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ABSTRACT: The present study was conducted as a pilot investigation to suggest the standards of acoustic
performance for classrooms suitable for incomplete hearing people such as children under 9 years of age.
Subjective evaluations such as questionnaire and speech intelligibility test were conducted to 264 students at two
elementary schools in Cheong-ju in order to analyze the characteristics of the listening environment in the
classrooms of the lower grades in elementary school. The survey was undertaken with a total of 264 students at
two elementary schools in Cheong-ju, and investigated their satisfaction with the classroom listening
environment. As a result, students responded that the most helpful information type for understanding class
content is the voice of teacher. In addition, the volume of the current teacher's voice is normal, and the level of
clarity is highly satisfactory. As for the acoustic performance of the classroom, the opinion that the noise was
normal and the reverberation was very short was found to be dominant in overall satisfaction with the listening
environment. Meanwhile, as a result of speech intelligibility test using the word list selected for the lower grade
students of elementary school, it could be inferred that the longitudinal axis distance from the sound source in the
case of 8-year-olds is a factor that affects speech recognition.
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Table 1. The acoustic performance standards of the
classroom in USA (unoccupied).

Learning space Bac.kground RT
noise level

Learning space 35dB(A)/ 06s

(Volume <283 m’) 55 dB (C) :
Learning space 35dB(A)/ 07s

(283 m* < Volume < 566 m’) 55dB(C) ’
Learning space (566 m® < Volume)| 40 dB (A) / No

and all ancillary learning space | 60 dB (C) |requirement

Table 2, The acoustic performance standards of the
classroom in UK (unoccupied).
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Table 3. The acoustic performance standards of the

Classificationof | Background RT | RASTI classroom in Korea (unoccupied).
classroom noise level
Elementary school 35dB (A) 0.6s - Volume of | Background

Middle school
Open-plan classroom

35dB(A) | 08s -
40dB(A) | 08s | 0.60

Target age RT

classroom noise level

above 12 | below 220 m® | below 35 dBA | below 0.8 s

The Journal of the Acoustical Society of Korea Vol.40, No.3 (2021)
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Table 4. General information of the subject class—
rooms in each school.

Classification A school B school
Construction year 1999 1984
(Remodeling year) (2019) (2012)
Construction type | Prize competition | Standard design
Number of class 35 36
Number of student 894 919
Number of teacher 57 58
Length (m) 7.5 7.0
Dimen-| Width (m) 9.0 8.7
Siofn Height (m) 2.6 2.8
o
class- | Floor area (m?) 67.5 60.9
room | Volume (m®) 175.5 170.5
Ratio (L:W) 1:1.20 1:1.24
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(a) A school (b) B school
Fig. 1. The plan of the subject classroom.
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Fig. 2. Average dimension of classroom in Cheongju.,

Table 5. Finishing materials of the classrooms in
each school.

