors affecting the school soundscape. Question 6 explores
the role of collaboration between educators and acoustics
experts. Additionally, Question 8 reflects on future trends
in the field, examining the evolving focus from traditional
acoustics to soundscape perspectives, which aligns with the
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Table 3. Focus group questions for the school acoustics experts.

No. Questions

1 What are the main challenges in assessing school soundscapes?

How do you define an optimal acoustic environment for schools?

3 What methodologies do you believe are effective in evaluating school acoustics? What can be
used for school soundscape?

4 What would be a positive school soundscape?

5 How do you evaluate different school acoustics and soundscapes?

6 What role does collaboration between educators and acoustical experts have in improving
school soundscapes?

7 What future trends do you see in the field of school acoustics? Is there a shift from school
acoustics to soundscape?

8 What are the main challenges you encounter in assessing school soundscapes?

9 How do you define a positive sound for schools?

10 What methodologies have you found to be effective in evaluating perception of sounds?

study’s goal of informing the development of better acoustic
environments in schools. Table 3 presents the questions
posed to the focus group.

Focus group with school staff. The focus group aimed
to gather detailed insights on various aspects of the school’s
soundscape and its impact on the learning environment.
Two researchers were present during the focus group, one
leading the discussion while the other took notes. The staff
focus group was held in person at a secondary school dur-
ing a selected free period for the participants. The session
took place in an empty classroom, providing a familiar
and convenient environment for the participants. The focus
group lasted for 1.5 h and it was audio-recorded and tran-
scribed for thorough analysis. The focus group questions
for teachers were aimed to gather insights into their percep-
tions. Questions 1-5 focused on the auditory environment
of the school, exploring the specific sounds teachers hear,
how these might differ from other schools and what sounds
are missing or problematic. Questions 6 and 7 investi-
gated specific challenges, such as noise-related issues and
explore potential solutions, linking the goal of understand-
ing key influencing factors. Questions 811 emphasized
user-centred approaches. The final question provided an
open-ended opportunity for teachers to share any additional
insights. Table 4 presents related questions.

Analysis

The data collected from teacher interviews, focus groups
with school acoustics experts and the staff focus group were
analysed using a thematic analysis approach, which allowed
for the identification and organization of key patterns and
themes across the different datasets.3! An inductive the-
matic analysis approach was adopted, allowing codes and
themes to emerge directly from the data. All transcripts were

treated as a single dataset during coding, enabling cross-
comparison and the identification of shared themes across
participant groups. This approach was chosen for its flexi-
bility in synthesizing diverse qualitative data and its ability
to uncover both shared and unique perspectives amongst
participants. Thematic analysis has also become increas-
ingly prevalent in recent soundscape research, particularly
in studies exploring expert and user perceptions in complex
acoustic environments,3?33 further supporting its suitability
for the present study. Initial codes were developed indepen-
dently by two researchers and then reviewed and discussed
to ensure consistency and to minimize bias. Through iter-
ative coding and comparison, broader themes were formed
that reflected recurring ideas and experiences across partici-
pant groups. The thematic analysis was collaboratively con-
ducted by the first and second authors. Both independently
coded a subset of transcripts and then met regularly to com-
pare and reconcile codes. The final coding framework and
thematic structure were developed jointly. The third author
contributed by reviewing the coding framework, offering
critical feedback and helping to validate the interpretation
of key themes during regular team discussions.

Throughout the analysis process, a reflexive stance was
maintained. As researchers with academic and professional
backgrounds in architecture and built environment design,
we acknowledge that our interpretation of the data was influ-
enced by our sensitivity to spatial and acoustic qualities
of educational environments. This lens helped us to iden-
tify certain patterns that might otherwise be overlooked.
At the same time, we remained conscious of the need to
prioritize participants’ perspectives, ensuring that our inter-
pretations remained grounded in their lived experiences and
professional insights.

All transcripts were transcribed verbatim and imported
into NVivo qualitative analysis software (QSR Interna-
tional).>* Using NVivo, codes were generated inductively
from the entire dataset. The coding focused on school
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Table 4. Focus group questions for school staff.

No. Question

1 What are the first things that you think about when considering the soundscape of
this school?

2 What kind of sounds do you hear in the spaces in here?

3 What is special about the soundscape of this school compared to other schools
that you've worked in?

4 What kind of sounds are missing from this space and why?

5 What works in the soundscape of this school? What challenges have there been?

6 In what kinds of situations do you see there being problems, for example, too
much noise, and why does it happen in those situations?

7 What kinds of acoustic solutions would you want in your school, and why would
these solutions be good or necessary?

8 Can you give concrete examples of how the soundscape can support children with
special needs and how could they be taken into account?

9 What should be considered when designing learning environments for all
learners?

10 If you had the opportunity to create a positive soundscape, what would it be?

11 Was there something that we did not talk about, but you think is important for the

topic?

Transcript—

CodesH

In order to have a good balance
to have when occupied not more

You could conceivably have someone
lvcic a

>, which is not ideal doesn't it

1

teach mus ysis at the same

the that permeates the efivironmenit: ... _

I'm fully convinced that having

105 coming from |i
would be a good thing for students and well .~

. And the student stress levels definitely decreased

acticing their drumming while trying

When conducting a double lesson with a stream of students, one cannotignore

I have so at the moment it's snow with animals, and its alongside .

Categories——Themes
for childrenis ..

""“Effective Hearing Listening
Acoustic Factors

———Effective Resting Relaxing

_

Figure 1. Example of theme creation in thematic analysis.

soundscape factors. This open coding process treated all
data as a single dataset, allowing themes to emerge organi-
cally across participant groups. Emerging codes were then
grouped into broader categories. This approach allowed for
a balanced synthesis of practical, experiential and theoreti-
cal perspectives. Figure 1 illustrates the progression from
initial codes to categories and then to themes, providing
insight into how the data were organized and interpreted.

