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1. Introduction

Acoustic conditions play a fundamental role in the quality of educational environments. In spaces where
communication is the primary function, such as classrooms and lecture halls, the ability to clearly perceive speech is
essential for effective learning. Poor room acoustics—characterized by excessive reverberation, high background noise
levels, and low speech intelligibility—can significantly reduce comprehension, concentration, and overall academic
performance. In addition, such conditions may increase fatigue and stress among both students and educators.

Research has shown that optimized acoustic environments can improve speech perception by up to 25%, directly
influencing learning outcomes. While acoustics is often overlooked during the design phase of educational buildings, its
impact extends far beyond classrooms. Dining areas, sports halls, and other shared spaces also require careful acoustic
consideration to ensure comfort, functionality, and effective communication.

This paper explores the importance of room acoustics in educational facilities, supported by findings from international
studies, and presents case studies of Kutaisi International University (KIU) and the British-Georgian Academy. The
KIU project, revised by Akukon Georgia, included the acoustic design of various spaces such as seminar rooms,
computer rooms, the cafeteria, offices, and corridors. Particular attention is given to a 400-seat lecture hall. In
comparison, the acoustic design for the British-Georgian Academy focused on ensuring an appropriate acoustic
environment in the sports hall.

2. Literature Review



Numerous studies conducted in Europe, the United States, and Canada emphasize the critical role of acoustics in
educational environments [1] [2]. One of the primary factors affecting learning is speech intelligibility, which is
influenced by reverberation time (RT), background noise levels, and signal-to-noise ratio.

Excessive reverberation acts as a significant cognitive barrier, forcing the brain to dedicate excessive mental resources
to speech clarification processes rather than information. To maintain clarity, recommended reverberation times
typically range between 0.4 and 0.8 seconds for standard classrooms, while larger lecture halls require a target RT60 of
approximately 1.0 second. When these requirements are exceeded, a physiological response known as the Lombard
Effect is triggered; teachers instinctively increase their voices to overcome the noise caused by excessive reverberation,
leading to chronic vocal strain and reduced pedagogical effectiveness.

Furthermore, background noise—whether from HVAC systems, external traffic, or adjacent rooms—must be strictly
limited to 35 dB(A) to ensure a high Signal-to-Noise Ratio (SNR). Maintaining these levels is a requirement for an
inclusive learning environment, as poor acoustics are hardest on listeners with special needs, such as non-native
speakers and students with ADHD or hearing impairments. Ultimately, optimizing the acoustic environment is not
purely an architectural choice but a functional necessity that supports memory retention, reduces auditory fatigue, and
preserves the long-term health of both students and educators.

3. Importance of Acoustics in Different Educational Spaces
3.1 Classrooms and Lecture Halls

Classrooms are the most critical spaces in educational facilities from an acoustic perspective. Clear speech transmission
is essential, as teaching relies heavily on verbal communication. Acoustic design strategies in these spaces typically
focus on controlling reverberation, minimizing background noise, and ensuring uniform sound distribution.

The use of sound-absorbing materials on ceilings and walls, combined with appropriate room geometry, significantly
enhances speech intelligibility. In larger lecture halls, additional measures such as acoustic reflectors and sound
reinforcement systems may be required.

3.2 Dining Areas

Dining areas present a different acoustic challenge. These spaces often accommodate large numbers of occupants,
generating high noise levels due to simultaneous conversations and activities. Without proper acoustic treatment, noise
can accumulate, creating uncomfortable and stressful environments.

Sound-absorbing ceilings, wall panels, and furniture materials play a crucial role in reducing noise levels and improving
overall comfort. Effective acoustic design in dining areas supports social interaction and enhances user experience.

3.3 Sports Halls

Sports halls typically have large volumes and hard surfaces, which lead to long reverberation times and high noise
levels. While speech intelligibility is less critical during physical activities, excessive reverberation can still negatively
affect communication between instructors and students, as well as overall acoustic comfort.

Acoustic treatment in such spaces often includes durable, impact-resistant absorptive materials installed on walls and
ceilings to reduce reverberation and control noise propagation.

4. Case Study: Kutaisi International University
4.1 Project Overview

Kutaisi International University (KIU) is a modern educational institution in Georgia, designed to meet international
standards. The campus includes lecture halls, classrooms, dining areas, and recreational facilities. As part of its
development, particular attention was given to creating a high-quality learning environment.

Akukon Georgia was involved in revising the room acoustic design of selected spaces and as was agreed, requirements
were taken based on Building Bulletin 93 (BB93) standard [3]. BB93 is a document published by the Department for



Education in England and provides acoustic performance standard for school buildings including lecture halls, teaching
rooms etc. Existing project of the university, along with architectural structures, includes materials for the surfaces in
lecture halls, classrooms and other spaces of the building.

Below table lists required room acoustic requirements for different spaces.

Table 1. Reverberation time RT60 requirements for different spaces

Spaces Reverberation Time RT60, seconds
Lecture hall (more than 50 person) <l

Lecture hall (less than 50 person) <0.8

Seminar room <0.6

Computer room <0.8

Cafeteria <1.0

Office <1.0

Corridor <13

For teaching spaces for use by students with special hearing or communication needs, the required reverberation time is
expressed as the arithmetic average of the reverberation times in the 125 Hz to the 4 kHz octave bands, or the arithmetic
average of the reverberation times in the one-third octave bands from 100 Hz to 5 kHz.

