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The same reverberation timein two identical rooms does not necessarily mean the same levels of
speech clarity and sound levelswhen welook at impact of different ceiling and wall absorbers.

Colin Campbell*; Carsten Svenssdn Erling Nilssort
12333int-Gobain Ecophon AB, Sweden

ABSTRACT (837)

It is common to only use Reverberation Time (RT) detting the acoustic conditions in a classroom fo
teaching and learning activities. To calculateRii@n rooms with ceiling absorption is common bus tdata
can also be misleading. Indeed, we measured the &amvalues in two identical rooms with different
acoustic treatment, even though the calculatioedipied significant differences and interestingly tooms
are also be perceive quite differently in reality.

Assuming that the user perceptions are valid, tbesured RT data alone leaves us in the dark wiskimse
to explain the difference in human user perceptid@asuring additional room acoustic parameters sisch
speech clarity and the difference in sound levestifies other differences between the two roavitlk the

same RT and points to why only one of the two rosgems fit for purpose as a group activity room.

We will discuss how to achieve acoustic comfortlessrooms; low RT, low sound levels and high sipeec
clarity. In addition to commonly accepted low RTues we will discuss recommended objective valoes f
good Speech Clarity to support good speech commtioitactivities in typical teaching and learniogms

in real life situations.

Keywords: Sound, Absorption, Classrooms, ReverloeraBpeech Clarity.

1. INTRODUCTION

During the last 50 years, awareness of the impoetarf classroom acoustics has increased steadhigy. T
benefits for teaching and learning have been wadlichented and the acoustic performance has alsmased in
new and upgraded classroom acoustic standards. \lowke way we evaluate classroom acoustics has not
evolved much during this period. The acoustic ctteréstics of a room can be calculated, measurednzeny
classroom acoustic standards have been set aro@ncdoonmon parameter — Reverberation Time (RT). @her

years, RT has been widely understood and refereasdtie most practical measure to evaluate thetyudl
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acoustics in a classroom.

In recent decades it has also become increasiogiynon for the acceptable reverberation time valoes
be lowered (shortened) and indeed in many casertévious recommended minimum value levels haem be
removed. In the Nordic countries according to Rassen’, the trend has clearly indicated that a shorteisRT
assumed to be better. However, even when a clamsrmoeets these (shorter objective) RTs, it does not
necessarily mean the classroom will be subjectipelceived as having good speech intelligibilityaw sound
levels by the users when the room is occupied.

Measuring the RT means that we mostly considedéuay of the late reflections and we miss the divera
room response to a given sound and in particuketirly reflections which are very significant whenomes

to the clarity of speech and how it will be pereshas found in listening tests performed by NilSson

Background

In Sweden alone, around 1500000 young people speogt of each day in a school environment.
Increasingly, additional spaces are being usetefirhing and learning as a complement to the ioadit (60m2
circa) classroom to provide a room where quietviadial study or group work can take place and wispexch
communication is actively encouraged. Smaller greopms now increasingly have to support a broader
pedagogic approach.

It has been acknowledged in several studies, ¢élaahing and the ability to remember and concentiae
affected by acoustic conditions as well as geneedibeing and stress related symptoms. In the dbydyjung and
Hygge et al’ the effect of different signal to noise ratios e ability to recall words shows that noisy
surroundings in classrooms impair learning.

The effect of room acoustic improvement on theray activities in schools has been investigated in
several studie5?**° It has been shownthat with improved room acoustic conditions, thedsnts” social

behaviour becomes calmer and the teachers expelfi@wer physiological load (heart rate) as welkss fatigue.

Knowledge about how we characterize the acoustaaditions in classrooms has increased in recexsye
Several investigations have highlighted the netessi including more acoustic parameters for a vaht
have shown to be an important and necessary corapleim the RT.