Results: School soundscape factors

The thematic analysis of the two focus groups and the
interviews was conducted jointly by transcribing all ses-
sions and analysing the data as a whole, rather than sepa-
rately. Codes were generated across both data sets and then
grouped into broader categories, which ultimately resulted
in three overarching themes with 11 subthemes. Two sub-
themes related to acoustic factors, namely, (1) effective

hearing and listening and (2) effective resting and relaxing.
Three subthemes related to users, namely, (1) expectations
and experience, (2) special needs and characteristics and
(3) behaviour and activities. Four subthemes related to the
school itself, namely, (1) teaching strategy, (2) time and
schedule, (3) building orientation and (4) space use and
density. The most discussed themes were acoustic comfort
and users, and the most discussed subthemes were effec-
tive hearing and listening and expectation and experience.
As one of the aims of the discussions was to find the user’s
(teacher) perception regarding the school soundscape, it was
also discussed in more depth. In this section, we present
the findings from three participant groups. The reported
categories and themes are shown in detail in Figure 2.
Figure 3 provides a hierarchical visualization of the key
themes, categories and codes. It highlights three dominant
themes: acoustic factors received less emphasis than user
factors and school factors, likely reflecting the participant
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Sound Clarity

Themes

Sound Transmission

I Effective Hearing and Listening

Sound Source

Sound Addition

Acoustics Factors

Effective Resting and Relaxing

Noise reduction

Adaptation

People Demographics

Expectations and Experience I

Sensory Sensitivities

Special Needs and Characteristic I

User Factors

Student Engagement

School Management

Behavior and Activities |

|

|

|

| i
Impairments |

|

|

|

|

Transition and Movement

Traditional Frontal Teaching

Group Based Learning

Teaching Strategy |

Innovative Learning

Time and Schedule |

School routines

School Factors

Aligning Schedules

Orientation |

Classroom Placement

Space use and Density |

Spatial orientation

[ School Dynamics

Figure 2. Codes, categories and themes identified in the analysis.

demographics, with most contributors being users such
as teachers and staff. Within acoustic factors, the effec-
tive hearing and listening category was significantly more
prevalent than effective resting and relaxing, underscoring
the prioritization of clear communication and intelligibil-
ity, over restorative elements. However, the attention given
to effective resting and relaxing indicates that it remains a
notable concern. In the school factors, the teaching strat-
egy constitutes more than half of the total references. This
suggests that participants frequently discussed the vary-
ing acoustic needs associated with learning activities. This
likely reflects the critical role that teaching strategies play
in shaping the school soundscape.

Acoustic factors

The initial responses of participants regarding school
soundscape covered both positive and negative aspects.

Negative sounds were mentioned as being ‘distractive’,
‘annoying’ and giving a ‘feeling of tiredness’. On the pos-
itive side, several respondents appreciated the fact that
the positive sounds were calming, relaxing and sometimes
enjoyable.

Effective hearing and listening. Participants empha-
sized the importance of clear and intelligible speech within
the school environment, particularly when it comes to
facilitating effective communication between teachers and
students. Additionally, the suggestion to maintain a rever-
beration time of ‘not more than 0.7s’ when spaces are
occupied indicates an awareness of how sound reflections
impact students’ ability to hear and process information
accurately. This need for controlled reverberation is echoed
by a participant who described challenges in a sports setting.
These insights reveal that effective hearing and listening are
not only essential for traditional classroom learning but also
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User Factors

Spetal needs and charactenstics'

ExXpectation and Experience

Acoustic Factors
Behavior and activities

Effective Hearing and Listening

School Factors

I eaching Strategy’

Space use Density

Effective Resting and Relaxing

Time and 5.

Figure 3. Hierarchical distribution of themes and categories in school soundscape analysis.

for physical education and other activities, where exces-
sive reverberation can hinder communication and reduce the
quality of instruction. Table 5 shows related quotations on
effective hearing and listening.

Effective resting and relaxing. Most of the partici-
pants talked about the necessity of the existence of restora-
tive spaces and sounds in schools. The presence of restora-
tive spaces and sounds in schools is crucial for the overall
well-being and optimal learning environment of students. At
the end of both focus group discussions, the overall idea was
that schools are essential for creating an environment that
supports students’ well-being, enhances their focus and cre-
ativity, and promotes emotional regulation. By incorporat-
ing these elements, schools can foster a positive atmosphere
that benefits the holistic development of students. Table 6
presents quotes related to the theme of effective resting and
relaxation within the school environment.

User-related factors

The significance of the user’s perspective emerged as a
prominent theme in the discussions of both focus groups.
Notably, the experts primarily leaned towards considering
the students’ viewpoint when discussing the soundscape
approach. In contrast, the teachers emphasized the impor-
tance of sounds not only for the students but also for them-
selves. This observation highlights the aspect of teachers
recognizing the impact of sounds on their own experience
in addition to that of the students.

Perception, expectations and experiences. The
diverse ways in which individuals respond to sound in
educational settings reveal that personal preferences and
expectations significantly influence perceptions of a ‘pleas-
ant’ acoustic environment. As one expert observed, people
‘react so differently’ to sound, with some needing quiet
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Table 5. Quotations on effective hearing and listening in school soundscapes.

Introductory sentence: The following quotations illustrate the critical importance of speech clarity,
appropriate reverberation levels and manageable background noise for effective hearing and listening in
schools. In the quotations, the bolded sections highlight the key points and coded words that are most

relevant to the discussion.

