Classroom Acoustics – Recommendations and Standards

The Acoustical Society of America has taken a hard look at how children react to and perform in different acoustical environments.  They offer a wealth of statistics and more importantly simple and cost effective solutions.  This website (bottom of report) offers an excellent guide to calculating signal/noise ratios, reverberation times, and noise criteria ratings which may be necessary to comply with new standards. 

Children and Listening

Acoustical performance is an important consideration in the design of classrooms. Research indicates that levels of background noise and reverberation little noticed by adults, who are mature and skillful listeners, adversely affect learning environments for young children, who require optimal conditions for hearing and comprehension. Poor classroom acoustics are an additional educational barrier for children who have hearing loss and those who use cochlear implants, since assistive technologies amplify both wanted and unwanted sound. Children who have temporary hearing loss, who may comprise up to 15% of the school age population according to the Centers for Disease Control (CDC), are also significantly affected, as are children who have speech impairments or learning disabilities. Kids whose home language is different than the teaching language are also at additional risk of educational delay and failure in classrooms that have poor acoustics.
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represent bad layouts because the
distance between is short



Excessive noise and reverberation interfere with speech intelligibility, resulting in reduced understanding and therefore reduced learning. In many classrooms in the United States, the speech intelligibility rating is 75 percent or less. That means that, in speech intelligibility tests, listeners with normal hearing can understand only 75 percent of the words read from a list. Imagine reading a textbook with every fourth word missing, and being expected to understand the material and be tested on it. Sounds ridiculous? Well, that is exactly the situation facing students every day in schools all across the country.

Though long reverberation time (RT) is the “common cold” of bad classroom acoustics, there is a cure. Ideally, classrooms should have RTs in the range of 0.4-0.6 seconds, but many existing classrooms have RTs of one second or more. Figure 3 gives suitable reverberation times for various rooms typically found in educational facilities. The RT can be estimated fairly easily for both built and unbuilt classrooms with the use of the Sabine equation.  The variables are the physical volume of the room, the areas of different surface materials, and the absorption coefficients of those materials at certain frequencies. The absorption coefficient is a measure how much of the energy of a sound wave a material will absorb.
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FIGURE 3. Suitable Reverberation Times (in seconds) for various rooms typically
found in educational facilities.
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The best design for a lecture-style classroom would be to move some of the absorption from the ceiling to the walls and keep the middle of the ceiling hard to reflect the teacher’s voice toward the back of the room. This seemingly complex, partially absorptive and partially reflective ceiling can be easily built with a standard ceiling grid. Simply place acoustical ceiling tiles around the perimeter of the ceiling and gypsum board panels in the center of the grid. To reflect more sound to the back of the room, the ceiling can be shaped over the teacher’s location at the front of the room. This reflecting surface should be built from a hard material like plywood or gypsum board, and can be painted to match the room. Placing absorptive materials on the walls simultaneously reduces reverberation time and kills echoes. Fabric-covered, 2 inch thick glass fiber panels are a good choice because they are attractive, fairly rugged, and provide some absorption at low frequencies. Add thin carpeting to the floors, and the result can be an acoustically wonderful classroom, with a low reverberation time, no echoes, proper distribution of reflections, and low self-noise, all achieved with common building materials. (See Figure 10c.)

Drywall of different thicknesses used in the same wall, particularly one sheet of 5/8-inch drywall and one sheet of ¾-inch drywall on either side of a wall—each thickness absorbs different sound frequencies and their use together prevents transmission of both high- and low-pitched sounds.

Nonparallel walls (the footprint of classroom is trapezoidal), which reduce echos because this configuration reduces the tendency of sound to reverberate

Ceilings that are higher at the front of the room than the back of the room—the slope allows sound to carry to the back of the room without an echo
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FIGURE 10. Classroom Layouts Classroom (a)s a typical undesirable roomwith no sound absorbing material and no usefu
reflection patterns. Classroom (b)is better with an acousticallay-in, Sound absorbing ceiling and thin carpeting. Classroom (c)
is a desirable room with sound absorbing wall treatment on three walls, thin carpet, a sloped ceiing reflector a the front, and a
ceiling with reflecting surfaces in the center and sound absorbing surfaces around the perimeter.




New ANSI Standard

Their work has now been approved as ANSI/ASA S12.60-2002, Acoustical Performance Criteria, Design Requirements and Guidelines for Schools. Consistent with long-standing recommendations for good practice in educational settings, the new standard sets maximum limits for background noise (35 decibels) and reverberation time (0.6 to 0.7 seconds) for unoccupied classrooms.
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FIGURE 5. Duct Arrangements
(a)bad ductamangement - sound travels
through the ductwork from roomto room,
instead (b) good duct arangement -
sound has a longer path to ravel though
lined duct between adjacent rooms.




The Access Board extracted provisions from the proposed standard for submittal to the International Code Council (ICC) for inclusion in the 2003 International Building Code, which already includes acoustical requirements for multi-family housing.  Although the proposal was not adopted during this round, there was a strong consensus among interested parties to work with the ASA and the ANSI S12 Committee on Noise to resolve referencing issues. Proponents from the working group plan to resubmit the standard for inclusion in the next IBC revision (2006). The Board will also consider rulemaking under the Americans with Disabilities Act (ADA) in 2006.

http://www.access-board.gov/acoustic/index.htm
United States Access Board
http://asa.aip.org/classroom/booklet.html
Acoustical Society of America