In Bradley’s papéf, the use of the room acoustic parametess a&bd Strength are examined both
experimentally and theoretically. In Barron, Nilesd**a model is presented for calculating &d G. There was
particular focus on explaining the non-diffuseméield in rooms with ceiling treatment and hovstimfluences
these parameters. In national standards and remdat.g. UK, Germany, [Nordic countries see Rasenisthere

is still a clear dominance of RT as the parametecharacterizing the acoustic quality.

In view of the above, it is clear that the practafeonly defining a single number evaluation of RT

potentially restricts development of optimal ac@usbnditions.
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The effect of acoustic treatment as manifestedhbjeatively measured parameters, only provides the
physical characterization of the classroom. Ithesn shown that there is also a psychological Hiaek’ effect
arising from the acoustic design that influencesttehaviour of the people in the robiffor example, one effect is
that in a well-treated classroom, the noise duthéostudent activity is not only subdued as a tliresult of the
acoustic treatment but is also reduced becausergsidehave more quietly. This effect is sometirafssred to as
“reverse lombard” or “library effect”. It is illusited in Figure 1a. Ref Essex Stiidyie sound levels dropping as
a result of increased levels of absorption. Themibard effect” has been found to be very signifidgardverage
sized classrooms and we think it is also importartonsider the acoustics in even the smallestathing and
learning rooms, so we want to understand how saamf different acoustic treatments are for smadthucational

rooms which are also used for speech communication.

Figure la: Essex Study Sound Pressure levels tordifferent acoustic treatments.

Sound levels (SNR) — "Reverse Lombard”

Measured over 120 hours of lessons

IN

18dB(A) —Lheg :

Untreated BB93 BB93 Hi BATOD

The Different Types of educational spacesand sound fields
What about the physical environment then? Diffetgpés of spaces and rooms, for instance in a $civdb
create such different sound fields that variousdetors are required if a meaningful evaluationoishe made.

Three different basic acoustic types can be idendtif

1. The reverberant room

2. The room with a sound-absorbing ceiling

3. Rooms with extended forms like open-plan spacescamnitiors.

For the reverberant room, the reverberation isvmiitable as an overall descriptor charactegitiile acoustic
conditions in the room. For the room with an absatbceiling the late reverberation time needs to be

complemented with additional measures related ¢octinditions at steady-state and the very early gfathe
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decay process. Measures like Strength (G) andtZairiSpeech (&/Dso) are suggested. For the open-plan space
measures related to the sound propagation oveandistare recommended. For a calibrated sound sthece
parameters Bsand LpAsamcan be used to define a distance of comfort betweasrking groups in an open-plan
learning space. Room acoustic quality — loweringnsblevels (noise limitation), increasing speedbliiyibility

and control of reverberance will lead to a betarhing environment.

The acoustical quality of rooms should provide supfor the occupants and the activities in whicbytare
involved. To create the correct acoustic conditiisrt® create room acoustic comfort. Room acoustiofort
involves more than just a certain reverberatioretiirhe hearing experience is multi-dimensionalhwiveral
different components of the sound being signifidanthow it is perceived. Thus it is important wnsider a

variety of different room acoustic descriptors.

Regarding “hard rooms” (all surfaces are refteptthe following applies: 1) Reverberation tilagiven by the
sound absorption (Sabine formula) 2) Sound preseuet can be calculated from the reverberatior tkmowing
the sound power from the source 3) Negligible imfice of sound scattering non-absorbent objects.

For “rooms with only absorbing ceilings” thelfaking applies: 1) No clear relation between reegation time
and sound pressure level 2) Different acoustieattnent giving the same reverberation time can Hiferent
influence on the sound pressure level 3) Non-alesdrgound scattering objects have large influemce o
reverberation time but not on sound pressure level.

For “open plan rooms” the descriptorgs@nd LpAs4mare suitable and vary with the distance from thendo

source.