Participant Group
Expert Focus Group Participant 2
Expert Focus Group Participant 3

Staff Focus Group Participant 2

Teacher Interview Participant 12

Quotations

For me, speech clarity is one of the best parameters.

In order to have a good balance between voice and acoustical needs
for children is to have reverberation time when occupied of not
more than 0.7 seconds.

| coach a lot of netball, and this is the only sport where you must get
the students so quiet to speak, and you must slow down your voice
because the echo in there is ridiculous.

I need to raise my voice, or | need to ask kids to repeat what they’re
saying because | can’t hear them

Table 6. Key quotations highlighting effective resting and relaxation in the school environment.

The following quotations show how natural sounds, calming music and positive background
noises are used to support relaxation and reduce stress in schools. The bolded sections highlight
the key themes and coded points that reflect these positive soundscape strategies.

Participant Group
Expert Focus Group Participant 4

Staff Focus Group Participant 1

Staff Focus Group Participant 3

Staff Focus Group Participant 4

Staff Focus Group Participant 6

Staff Focus Group Participant 1

Teacher Interview Participant 4

Quotations

I’'m fully convinced that having some natural sounds coming from
things like open windows would be a good thing for students, and
well, they can have a positive impact also on learning.

I have a video running ealm music, it's snow with animals, and its
alongside classical music. And the students’ stress levels definitely
decreased.

The soothing music in the courtyard, | must say, has an impact on me
as well. | feel much calmer during the breaks.

And we do have music during break and lunchtimes just like
background music, in the outside spaces we have a lot of outside
exposure.

When conducting a double lesson with a stream of students, one
cannot ignore the background noise that permeates the
environment. This becomes especially prominent during the
summer months when seagulls tend to frequent the top level of the
school. While this may seem amusing in terms of positive noise, it
often necessitates pauses and interruptions, as seagulls can engage
in lively interactions that catch one’s attention.

On Wednesdays, | run an inclusion group session where | employ a
strategy involving the simultaneous presentation of a calming
YouTube video featuring snow and animals, accompanied by
classical music. An observable effect of this practice is a noticeable
reduction in student stress levels. As students enter the session, |
inquire about their emotional state, and | repeat the same question
as they leave. Witnessing these responses is personally rewarding
and reinforces my belief in the effectiveness of this simple yet
impactful approach. Furthermore, it provides a pleasant atmosphere
during lunchtime, contributing to a sense of ease and contentment
among participants.

So, like quite calming sounds, | often put on quite calming nature
sounds for the children when they come in the morning. Things like
that even hearing that outside, birds, trees rustling etc just helps
create a calm atmosphere.
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to work effectively while others benefit from background
sounds. This variability highlights the complexity of meet-
ing acoustic needs, especially in environments like schools,
where individuals are ‘kind of affected very differently by
sound’. This diversity is further illustrated by differing pref-
erences for quietness, natural sounds or music, suggesting
that ‘no sounds at all’ may not be the ideal solution for
classrooms. Teachers from the staff group shared personal
experiences reflecting how specific sounds can impact the
atmosphere and well-being. For example, one teacher noted
that music playing in the courtyard during hot weather
‘calms me down and improves the atmosphere, reducing
stress and enhancing the environment for both students and
staff’. The positive reception to nature sounds also emerged
as arecurrent theme, with one teacher mentioning how these
sounds received ‘positive feedback’, indicating a collective
appreciation for sounds that mimic natural environments.
These insights underscore the importance of carefully con-
sidering both the type of sounds introduced and the varying
expectations individuals bring to the school environment,
as each can shape experiences and responses in distinct
ways. Table 7 presents key quotations, offering insights into
participants’ perceptions, expectations and experiences of
school soundscapes.

Expectations regarding the school soundscape can be
shaped by previous experiences, cultural influences, and
personal preferences. Positive expectations of a quiet, calm
and conducive auditory environment can enhance students’
anticipation and readiness for learning. Past experiences
with the school soundscape significantly influence how
individuals respond to and interact with the acoustic envi-
ronment.

Special needs and characteristic. Recognizing and
accommodating individual differences in sound sensitiv-
ity is essential when designing acoustical environments for
schools, especially for students with special needs. As noted
by an expert, it is important to consider ‘individual fac-
tors, cognitive factors and noise sensitivity’ since these
characteristics significantly impact how children respond to
sounds, particularly in terms of ‘intelligibility’ and ‘task
performance’. Even amongst neurotypical students, varying
degrees of noise sensitivity and cognitive traits necessitate
thoughtful design to create spaces conducive to learning.
For students with special needs, such as those with autism,
certain sounds and environmental conditions can be partic-
ularly overwhelming. One teacher in staff shared a book
section related to a student’s experience, where loud noises
from the school bell and bustling corridors feel like a
‘drill against a sensitive nerve’, creating a stressful experi-
ence that hinders concentration. Additionally, students from
diverse cultural or religious backgrounds may experience
different levels of discomfort or distraction in noisy envi-
ronments, as one staff participant observed with children

Indoor and Built Environment 0(0)

from gnostic or Buddhist backgrounds. These insights high-
light the importance of designing spaces that cater to the
diverse needs and sensory sensitivities of students, ensur-
ing that all children can feel comfortable and supported
in their learning environments. This includes children with
normal hearing, those with mild hearing losses, those with
hearing aids or assistive devices, those with learning dis-
abilities, those for whom English is a second language, and
those with temporary hearing loss due to ear infections.
Table 8 provides quotations from participants that shed light
on the special needs and characteristics of users in relation
to school soundscapes.