Location A school B school
Floor Linoleum Linoleum
Wall Painted on concrete | Painted on concrete
Window PVC frame, glass PVC frame, glass
Door Wood Wood
Ceiling Perforated panel Mineral tex board
Desk, Cabinet Particle board Particle board
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Table 6. Measured acoustical performance data of AR o, opx]uk o 2 = w Al o] A F 375 of
classrooms in each school (unoccupied). SRS ARSI S PAR- T A}é}ﬂ _?_43]1 *114] PR
Classification A school B school Z(_]—ﬁot%]-oﬂ r,Hz}_]— ‘Q—Ag% _c_q gl_]— o}
Background noise 35.5dB (A) 26.4 dB (A) 5_']_;\2;]%01 %‘ﬁ\_ %l—_]:%l]-% ?_]le]_xl E?ﬁ% Zﬂ.‘li o}
*
Lo 047 01 okl 12 2419 thifol e AZSetme] M8 &
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OlHEE TRl A S RI R AP FUT oo e
= = - o/ = T o%I M
o SHE 4= Y= Sl HE B SHY H SAHRE Byl sARR} S0 2 HE b
= O O [e] T = = O [e}
sh g 9l8) et 41 ks sk . ‘
P S 0 0 2 AL f’h;‘w o (TEZIE ol S ERef ot e gl et
i — o = 5 &AL = =) -
ST e e e & I HREL B AP S S U
78, B8t ulof| A 12475 o] ZFoq 5kl o -3 Ao . - L s molell
vl et Qllsh 9leAlE Brhehs el
A2 217} 84| 2} 74| 2 258k 281 7} 151 o]
T oo 2 AR ek SekAtel e AAIet 4
L= Table 70]) A]A & 753 A )5k Table 7. General information of questionnaire survey,
AR FA| A7HA] B A 2=k 2 H Subject facility A school B school
A2 SIS0 oA, ZH, G4 F 5 Y82 o] Female > 6
- . Male 81 59
asHzt ot M 71 B 9T F i H R A o o =
3 orolH 112} lYITh = Bigal S uE
tfsf] ot iz} skoct F AR = SAAPEE Average age (grade) 8(2) 7(1)
Adshe A 2 Fae]of tieh vhste g ehoti Survey period  [2020. 06. 16. ~ 30.|2020. 07. 07. ~21.
Table 8. Contents of questions and evaluation scales,
Evaluation scale i
No. Question Suﬁjeclt
1 2 3 4 5 schoo
What format of information is most helpful in . .
! understanding the content of the class? Voice Text Video | No response ) AB
2 | What is the volume of the teacher's voice? Very loud Loud Normal Small Very small | A, B
3 |Can you hear the teacher's explanation clearly? Very good Good Fair Bad Verybad | A,B
4 |How is the noise in the classroom during the class? | Very quiet Quiet Fair Loud Very loud | A,B
5 |Does the voice reverberate in the classroom? Very dry Dry Normal Live Very live B
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Table 9. Sample list of the speech intelligibility test for adults with normal hearing.

S| A ||| | S| E| (B | o152 | A | FiaketoR A A] | 22oiz] | Rie] | Q)| g
Ale Ao || (e geter | ame | son [gas]|Qaise | soton g4 @u a5
A || B A5 | = E || | A add | olRE | ok |AfA| A AR | ofj o | HiE
slalelaz[7]z]2]5 =] [Fuy|a0z]delct]| A [clors|aga] satt [55slolsx]adn
2[4 zla] w2 a]a ][] [ Ade g sme | 2ea] Aeu | e el #ehe] s
(a) Syllable test (CVC) list (b) Word test (PBW) list

tf dREA 0 2 gl SAAERE B/ B2 H dolmg o do| g 24517 flste] A A
= & H(Consonant Vowel Consonant, CVC)1} i o WEIAL 7| 22 o]8]L, Yy, 42, BE7F50
(Phonetically Balanced Words, PBW)3} -2~ Thoj = B2 RS o] PA i dol=E vl o R
= ARERITE o7 A SA ol Fougt TS5 A= gt 55 Qlof| = olert L EA EulEEE o
o] FojXl Tol 24 A4 ol 0] HEE o] F L 0|9 FFE EHlfskith
e o2 o] FojA Qlom crojyo uhgA) Z5 ok 25hd eHAY 9] 739 - 2T 157H, o]
WS = Gl BE S d4fo] 124 H2E 3 =+ 29 1070 & 23kl Q= URF dro] T (normal
A o]4fo] oJu] 5 7HH ol E& o] Foj A Qlrt P difficulty) 9] Thol 555 o] &3l B7H& %13Y5}3lch

3R A% 1] - A F e ol et H ekt Bt Jefuh 258kl 1314 0] 7 -9- 281 of vl o] 3
£ flote] SR TholHE B p3shs Zlo] 9 gholA7] Felo] B Wk A Aokl dut
dutHoln, HE TolHE-2 IA|Eof 507 9] Thof ol = Qo= 4.8 Jut 157), vk gt 107 & L
2= o] glom 179 Tol & S F] whol & 4 FI2 Trol e (easy difficulty) o] Tl R-5-5 57}
7] 913 A7 Al7ko] Alg-E T Table 9= 4J?1 A% B Al A E B o] -85t aith whebA 28hd
e fl8l E SRR B7HE Holes 5 0] 73 b ol &, 131 SHAY O] -9 4] ol =
A 9 o] O] oA & HofF=al Q) of| Al = B0l 80 o= EET ¢ AT A