2. Outline Objective

In this study we wanted to look into objective m@asnent data which we understood to have a sigmific
correspondence to the subjective perceptions afaiie for the users. In the long term, the intantmthat those
findings should improve the target values in stadsiaand recommendations and in that way securenapti

acoustic condition in small classrooms or groupmeo

If we look beyond reverberance / RT’'s, we can Mbetliestrate and understand the room acoustic
characteristics for rooms with sound absorbingirgsl and wall absorbers when it comes to the medsur
outcomes for various acoustic and human qualities.

What does it really take to find acoustic harmoayow RT, low sound levels and high speech claiitya
room? To achieve room acoustic comfort in thesedvemp rooms, by measuring additional parametersame
achieve a more accurate assessment or picturewofiese rooms will respond to sound, how close Hreyto
the theoretical diffuse sound field and whethevilt actually be fit for purpose in reality.

The diffuse sound field is a theoretical situatignich is in reality, very often not achieved inlassroom,
where the ceiling is predominately used for theogttion treatment. Increasingly in modern schoakstoom
design and furnishings, there are fewer diffusitgments i.e. shelving for books, model displays &tore

information is digitalized and resources are onkne this combined with design trends means tlzesoboms
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are becoming more minimalistic regarding furnitared large flat surfaces. Hard flat surfaces likesfdrboard
and glass are also more prevelant, on externasvtali common to have the curtain wall glazing bamed with

internal glazing on the opposing wall which is emmamed to increase transparency through to theédooror

internal school spaces.

It is not suprising then that the reverberant sodéchy does not follow the straight decay pathnia With
the theory. In non-diffuse rooms as found by NilsSowhen stopping the sound source, the early decay
correlates to the theoretical curve but the latt gieviates creating longer than expected RT’s.

We measured T20, commonly used which begins reagr8dB below the initial sound source. This is
significant as the first 10dB (EDT) according tolddbn®® is widely accepted as a crucial area where we
perceive the reverberant sound. By not recordieginftial 5dB drop in relation to the overall decag miss
some valuable information regarding the balancdirafct sound and early reflections which relate enclosely
to our perception of sound and speech clarity.

So regarding how users may perceive sound inclutliegspeech clarity, by continuing with a single
number value (RT), we over simplify the room ac@uabalysis for calculating (with Sabine) and measuthe
room characteristics. However we should not be raeg if in modern classroom designs, increasirigly
becomes more inaccurate to define how sound willadly be perceived.

In modern classrooms, where the rooms are incrglgsion-diffuse and combined with changes in teaghi
and learning approaches, we need to re-evaluttie gingle number RTs indicate whether a classrgdffit for
purpose” or not. Teaching methods are increasinglying from a more traditional teacher centred apph
where speech from one person (teacher) dominaies, more student centred approach where studeats ar
actively encouraged to be more engaged in theinileg process. This means actively encouragingess=d
student speech interaction including; questiorisdugsions, group work or speech conversationsiis.p

The room acoustic measurements we focused on ieslpdrameters related to quality aspects such as
speech intelligibility, sound strength / levelsvasll as reverberance. These parameters we bel@vespond
well to the subjective response concerning thelpuwpid teachers’ judgment of different acousticditions in
respect to speech communication and the genereéjption of the work environment related to sounglosre.

It is important to be able to specify good roomustics in an objective way. It has been shown that
acoustical conditions influence the quality of t@ag and learning as well as the well-being of tess and

students during their activities in schools.

The objective of this study is to establish theditians for optimal classroom acoustics as margfiéh
the room acoustic parameters; Speech ClartydB), Sound Strength G (dB) / Sound Levels an@ngeration
time T20 (s). G evaluates the effect of the room’s response tovangsounds and the balance of the early
reflections in relation to the late reflectionsoGSound Strength measures the room’s overall ibanion to a
given sound. The parameters are defined in thelatda ISO 3382-112'° In general, these additional parameters
Csoand G outlined in ISO 3382%%were intended for large performance spaces rétiagr for speech in smaller
basic classrooms, however, they have been foubd ¢mod indicators regarding the room acousticityues well
as RT"9191213 |t has also already been identified that in latgpical classrooms thats€and G values can be

different even when the RT is the same.
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Today, the main parameter in acoustic design ohargl room types is the RT. RT is well represerited
national standards and regulations. Neverthelesswiell known that the RT alone is not sufficiéot a relevant

characterization of the acoustical conditions ioms.