Behaviour and activities. It was useful to point out
that acoustic design and regulation sometimes cannot fit
the real situations of places. The emphasis was also on
tasks within the place, as people’s behaviours can affect
the expected acoustic parameters. The variety of activi-
ties occurring within school environments creates unique
acoustic challenges, as spaces often serve multiple functions
throughout the day. Participants from experts highlighted
that while spaces may be designed with specific purposes
in mind, the way students use these spaces can differ signif-
icantly in practice: ‘the design stage is different from what
really happens ... when children are using that space’. This
sentiment underscores the difficulty of establishing a single
optimal reverberation time, as it ‘depends’ on the specific
activities occurring in the space at any given time. Schools
are complex environments where ‘conflicting functions’ fre-
quently coexist, as noted by staff participants. For example,
a classroom might simultaneously host a music analysis
lesson and a student practising the drums, creating a sit-
uation that is ‘not ideal’ acoustically. Similarly, corridors
and shared areas serve multiple purposes, such as facili-
tating circulation while also supporting learning and social
interactions, which adds to the acoustic complexity. These
insights suggest that school soundscapes must be adapt-
able, with designs that accommodate the dynamic nature of
school activities to enhance comfort and functionality for
both students and teachers. Table 9 presents quotations from
participants discussing the relationship between behaviour,
activities and school soundscapes.

School-related factors

The physical and operational characteristics of school envi-
ronments play a pivotal role in shaping the soundscape. As
noted by participants in experts, different types of spaces,
such as classrooms, libraries and shared areas, each require
unique acoustic considerations to match their functions.
Classrooms, in particular, are challenging due to the range
of teaching styles they accommodate. While traditional,
‘frontal teaching’ demands a specific sonic environment to
support clarity, modern classrooms also foster group work
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Table 7. Quotations from participants on perception, expectations and experiences in school soundscapes.

These quotations reflect participants’ varied perceptions, expectations and experiences regarding
school soundscapes. Bolded sections highlight key coded insights that reveal the complexity and
diversity of acoustic needs and preferences in schools.

Participant Group
Expert Focus Group Participant
Number 4

Expert Focus Group Participant
Number 5
Staff Focus Group Participant 5

Staff Focus Group Participant 8

Staff Focus Group Participant 8

Quotation

I think what is always difficult in all these things is people react so
differently. Some people need quiet to work. Some people need noise
to work. So, you can never please everybody. There is no ideal, is
there? Because people are so varied in what they need, even when
they’re doing the same activity, different people have different
acoustic needs. Kind of affected very differently by sound. That makes
it much more complicated, doesn't it?

They wanted quiet, they wanted natural sounds. They wanted music. |
don’t think that having no sounds at all in the classroom is the answer.

I’'m hyper-aware of what kind of noise will distract them. So, in the
summer, if music is playing, | have their door open during the standby.
I have to shut all my windows

The positive thing I’'ve come across in my school experience is when |
hear the music in the courtyard, it makes me feel better. And when it’s
really hot, | really don’t like being outside, but the music calms me
down and improves the atmosphere. So, | don’t get annoyed or feel
stressed. If | hear classical music and | see other students, | feel like
other students have a positive response to it. But more importantly, |
feel like teachers and staff do and it has an impact on how we relate to
them.

So, we have also had discussions around nature sounds and whether
this could be beneficial to our school environment. | would agree that,

for example, | have had positive feedback on nature sounds being

used.

and collaborative learning, which create vastly different
acoustic needs. Teachers, as observed in staff, also influ-
ence the soundscape through their teaching strategies and
the way they navigate physical spaces, such as adjoining
rooms and shared corridors. Furthermore, the open-door
policy common in some schools adds another layer of com-
plexity, as sounds from neighbouring rooms and outdoor
areas can intrude, impacting students’ ability to concen-
trate. Unique environmental factors, such as the seaside
location mentioned by a staff participant, provide opportu-
nities to incorporate natural sounds like ‘birds chirping’ and
‘rustling leaves’ into the soundscape, enriching students’
sensory experiences and potentially enhancing well-being.
This suggests that school soundscapes can be tailored not
only to meet functional needs but also to integrate elements
of the surrounding natural environment.

Time and schedule. Time and scheduling significantly
impact the school soundscape, as different times of the
day bring distinct auditory challenges and opportunities.
Expert participants highlighted how the ‘time domain’ can
shape the soundscape experience, as individuals’ routines
involve fluctuating levels of stress and relaxation through-
out the day. Understanding how students and teachers move

through these cycles could provide valuable insights for a
soundscape design that aligns with their daily rhythms. In
staff, teachers noted that scheduling is crucial for managing
noise levels and avoiding conflicts, especially when multiple
activities occur simultaneously, like a drumming practice
during a music lesson. Additionally, prolonged exposure
to certain sounds, such as the repetitive ticking of a pen
or general classroom noise, can become especially grating
for teachers who handle long sequences of classes, which
may influence their overall fatigue and stress. This suggests
that aligning schedules and spaces with the school’s acous-
tic needs is essential for a more balanced and supportive
environment. Table 10 presents quotations from participants
discussing the influence of time and scheduling on school
soundscapes.

Teaching strategy. Although teaching strategies are
shaped by individual teachers, their implementation and
development are closely linked to school-specific fac-
tors, including school policies, spatial configurations and
organizational norms. These institutional elements strongly
influence how teachers can apply, adapt or sustain strate-
gies within their specific school contexts. Therefore, it is
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Table 8. Quotations from participants on special needs and characteristic in school soundscapes.

The quotations below highlight key aspects related to special needs and individual characteristics
in school soundscapes, with bolded terms emphasizing important factors and experiences that
affect how different students respond to and cope with their acoustic environments.