Z5oh Aehd sy o] - Ad]lell vlsf sh5H skt 25t Aehd sH S i SAAB R E
o] o] FF7H - AR o] ] /Aol A ARE-E B7te] AR ©oli559 o Al= Th3 Table 109]]
A o= ol 59 HlEo] ol 255t Ashd sy e uhe} 2
o Al= ZetstA] ofrt. 5 9A| gt ofF-0] 749 X = SERE F7EE2 14| B 25719 Thof
F= A 4 = ARt A A o = o9 Fhol 4] 2 =] lom Fri ol eAE FARIE A
I} 58 42 HolnES FUlsh= A B3 old Aol EFoUh BE S-S T oA ofLf-2-A]
P E3) A 717 A3 ik ehgel g mat of o] =] gl o o] & 33 5 A SAdE =
oA AbZ= et At FA Q] HolrF o= Ht = B7ol| AME-SFAITE S/ B B T A E A}
7t B7 s 8tk oYk oS ot Z5ekal A =BS5S WY 24 Ao o= 5Hlnh
S S 9Bt 2 S UESES 5

o] & 93l & Aol A= F A WASIS At Table 10, Sample list of the speech intelligibility test
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shAlo] o 92 & A ROk
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oX

for children under 9 years of age with normal
hearing.

g E IR (F|A|AN|E|F|2|F
| |IF B | =2l |d|F]|7
Als| & |4 | & I I ) R B B~ ¢
Bl S | 8| dlE e | A=
g5 | A | A | ol AR | H | & &
(a) normal difficulty (b) easy difficulty



2 B7L ol G4 255 A5 WA B 24} 207

Aol S A e TR
Lol whet 71 =27)7F gepA] = guks
o oF2 dB(A) TaEth 53] 3/ 9]
7191 & sh= k4t &1 1 500 Hz9)
of] 1] 180° BRI WALL] F-Zrof| A 5
9dB g = 2HA &/ o] Y3t A2 T
OB AR oS FE A 252 Aol
< 1A= 4 kHz o)/42] 739 e vlal FHo|
o] /g Ho] ¢F 20 dB A= WropA|m o] A2 WA}
7S EA 5 E3S W Aol ¢35 524
125 ojulgct ™ o] gjat 34 Hge &
to] 2 A-toll M= S RE 7S
Foll o] 2|3 A AE AFSFTE &
Al = A WAL U QIR 5 7|0 & L
o] upchof| 1.5 m 20| & A x| 5F3i Tt
HAE 5ol 89 dolE 2

iy
o
) Il-m
(%)
S
[e}
)

=

o o 1
ox o o
£
E o nd
R

o

W
o
oo 18 10 rE ot &2

ol

J

ey
;:O

W,
o

X e te lo
1%
ool

)

=
4T
olN
o2
1

o)
_|>i
fr
[

> E oo ox §2
>

=l
o ﬂllﬂ e

1% v rlo

X
2

ol
-
it
Lo
1

S

S
o8 A1) 740} WAL 9A] vk of
9 QFEE wefs) 2 HYEThe 4
dBz 2 Yhrh ey
o] QF4-2e W& 712 35.5 dB(A)2} 26.4
dB(A)= RS- 74 &3¢ Aol 4 21 gk
2z 5elnd S RE W73 uAe) A Y

1 =
AL, B7F LA 52 A8 Ham thS Table 11 3£
S

lo e o

o flo ol mo off
ot

N
N
>
El
>

715k who} 2}
SR B A S el o]
4o gz 94 mlbe] ok Lo M AZE S
o] 79281, B2 55t o] -9 13 S iAo
&
> 20
E 0.0
g mo e
E 50,0
40,0 1
B a0 ;
£ 0 :
] Er— e
2 10,0 0
o 0.0 7
-\“& &
& \u@?
45
-« Question

(a) A school

Table 11. General information of speech intelligibility

test.
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Fig. 3. Results of questionnaire survey in each school.
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Table 13. Results of questionnaire for voice of the teacher and condition of the classroom during the class.
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(c) Noise in the classroom
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