The purpose of this modest investigation was tavsthe beneficial effect of using several parameeit
acoustic configurations together with the RT forafier group rooms. Optimal acoustic conditions dthdae
specified by a balance of objectively measurealdeapeters related to speech clarity, sound streagth
reverberation time. Target values correspondinggtimal room acoustics are presented as well agyries
recommendations concerning acoustical treatmegtafp rooms and any similarities with typical clagsns.
This will be an important input for the establishmhef meaningful and more accurate recommendations
concerning optimal acoustic conditions in classredm be used in future standards and requiremehé&sew

increasingly small group rooms have to fit a brogulagogic approach.

3. Group room configurations:

The sizes of the rooms we used are length x widthight = 3,2 m x 3,7 m x 2,06 m. The size of tluset
in eachis =0,81 mx 0,80 m x 2,06 m. 11.19m22%86m3.

The rooms have identical furniture and surfacestapam the acoustic treatment on the ceiling alnel t
additional wall absorption. Both have suspendedsziedged ceiling panels installed in an exposelsystem
with the same overall depth of system in the cgilimid. (Note the lightweight construction of thealis
(plasterboard / gypsum hollow construction witkegriated lightweight insulation).

Room 1. The ceiling panel installed is a 20mm panel witbSorption Class A” glass wool absorber. Both
rooms were then measured again with additional alabrption on one wall. 40mm “Absorption Classwll
absorber in accordance with ISO 11654.

Room 2. The ceiling panel is 14mm panel with “Absorptiotass E” wet pressed mineral wool absorber.
The acoustic measurements were done using an iepakponse in order to evaluate the following room
acoustic descriptors; T20s6and G in accordance with ISO 3382-1. Due to the sfzzhe group rooms it is not
possible to measure G in accordance with ISO 3382-ve measured the dB(A) sound pressure levels in

addition.

4. Methodology (intervention study)
The main part of this small study was to measuik amalyse data from two otherwise identical group

rooms which had different acoustic treatment. Tla¢adcollected consists of room acoustic measurement

(impulse response measurements). The rooms wemshed but unoccupied.
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Acoustic design: potential best practice

Active choice of absorbing panels and configuratitm fulfil considered target values over the rakgv
frequency range, including special attention to feguency absorption, the existing room constancgiroperties
and the effect of the distribution of the absonptio
Fine structure of impul se responses:

The room acoustic parameters chosen are definEsidn3382-1/2. Using recorded impulse responses it
was possible to investigate the additional parare€f20, Go and G in accordance with ISO 3382-1. Due to the
size of the group rooms, it was not possible tosueaG in accordance with ISO 3382-1 so we meashed
sound levels in dB(A).

Measurement of room acoustic parameters:

The procedure for measuring parameters was testeablvance. Expected standard deviations were

established by measuring under laboratory condit{@tophon laboratory).

Objective measurements parameters:

Measures related to speech clarity, sound streregibnd level and reverberation time.

Analysis of data:

Analysis of the room acoustic parameters measuresmehis data was compared to target values for the

room acoustic parameters relevant for more typargler sized classrooms. The results will servimaist for the

acoustic design guidance for future small groupm®.0

5. Results:

The Ecophon Ecorama group room acoustic measurement
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Image 1: The two group rooms tested.

Figure 1 — T20 in both rooms with ceiling absorptanly.
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In Figure 1: we see the T20 (125-4000Hz). Here am see that both rooms are quite similar with
marginal differences of 0.1-0.2 above and belowath cases, with no clear separation, so nothigigfgtant to

interpret from this. Average values across (125840) Room 1: 0.9s Room 2: 0.96s.