Participant Group
Expert Focus Group Participant 5

Expert Focus Group Participant 3

Staff Focus Group Participant 3

Quotation

We really need to understand which are the individual factors,
cognitive factors, noise sensitivity factors that differentiate the
response of the children. Because when you do in field testing you
see that you have a huge variation, a huge difference in the
responses of the children in terms of intelligibility in terms of task
performance. Even in typical children, there are characteristic,
individual characteristics, that we need to take into account when
designing the spaces.

In the classroom setting, it is not uncommon to encounter instances
where there are students with special needs who require additional
attention or assistance. This situation often necessitates stepping
out of the classroom temporarily to address their needs.

The level of noise or activity seems considerably more pronounced
when directly interacting with individuals from diverse

backgrounds, such as those who follow the Gnostic or Buddhist

beliefs.
Staff Focus Group Participant
Number 7

I unfortunately, | view that negatively. | have quite a lot to do with
autism and | brought you a little bit from a book that | share. And it's

about autism and a lot of students will go ‘yes, yes, this is me’. ‘I
feel that the other children in the class watching me as we tuck in
our chairs and leave the room. The school bell screeching so loudly,
loud noises make my head spin. They feel like a drill against a
sensitive nerve. | walked through the corridors practicing my
breathing, keeping my eyes straight ahead. People talk so loudly to
make this all worse. I'd rather work without music. So, something,
no headphones, is a particular exception. And it’s a practical one |
have, but actually the sensory experience of a student’.

appropriate to categorize teaching strategies under school-
specific factors, as their practical use is not solely a matter of
personal preference but is also shaped by the wider school
environment and operational structures.

Teaching strategies play a critical role in shaping the
acoustic environment in schools. Expert participants dis-
cussed the varied acoustic demands associated with differ-
ent teaching styles and environments, emphasizing the need
to consider these factors in soundscape design. The sound-
scape is not a neutral backdrop; rather, it is actively shaped
by pedagogical choices and teaching rhythms. Traditional
frontal teaching, for example, requires a different sonic
environment compared to group-based learning, which
involves more interactive and dynamic soundscapes. Teach-
ers and experts highlighted the importance of fostering
awareness of soundscapes in both students and educators,
which could potentially enhance the learning experience.
Moreover, innovative learning spaces offer new opportu-
nities but also bring challenges in managing how these
spaces affect students’ listening and well-being. Open-plan
classrooms, shared learning zones and breakout areas are

designed to encourage collaboration, but they can eas-
ily become acoustically chaotic if sound is not properly
controlled. Teachers may find themselves adjusting their
teaching methods, not because of pedagogical preference,
but in response to the acoustic limitations of these spaces.
Some participants expressed concern that when teachers
are forced to abandon interactive activities in favour of
quieter tasks, the learning experience may become less
engaging. This underscores the need for soundscape designs
that are adaptable to diverse teaching methods, ultimately
supporting both teachers’ instructional goals and students’
engagement. Table 11 includes quotations from participants
that explore the relationship between teaching strategies and
school soundscapes.

Building orientation. Building orientation focuses on
the physical placement of rooms and buildings relative to
other spaces or external noise sources. It is about the spatial
relationships that passively expose classrooms to noise.
The orientation and layout of school buildings significantly
influence the quality of the acoustic environment. Experts
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Table 9. Quotations from participants on behaviour and activities in school soundscapes.

The quotations below illustrate how different behaviours and activities shape school soundscapes,
with bolded phrases highlighting key aspects of the dynamic and sometimes conflicting acoustic
experiences within educational spaces.

Participant Group Quotation

Expert Focus Group Participant 4 The design stage is different from what really happens when children
are using that space.

Expert Focus Group Participant 6 Talking about spaces that already have a specific function, but spaces

where different types of activities take place depending on the time
of the day. | was just going to say as well that | think the function of
this space does really matter.

Expert Focus Group Participant 2 When you start thinking about the experience of people and the
activities that are taking place, it's almost impossible to say what’s
the right reverberation time because it depends.

Staff Focus Group Participant 2 There are so many things going on in school learning is most about
conflicting functions and this is circulating in the corridor.
Staff Focus Group Participant 1 So, we’ve got different things going on in the same class. You could

conceivably have someone practicing their drumming while trying
to teach music analysis at the same time, which is not ideal, isn’t it?

Teacher Interview Participant 3 For example, on the days when the holidays are celebrated, the
sounds of music emanating from this celebration, the dance music,
the dances make me feel younger and happy as the students enjoy
this situation.

Teacher Interview Participant 2 I think in general, | like to listen to music and especially when working
or writing.

Table 10. Quotations from participants on time and schedule in school soundscapes.

These quotations highlight how the dimension of time and scheduling critically influence the
acoustic environment in schools, with key points emphasized in bold to illustrate the temporal
dynamics and challenges faced by staff and students.

Participant Group Quotation

Expert Focus Group Participant 1 It’s interesting to think about this time domain because a lot of work
privacy is about a place at given time. But if we can think about
what’s it like for a child or teacher’s route from beginning of the
school to end, and where this person goes and whether it’s always
stress, stress, stress or stress, relaxed, stress and that would be
quite interesting. And more people, less people, different time of
day. So, this time domain will be quite interesting dimension for
soundscape study. | think this is also kind of difference between
maybe pure noise control or speech study to soundscape study.

Staff Focus Group Participant 4 We find ourselves striving to find suitable solutions that allow us to
manage the situation effectively. This involves determining
alternative time slots for certain activities in order to avoid
conflicting engagements and successfully navigate the process,
ensuring the completion of all necessary tasks.

Staff Focus Group Participant 6 Maybe not the first, but by the second day when I’'ve done 12 lessons
in a row, and | hear people who have this ticking pen. You have 30
children in front of you, and there will be at least four or five doing
that constantly. Yeah. At that point, it just, it hits me. It gets me.

