Advancing the Evaluation of Acoustic Quality in Internal Spaces for Speech and
Communication: A Study of Educational Environments / Unaprijedenje ocjene akusticke
kvalitete unutarnjih prostorija za govor 1 komunikaciju na primjeru obrazovnih ustanova

Literatura/Bibliography  Istrazivacki Problem 1 Cil; Research Problem and Research Aim =~ Pojmovnik/Glossary

Prostori za govor 1 glazbu u akustici oznacavaju razlicite
tipove prostora oblikovane prema primarnoj namjeni

COLLECTED PAPERS oo . . . Sy . . : : S 2 : : : : ka. Prost k ik
wepeafidis Prema sFud1]1 0 kve}.hte.tl unutiarn].eg (?k911sa (IEQ}, ugoda je .sub].ektn./m osjeca) Accgrdl.ng to the study f)f Inc.loor. Environmental .C@a.hty (IEQ), comfortis a e ssort ?;regrggcl’;(; 33%1;‘;1;;2;;31‘; prema
zadovoljstva na koji utjecu objektivni ¢imbenici poput toplinskih, vizualnih, subjective feeling of satisfaction influenced by objective factors such as thermal,  prostorije) projektiraju se tako da osiguraju visolu
VALLACE CLEMENT SABINE . . ) / ] ) . o o i ] i i o ] i ) razumljivost govora kroz kontrolu vremena odjeka 1
e Sabine, W.C. (1922), Collected Papers g kusti¢nih uvjeta 1 uvjeta kvalitete zraka. Istrazujuci interakciju 1izmedu visual, acoustic, and air quality conditions. Exploring the interaction between primjenu apsorpeijskih elemenata, cime se postize
on Acoustics. Cambridge: Harvar . . . . . . . . . - ) i jasno prenosenje govorne poruke, informacijska to¢nost,

_— University Press ljudi11zgradenog okolisa, ovo istrazivanje usredotocuje se na akusti¢nu people and the built environment, this research focuses on the acoustic comfort — minimalnajekaipozadinska buka.
v ugodnost u unutarnjim prostorima, koja se konvencionalno opisuje in indoor spaces, which is traditionally described by objective, measurable  fpecchand music rooms ib acoustics rebrto difiorent
objektivnim, mjerljivim parametrima poput zvucne izolacije, vremena parameters such as sound insulation, reverberation time, background e o r e Koy Peech and
T odjeka, razine pozadinske buke 1 spektra (DIN 18041, ISO 3382). Medutim, noise level, and spectrum (DIN 18041, ISO 3382). However, recent research ggfgggfggggggggrggg;lgf;gh;g;egglgggggg;ggrg;l;g;
Jecin . o . . . . . .o . . . . . . .
Auditorium Acoustics nedavna istrazivanja naglasavaju da percipirana akusti¢na kvaliteta ovisi emphasizes that perceived acoustic quality also depends on human e e
G 10 ljudskoj percepciji, akusticnom okruzenju i kontekstu (Schulte- perception, the acoustic environment and the context (Schulte-Fortkamp,  ndbackgroundnoise.

Barron, M., & Foulkes, T. | Fortkamp, 2023; ISO 12913), $to dovodi do 1dentifikacije pozitivnih atributa 2023; ISO 12913), leading to the identification of positive soundscape attributes — Prostoriza glazbu, prema DIN 18041, u ISO 338271
(1994). Auditorium Acousticsand | LT .. . . . . . . e . i nazivaju se prostori za izvodenje, te se pro]ektlra]u tako
Architectural Design fi 225 =) zvucnog krajolika koji poti¢u zadovoljstvo, produktivnost 1 oporavak that foster satisfaction, productivity, and recovery (Ajiboye, 2024). This research 2 emoguce punocu, prostornost, toplinu i jasnocu
. g . ] S . .. . ) ) . | . glazbenog zvuka, uz dulje vrijeme odjeka i kontrolirane
(Ajiboye, 2024). Ovo 1straZivanje prosiruje okvir akusti¢ke evaluacije expands the framework of acoustic evaluation by integrating psychoacoustic ~ refleksie Time se osigurava prirodan i bogat dozivljaj
. . . e . .o R R . .o . . . . glazbene1zvedbe u odnosu na za t]eve prostora Za govor.

integrirajuci psihoakusticke 1 perceptivne dimenzije u procjenu and perceptual dimensions into the assessment of spaces for speech and . . .