Figure 2 — SPL in both rooms with ceiling absomptimly.
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Sound pressure level (dB)
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In Figure 2: we can see a clear separation in Ble $he sound level in room 2 is over 4dB(A) higher
than room 1 between 250 - 4000Hz which is quitaifitant and around 2 dB(A) more at 125Hz even tiou
the T20 at 125Hz reads the same. So despite thd&ig very similar we can clearly see that thensldevels

are significantly lower in room 1. Average valuesass (125-4000Hz) Room 1: 78dB(A). Room 2: 83dB(A)

Figure 3 — C50 in both rooms with ceiling absorptomly.
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In Figure 3 we also see a clear separation regattisntwo rooms. Again the values show room 1 teeha
a significant improvement in Speech ClaritysdCWhile at 125Hz there is only a marginal (buttjosticeable
difference) improvement of around 1 dB(A) betwe&0-2000Hz we can see a consistent and more signific
improvement in Speech Clarity of at least 4dB(Ajabteast 12% for B. Average values - Room lsd@alues
across (125-4000Hz) 6dB(A). Room 2: 1dB(A). Foreea$ understanding when converted te e values
across (125-4000Hz) are Room 1: 80%. Room 2: 65%.
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Image 3:Ceiling and wall absorption.

Figure 4 — T20 in both rooms with ceiling and aibdial wall absorption in room 1 only.
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In Figure 4 we see the T20 (125-4000Hz). Here agahile we can see that although both rooms are
quite similar, with no clear separation in valueishvihe ceiling absorption treatment only, when eaenpare
with the values including the influence of the walbsorption, there is a significant shortening &OT
particularly above 500Hz in the mid and high fremgies. In general, we see a flatter curve with agenalues
across (125-4000Hz) room 1 with ceiling and waBaiption: 0.55s.

Figure 5 — SPL in both rooms with ceiling and aiddial wall absorption in room 1 only.
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In Figure 5 where we can see a clear separatitirei®PL between the two rooms of over 4dB(A) despit
the T20 being very similar, we can clearly see thatsound levels are significantly lower in room Adding
the wall absorption, we don't see any significaiftecence in sound level across any of the freqienwith
only marginal but only (+-)1dB(A) over the frequé®s which is on the margin of a “just noticeablffedence”
and might not be perceived. More research and ignestire feedback would be interesting here and lalsg
term SPL measurements to see if the differencetsfie human behavioural change or not. There rbighmhore

significant differences under occupied conditionsiny the actual learning activities.

Figure 6 — C50 in both rooms with ceiling and aiddial wall absorption in room 1 only.
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In Figure 6 we see the most significant improvemerspeech Clarity (&) at 1000 and 2000 Hz with
the additional wall absorption clear separatiorarding the two rooms. Average values - Room 1 wiiting
and wall absorption: 5 values across (125-4000Hz) is 8dB(A) which is 86%emw converted to 4
(125-4000Hz).

6. Discussion and conclusion

In this paper the aim was to look beyond reverbmdnRT and discuss the impact of sound absorbing
ceilings and wall absorbers on the measured outdomearious acoustic and human qualities in srgaedlup
rooms.

When looking at only one parameter such as Revatiber Time, we have found that it is possible for
two identical rooms to have the similar values eterugh the room acoustics can be perceived qifferehtly.

The RT alone leaves us in the dark when seekirexptain the actual human user perception of room
acoustics and a difference which we believe innilej the appropriate conditions has a significamgact on the
conditions for speech communication in teaching laadhing activities.

Looking at the objective measurements of the twamiital rooms with different acoustic treatment we
are unable to see any difference in RT, howeverhesg in the rooms one can perceive a clearnifgignt
difference, listening with our own ears. By measgrthe additional relevant acoustic parameters hhve
believe have a closer correspondence to the sulgdotman qualities (& Dsoand the difference in SPL's) we
found a better indication as to why the occupaetegive the room acoustics quite differently. Wepdbund a
significant indication suggesting that there is itngr not only having the absorption on one surfaee the

ceiling only but the walls also.
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Image 4: Four additional wall absorbers in Room 1.