Staff Focus Group Participant 1 Yeah, | mean, that’s one of the biggest ones is trying to control the
noise. It does point to real issues like trying to timetable everything.
In our case, | can’t do that.




14

Indoor and Built Environment 0(0)

Table 11. Quotations from participants on teaching strategy in school soundscapes.

These quotations demonstrate how different teaching strategies shape and are shaped by the
school soundscape. Key points are highlighted in bold to emphasize the diverse acoustic needs of
various teaching methods and the importance of sound awareness in learning spaces.

Participant Group Quotation

Expert Focus Group Participant 3

It’s very difficult to get a picture from the research about the

conditions in different circumstances and in different types of
teaching about the acoustic experience in use.

Expert Focus Group Participant 6

I’m really interested in how these innovative learning environments

affect kids listening, learning and wellbeing.

Experts Focus Group Participant 6

So how we can improve the design of this kind of learning spaces. We

also need to work together with teachers and understand how the
teaching strategy could help in raising awareness in soundscape
and the sound environment.

Staff Focus Group Participant 5

So that’s one thing | think about because we have an open-door

policy. | do teach a number of children that really struggle with data
access now, so I have to shut my door on as they can’t focus.

Teacher Interview Participant 8

In any of the schools | have worked in over the past five years, there

were never any bells. It’s just screaming to call the kids inside or
send them outside.

and staff participants highlighted challenges posed by class-
room placement in relation to high-traffic areas, such as
bathrooms and the impact of poor sound insulation between
rooms. These locations often become hotspots for disruptive
noise, particularly during transition times and breaks, when
sound levels naturally peak. In these cases, the spatial con-
figuration inadvertently prioritizes movement and access
over learning conditions, amplifying the acoustic burden on
teachers and students.

The issue extends beyond internal school dynamics. Sev-
eral participants also emphasized the impact of external
noise sources, such as nearby roads, construction sites or
service areas like car parks and delivery bays. Classrooms
situated near these external noise generators suffer from
continuous exposure to traffic sounds, engine noise and gen-
eral urban disturbances, which can significantly interfere
with both teaching and student concentration. This is partic-
ularly concerning for schools in dense urban settings where
external soundscapes are less controllable.

For instance, teachers reported struggling to hear their
students in classrooms located near busy areas, where noise
from hallways or adjoining spaces can overpower instruc-
tional sounds. Additionally, the versatility of spaces is cru-
cial, as classrooms designed for both lecture-style teaching
and group activities should ideally be adaptable to differ-
ent acoustic needs. These insights underline the importance
of considering spatial orientation and flexible design in
school buildings to optimize the soundscape and reduce
disruptions. Table 12 presents quotations from participants
that examine the influence of building orientation on school
soundscapes.

Space use and density. Space use and density focuses
on how spaces are used, how crowded they are, and how that
real-world usage impacts acoustics, regardless of their ini-
tial design. It highlights functional misalignments and the
consequences of shared or densely packed spaces. Beyond
building orientation, the way school spaces are used and
how densely they are occupied also play a critical role
in shaping the acoustic experience. The functionality and
density of school spaces play a vital role in shaping the
soundscape. Participants from both groups emphasized the
importance of designing spaces with their intended pur-
poses in mind, noting that actual use often differs from ini-
tial design expectations. For instance, classrooms that share
walls can inadvertently transmit sounds, such as videos or
other activities, which disrupt neighbouring lessons. This
situation can be particularly challenging during language or
listening exercises, where focus on sound clarity is essential.
The need for teachers to open or close doors to manage these
acoustic interferences further demonstrates how space use
and density influence both teaching effectiveness and stu-
dent learning experiences. Shared learning zones are often
intended to foster collaboration, creativity and active group
work. However, as participants noted, when multiple classes
simultaneously occupy these shared areas, the sound lev-
els can quickly escalate beyond manageable limits. This
leads to situations where teachers struggle to hear their own
students, undermining the very purpose of the group activi-
ties the spaces were designed to support. Without sufficient
acoustic separation or noise management strategies, the
potential educational benefits of these open-plan areas may
be compromised by auditory overload and reduced speech
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Table 12. Quotations from participants on building orientation in school soundscapes.

These quotations illustrate how building orientation and spatial arrangement influence the school
soundscape, with key points highlighted in bold to emphasize the impact of room placement,

external noise and sound insulation challenges.

Participant Group Quotations
Expert Focus Group

Participant 1

I think particularly when we’re talking about the difference between that lecture
style teaching and group work teaching. If we can design spaces so that can

cater to both of those, have the flexibility to change depending on what the

activity is.
Staff Focus Group
Participant 9

I teach in one classroom, which is just opposite the toilets. During breaks, oh, no,
no. It is so loud. I have to close the door because | simply can’t hear students at

all. It’s not just that | have to ask them to repeat — We just can’t hear each other.
So, it really is a big problem for the teacher itself.

Staff Focus Group
Participant 2

Staff Focus Group
Participant 8

I mean, | find it almost impossible to teach in my tutor group classroom, as it's
also under that high roof.

We are at the seaside, and there are a lot of unique opportunities for adding
natural sounds to the school environment. So, it’s not necessarily the seagulls.

It might be birds chirping or the rustling of leaves. Considering our seaside
location, that is an opportunity for us.

Teacher Interview
Participant 3

At the school | worked before, there was a constant beeping sound from the next
class. it was repeating in certain rhythms. | think it’s a technological device

related to a school system internet or something like that. It was not possible
for us to remove it. | was constantly distracted during the lesson; | was waiting
for that voice to come. Of course, this reflected on the students as well.