4.3 Acoustic Solutions

We consider a specific case study of a lecture hall at KIU, designed with a seating capacity of approximately 400
people. The acoustic simulation for this hall was conducted using Acoustic Simulation Software Odeon, and the
following materials were specified for the surface treatments:

e Ceiling - 50% of the ceiling should be covered with open linear wood or laminated MDF panels with
acoustical felt, covered with 20mm 90 kg/m3 acoustically absorptive material. 50% should be covered entirely
with wood or laminated MDF.

e  Side walls — 50% of the side walls should be covered with open linear wood or laminated MDF panels with
acoustical felt, covered with 20mm 90 kg/m3 acoustically absorptive material. 50% should be covered entirely
with wood or laminated MDF.

e  Front and back walls — 100% of walls should be covered with open linear wood or laminated MDF panels with
acoustical felt, covered with 20mm 90 kg/m3 acoustically absorptive material.

e  Floor - floor should be covered with vinyl flooring.



now fully functional following the university's official
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The following figure illustrates the actual state of the hall

opening.



Laminated MDF panels were utilized for the surfaces, with a precise 12mm gap maintained between them. As a result,
the measured reverberation time was 0.94 seconds with the auditorium at student capacity.

The table below presents the measurement results of an empty hall by octave bands across the whole frequency range.
In case of a hall full of approximately 400 students, result will be somewhat lower.

125Hz 250Hz 500Hz 1 kHz 2 kHz 4 kHz

Empty hall 1.55s 1.28s 0.90s 0.85s 1.02s 1.25s

For Speech Intelligibility Range we should look at arithmetic average of following frequencies - 500 Hz, 1000 Hz, 2000
Hz. In this case we have Reverberation Time result of 0,92 seconds and STI (Speech Transmission Index) result is 0.74,
which is on the verge of good and excellent values.

Based on this example, we see the critical importance of both accurate design and the precise execution of the project.
The result is in full compliance with performance standards, demonstrating compatibility with BB 93, Acoustic Design
of Schools.

4.4 Results and Impact

The implementation of these acoustic improvements resulted in significantly enhanced speech intelligibility and overall
acoustic comfort. Since its opening in 2020, Kutaisi International University has received highly positive feedback from
students and staff.

Students frequently describe the campus as an “ideal place for studying,” highlighting the effectiveness of the acoustic
environment. The university has quickly established itself as both an educational and scientific hub, demonstrating the
value of integrating acoustic design into modern educational facilities.

5. Case Study: British-Georgian Academy sports hall

Interior design of sports hall was provided by the client and room acoustic design was made considering internal design
and according to requirements of BB93[1]. To achieve above mentioned criteria following constructions were
implemented.

e  Ceiling - 78% of ceiling perforated wooden panel, with and at least 10% perforation (§mm holes and distance
between holes 32mm). Behind should be 50mm mineral wool with density 50-70 kg/m? and at least 100mm
airgap.

e North and South walls - 32.3% of the wall perforated wooden panel, with and at least 10% perforation (8mm
holes and distance between holes 32mm). Behind should be 50mm mineral wool with density 50-70 kg/m3.

e East and West walls - 30.5% of the wall perforated wooden panel, with and at least 10% perforation (8mm
holes and distance between holes 32mm). Behind should be 50mm mineral wool with density 50-70 kg/m>.




In above figure we see actual implementation of ceiling and wall surfaces with perforation and absorption behind,
which gave following result:

125Hz 250Hz 500Hz 1 kHz 2 kHz 4 kHz

Sports Hall 2.25s 1.60s 1.35s 1.55s 1.85s 2.30s

Low-Frequency Control: The inclusion of a 100mm air gap behind the ceiling panels is a decisive factor in managing
low-frequency energy buildup.

Speech Intelligibility: An RT60 of approximately 1.5 seconds at 500-1000Hz ensures high speech intelligibility for
coaching and public announcements.

The high-quality acoustic environment of the sports hall was noticeable even without measurements; despite the noise
of approximately 85 children from five different classes, the sound levels remained comfortable and clear.

6. Discussion

The cases of Kutaisi International University and British-Georgian Academy illustrates the broader importance of
acoustic design in developing countries such as Georgia. While global research clearly defines the benefits of proper
acoustics, local implementation often remains limited due to low awareness, budget constraints, and lack of regulatory
enforcement.

Projects like we mentioned above serves as an important example, demonstrating that high-quality acoustic
environments are achievable and beneficial. They also contribute to raising awareness among architects, engineers, and
decision-makers about the role of acoustics in education.

As Georgia continues to develop its educational infrastructure, integrating acoustic design principles should become a
standard practice rather than an exception. This will not only improve learning outcomes but also support the long-term
development of the country’s human capital.

7. Conclusion

Room acoustics is a critical yet often underestimated component of educational facility design. Poor acoustic conditions
can significantly hinder communication, reduce academic performance, and negatively affect user well-being,
especially considering students with special needs. In contrast, well-designed acoustic environments enhance speech
intelligibility, comfort, and overall learning outcomes.

The case study of Kutaisi International University and British-Georgian Academy demonstrates that effective acoustic
solutions can be successfully implemented, even in contexts where awareness and experience are still developing. The
positive results observed at our examples highlights the importance of considering acoustics as an integral part of
educational design.

Looking forward, increasing awareness, applying international standards, and investing in proper acoustic solutions will
be essential for improving educational environments in Georgia and beyond. Such efforts will contribute to better



teaching, improved learning experiences, and the successful development of future generations, which will be beneficial
for country development in general.
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