By having absorption on the wall in addition to #®lings, we created not only a little more absiorp
but also a more diffuse sound environment wherevere able see significant additional benefits whiokld
help future room acoustic guidance. These measuntsnmeroom 1 indicate a significant differencebioth the
sound levels or speech intelligibility over roomniich are likely to be even more significant if &pp to a
larger room of similar characteristics with a gezatolume. The difference between the “Absorptidas€ A”
and the “Absorption Class E” ceiling panels whiteowing no significant difference in RT shows a sbigvel

drop of over 5dB(A) (500-4000Hz) and a speech tglancrease of 7 dB which is over a 20% is.D

Image 5: Room 1 and Room 2. Look the same whenlooking at T20.

When the wall absorption is added we could seettieae was now no significant change in the sound

levels however the RT drops significantly and wsoah continued significant increase in the spedatfitycin

Room 1.
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Image 6: Room 1 where we are able to shine thé diglthe acoustic differences and where acoustimbiay is

achieved.

This helps explain why only Room 1 (with the sameerberation time as Room 2) seems fit for purpose
as a group activity room for speech communicatibiierthe other doesn't.

It is apparent from this and other studies thairater to have acoustic harmony it is importantaoetully
consider all three of the room acoustic qualitied descriptors to achieve; a low Reverberation Time sound
levels and high speech clarity. So to achieve raooustic comfort in group rooms, it is quite clést we need
to measure and consider all three of these parasneterder to get a true picture of how the rooith iespond
to sound and whether it will be fit for purposeédality.

Target values corresponding to optimal room acosigtir larger typical classrooms are similar ad asl

design recommendations concerning our findings thithbest acoustical treatment of group rooms.

Below is a summary of the values achieved in tiggsap rooms for RT, £/ Dsoand SPL.

Table 1: T20, @ DsoandSPL average values.

Class A ceiling 0.9s

treatment only

Ceiling and wall 0.55s 8 86% 78
treatment
Class E ceiling0.96s 1 55% 83

treatment only

Table 1 above shows the average values for thedifferent acoustic configurations in the two rooms.

These are in line with extensive values, measuretiallected by Ecophon previously in larger bugicgl
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classrooms.

Looking beyond the sole use of a single number W&,need to connect and clarify the way room
acoustics are predicted and subsequently measurediér to secure good room acoustic outcomes wdmieh
“fit for purpose” for good speech communication. dnnon-sabine, non-diffuse room with an imbalante o
absorption we can clearly see that RT alone, isanagliable measure. However, by having a moreniseld
acoustic design with sound absorption on both #iking and walls, optimal speech communicationassible
to achieve. This study gives us measured outcojugtifying the need to also consider and use strehgound
pressure levels and speech clarity, and to useswetices actively for absorption. It seems, thaking at these
room configurations that there is a triangulatiérdata - where researchers can hope to overcomedhkness
or intrinsic biases and the problems that come fsimgle method, single-observer and single-thetuglies®.

In addition, (Pattoh) cautions that it is “a common misconception that goal of triangulation is to arrive at
consistency across data sources or approacheagtinsuch inconsistencies may be likely given tative
strengths of different approaches”. In Patton'svyithese inconsistencies should not be seen asenweakthe
evidence, but should be viewed as an opportunityntmver deeper meaning in the dai&hile one separate
acoustic parameter in all cases seems unaffecked,other two remaining parameters give us valuable
information which helps touicover deeper meaning) describe the room acoustic differences (Patiom the
long term it would be good to have more evidenoenfmany rooms about how these parameters are Igctual
perceived and appreciated, for and during speeoimumication activities and how we can find bettayws/to

predict / model and measure more simply and acelyrtd secure good acoustic comfort in practice.
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