Teachers Interview
Participant 4

A school between houses, the sound of the engines, trucks, children and talking,
they are so disturbing.

intelligibility. Similarly, the use of corridors and other infor-
mal spaces for small-group interventions illustrates how
schools, often constrained by space limitations, adapt areas
beyond their original function. While these interventions
may provide logistical flexibility, they typically expose stu-
dents to uncontrolled background noise from surrounding
activities. This is particularly problematic for students with
hearing sensitivities, those with language processing diffi-
culties or those who require a quieter environment to focus
and engage. In such cases, the inclusivity and effective-
ness of these learning activities are at risk. This feedback
suggests that designing spaces with acoustics as a prior-
ity, tailored to real-world classroom dynamics, is crucial for
effective learning environments. Table 13 exhibits quota-
tions from participants that explore the relationship between
space use and density in school soundscapes.

Discussion

The findings of this study shed light on the dynamics
of school soundscapes, providing an opportunity to com-
pare traditional school acoustic approaches with emerg-
ing soundscape-oriented perspectives. Traditional school
acoustic approaches primarily focus on meeting objective
acoustic standards, such as noise level limits, reverberation
time and sound insulation. These standards are essential for
creating environments conducive to clear communication

and minimizing distractions.'®'° However, this approach
often adopts a one-size-fits-all perspective, emphasizing
noise control without fully accounting for the subjective and
contextual experiences of users. There is growing recogni-
tion that international standards for learning environments
should incorporate soundscape principles, ensuring that
user perceptions and needs are considered alongside objec-
tive acoustic criteria.>> As seen in this study, the school
soundscape approach considers both the objective and sub-
jective dimensions of sound. It recognizes that schools are
dynamic environments where the interplay between sound
sources, users’ needs and contextual factors profoundly
shapes individual experiences. By incorporating themes
such as effective resting and relaxing and expectations and
experiences, the school soundscape approach goes beyond
noise control to promote positive auditory experiences. This
holistic perspective acknowledges the diversity of users’
needs, particularly the importance of restorative sounds like
nature and music, which can reduce stress and enhance well-
being. This aligns with recent findings showing that students
perceive natural and musical sounds as supportive of their
well-being, further emphasizing the potential of positive
auditory experiences in schools.® Furthermore, it empha-
sizes flexibility in acoustic design to accommodate varied
teaching strategies, activities and user preferences, elements
often overlooked in traditional acoustic approaches.
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Table 13. Quotations from participants on space use and density in school soundscapes.

These quotations highlight the influence of space use and student density on the school
soundscape, with key points emphasized in bold to showcase challenges in shared spaces,

acoustic separation, and unintended sound overlap.

Participant Group Quotation

Expert Focus Group Participant 1

| think one of the most important things we’ve talked about has been

designing spaces according to the purpose they are needed for.

Experts Focus Group Participant 2

The design stage is often quite different from what actually happens

when children are using that space.

Staff Focus Group Participant 4

I mean, if you can hear the history lesson - It’s far worse for him

(implying other teacher) than me — But you have to hear the videos
he’s playing and sounds coming through. You know, classes and
activities end up affecting one another.

Staff Focus Group Participant 9

| have to go in, close the door, open the door, and that adds

distraction which affects language learning. We are doing lots of
listening exercises, it's essential that the children are able to hear to
be able to reproduce the pronunciation.

Teacher Interview Participant 5
Teacher Interview Participant 6

Every class needs to be separate (acoustically).
We have a shared learning zone between three classrooms. It’s

supposed to encourage group work, but when all three classes are
using it at once, it’s just overwhelming. I can’t hear my own

students.
Teacher Interview Participant 17

We sometimes have small group interventions in corridors or shared

spaces, but the background noise makes it very hard for students to

concentrate.

An additional layer of insight emerges when considering
the differing perspectives between teachers and acoustics
experts. While both groups acknowledged the importance
of sound in the school context, their focus points diverged
in subtle but meaningful ways. Experts tended to priori-
tize the acoustic environment from the perspective of the
students, often emphasizing issues such as speech intel-
ligibility, learning conditions and inclusivity for children
with additional needs. In contrast, teachers were more
likely to frame their responses through the lens of their
own experiences and well-being, frequently mentioning
factors such as fatigue, stress and the ability to manage
classrooms effectively. Experts often approach soundscapes
through an acoustical performance or policy lens, while
teachers’ perceptions are deeply tied to the lived, moment-
to-moment experience of managing noise and maintaining
personal well-being in busy classrooms. It suggests that
multi-stakeholder engagement is critical when designing
and implementing acoustic interventions in schools.

The prominence of user factors in participants’ discus-
sions highlights the centrality of the human experience
in shaping school soundscapes. This tendency may reflect
the natural inclination of individuals to prioritize their
own perceptions, emotions and behaviours when describ-
ing their environments. Personal experiences are often
more immediate, relatable and easier to articulate, espe-
cially for non-acoustic specialists. Cultural context may also
play an important role in shaping perceptions of school

soundscapes.!? Educational systems in countries such as
the United Kingdom and Turkey differ in structure, ped-
agogy and expectations placed on both teachers and stu-
dents, which in turn may influence how sounds are experi-
enced and interpreted. For example, classroom management
styles, class sizes, and attitudes towards noise tolerance can
vary between cultures, potentially altering the degree to
which certain sounds are perceived as disruptive. In con-
trast, acoustic factors, such as reverberation time, sound
insulation or background noise levels, may be less con-
sciously noticed or more difficult to verbalize without tech-
nical knowledge. It is possible that many acoustic issues
become so normalized in everyday school life that they
fade into the background and are not explicitly identified
unless they are particularly disruptive. In interviews, the
relatively limited discussion of acoustic factors does not
diminish their importance but instead points to a potential
gap in awareness, suggesting that improving acoustic lit-
eracy amongst school communities could help bring these
less visible but impactful aspects to the forefront of school
design and management conversations.

Thisunderscores the need for a paradigm shift in school
sound research, moving beyond noise control to explore
how positive soundscapes can be systematically designed
and implemented. Introducing positive sounds, such as nat-
ural soundscapes or background music, can indeed enrich
the auditory environment and potentially support well-being
and concentration. However, if not carefully designed and
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Figure 4. Integration of school soundscape factors into the ISO conceptual framework of soundscape.

managed, these sounds might inadvertently contribute to the
overall sound level, creating auditory clutter or even new
distractions. Furthermore, what is perceived as ‘positive’
may vary significantly between individuals, age groups and
contexts, making it difficult to design universally benefi-
cial sound interventions. Future research should investigate
the long-term effects of positive sounds on student and
teacher well-being, learning outcomes and social interac-
tions. Additionally, studies should examine the contextual
factors that influence the perception of positive sounds, such
as cultural differences, personal preferences and environ-
mental conditions. By addressing these gaps, researchers
can contribute to a more comprehensive understanding of
how soundscapes shape educational environments.

The integration of findings with ISO
12913-1 framework

Understanding school soundscapes within a structured
framework is critical for developing actionable insights that
can improve acoustic environments in educational settings.
Schools are dynamic environments where sound plays a piv-
otal role in influencing teaching, learning and well-being.?°
However, the complexity of school soundscapes, character-
ized by diverse sound sources, user needs and contextual
factors, often makes it challenging to identify and address
specific issues effectively. By integrating the findings of
this study into the ISO 12913-1:2014! conceptual frame-
work, a widely recognized and systematic model for sound-
scape analysis, these challenges are contextualized within
a global standard. This approach enables a more compre-
hensive understanding and fosters better alignment between
research, policy and practice.

Figure 4 demonstrates the integration of key school
soundscape factors identified in this study into the ISO
12913-1:2014! conceptual framework of soundscape.>” The
ISO framework emphasizes the interplay between sound
sources, context and perceptual responses, providing a
structured approach to understanding how acoustic envi-
ronments influence human perception. In this study, the
school soundscape factors are categorized into three main
domains: acoustic factors, user factors and school-related
factors, each contributing to the overall soundscape expe-
rience. These domains and their respective subthemes are
mapped within the ISO framework in Figure 4.

The conceptual framework for school soundscapes inte-
grates the ISO conceptual framework of soundscape with
school-specific elements to analyse how sound impacts stu-
dents and teachers in educational environments. It begins
with sound sources, distinguishing between positive sounds
(e.g. birdsong, music) that enhance relaxation and focus
and negative sounds (e.g. noise from traffic or construc-
tion) that may disrupt learning. These sounds interact with
the acoustic environment, auditory sensation and individual
expectations, shaped by the school’s physical and contex-
tual factors such as teaching strategies, spatial design and
school schedule. Responses to sound include behavioural
and emotional reactions, influenced by characteristics like
sensory sensitivity and activities in the space. Ultimately,
this framework connects soundscapes to outcomes such as
well-being, cognitive performance and engagement, empha-
sizing the importance of designing school environments that
balance acoustic conditions to support effective listening,
relaxation, and overall satisfaction. This holistic approach
underscores the dual role of soundscapes in mitigating noise
and leveraging positive auditory experiences in schools.
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Limitations

The study relied on qualitative methods, which provide in-
depth insights but may not fully capture the broader preva-
lence or statistical significance of the identified themes. Par-
ticipants’ perceptions and experiences were context depen-
dent, shaped by their specific school environments and
cultural backgrounds, which may influence the transferabil-
ity of findings to other contexts. Notably, the staff focus
group was conducted within a single secondary school,
and this limited context should be considered when inter-
preting the relevance of those particular insights. Future
research should address these limitations by incorporat-
ing larger, more representative samples and mixed-methods
approaches to enhance the robustness and generalizability
of findings.

Conclusion

This study explored school soundscapes by examining fac-
tors that influence acoustic environments in educational set-
tings, aiming to address the research question. The findings
contribute to understanding both the acoustical and contex-
tual elements that shape the perception and experience of
soundscapes in schools.

The study identified three themes that influence school
soundscapes: acoustic factors, user-related factors and
school-related factors. Within these, 11 subthemes emerged,
highlighting the complexity of school soundscapes. Acous-
tic factors, such as effective hearing and listening and
effective resting and relaxing, were particularly emphasized,
showing the importance of clear speech and restorative
environments for both teachers and students. User-related
factors revealed the diversity of perceptions, expectations
and sensitivities to sound, with particular attention to the
needs of students with special characteristics, such as cogni-
tive differences and noise sensitivity. Finally, school-related
factors, such as teaching strategies, time and schedule, space
use and density, demonstrated how physical design and
operational practices impact the acoustic environment. The
hierarchy analysis shows that user factors received the most
attention, highlighting the participants’ focus on individ-
ual needs, sensory sensitivities and behavioural patterns
in shaping school soundscapes. Within school factors, the
prominence of teaching strategies suggests that participants
emphasized the changing acoustic requirements of group
work, individual tasks and innovative teaching methods.
Although acoustic factors were less discussed overall, the
focus on effective hearing and listening underlines their
foundational importance in supporting educational activi-
ties.

The study discussed the identified school soundscape
factors onto the ISO 12913-1:2014 conceptual framework,
offering a structured approach to analysing school sound

Indoor and Built Environment 0(0)

environments. The study emphasizes that school sound-
scapes are shaped by the dynamic interplay of environmen-
tal, user and contextual factors. This integration underscores
the potential for enhancing learning environments, support-
ing user well-being, and improving the overall educational
experience through thoughtful soundscape design.
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