. . <. = . . / . Rk R . . . Music rooms, according to DIN 18041 ( performapce
prostora za govor 1 komunikaciju. Ciljani prostor1 su obrazovni prostori s communication. The targeted spaces are educational premises with volumes — {gices’ in 150 338 1, and axe designed te provide
volumenom manjim od 300 m3, poput ucionica i predavaonica. Arhitektonske below 300 m3, such as classrooms and lecture halls. Architectural features - sound, with a longer reverberation time and controlled

. L. N o L. . . ] . i reflections. This ensures a natural and rich experience of
T znacajke - geometrija, volumen, dizajn 1 materijali - okarakterizirane su geometry, volume, design and materials - are characterized by objective and T eriormange in relation 10 the requirements of
chafer, 1993.), prvo izdanje .

1977, The Soundscape; Our Sonic objektivnim 1 percipiranom akusti¢nim atributima, ¢ija se veza moze perceived acoustic attributes, the relationship of which can be described by

Environment and the Tuning of the Psihoakustika je znanstvena disciplina koja se bavi

| World: Rochester, VT: Destiny Bools opisati psithoakusti¢nim parametrima. Na temelju istrazivanja, razvit ce psychoacoustic parameters.Based on the findings, a model and new rating proucavanjem psiholoskih i fizioloskih reakelja na zvul,
. . . . . ] . N . ] ] . i oja povezuje fizicka svojstva zvucnih valova s ljudskim
se model 1 optimalni rasponi za procjenu akusticke kvalitete prostoryja za scale for assessing acoustic quality of rooms for speech and communication dozivljajem (percepcijom) zvuka.
Sixth Edition govor 1 komunikaciju, popracene metodoloskim smjernicama za primjenu u will be developed, accompanied by methodological guidelines for application Psychoacoustics isa scientific discipline that deals with
. . . . ) L . . . . . . ) . e study of psychological and physiological reactions to
Room arhitektonskom projektiranju obrazovnih ustanova, §to e stvoriti temel;j za 1n architectural design of educational facilities, forming a foundation for more =~ sound, which connects the physical properties of sound
g .. L .. . o . waves with the human experience (perception) of sound.
Acoustics sveobuhvatnije tipologije zgrada. comprehensive building typologies. Glasmoca (N) [son], je najéesée koristen parametar koji

Heinrich Kuttruff se koristi za opisivanje zvukova te moze sluziti kao mjera

) percepcije koli¢ine zvucne energije u uhu odnosno u
ljudskom mozgu. Glasnoca je medunarodno normirani
objektivni akusticki parametar.

Kuttruff H. (2017.), Room Acoustics
(Sixth Edition), Taylor & Francis Group

[zvor zvuka Loudness (N) [sone] is the most commonly used
parameter used to describe sounds and can serve as
Sound source a measure of the perception of the amount of sound

energy in the ear or in the human brain. Loudness is an
internationally standardized objective acoustic parameter.

Ostrina (S) [acum] je parametar koji sluzi kao mjera
koli¢ine visokih frekvencija u spektru nekog zvuka (u

I 7 ;’(: v‘ Long M. (2014.), Architectural Acoustics smislu da se moze reci da zvuk s veéim intenzitetom
( | (2nd Edition), Elsevier ° °y° v visokih frekvencija zvuci ostrije) te je normiran iskljucivo
7 Arhitektonska obiljezja /‘Q\ ‘ { }1  Njematko)
TR 4

v

-La rray Schater, Lru. EL'
. S | LI
mihn s | | H. James Harrington Subiekt R . la - akustick q
hulteFortkam ssneros ubjekfivna preierencija zvuka - akusticka ugoda
by Wy ) Soundscapes ] P ] °

oundscapes : Humans and Their Acoustic | 1 1 - ;
Soundscapes: I e Humans and Subjective sound preference - acoustic comfort

Environment.

o
. ) ] %0 Sh S) [ ]i ter that
arpness acum] is a parameter that serves as
T A]TChlteCtural features . 8'_5 r—od a mefsure of the amount ofP high frequencies in the
R - - Prostor Korisnik Oblik glave Vanjsko uho o o izziﬁ?viiaasﬁﬁgﬁr(ﬁttgsff; S?}tf;ﬁ gg;ﬁe];ec;asfutrlﬁz
FE Sp 1ce User Head shape Outer ear '_O‘ g\ sharper) and is standardized exclusively in Germany.
Manfred Kaltenbacher Editor '_g Fg N a ij (irubost ElR)l [asper] j elgéaurélmeia;r kl(iji mjerL percepiiju
. rze” modulacije, amplitudne ili frekvencijske, prisutne
CompUtathnéﬂ g T H O 8_4 o) u nekom zvukti Os]gt grubosti zvuka n1]]e ogg:amcen
: i p) t duli 1
ke e b /0UStic g 2% 1QO1 ‘ = 5 e ko o e
and Control Theory, 4(4), 447-491. o — @) S P * 2 1 * . g’ svojim medudjelovanjem stvaraju dojam brze promjene
je - . 5 "8 OStO] eCa I'egu atha Slusni organi - . g'_s a amplitudeili frekvencije ukupnogsignala; brza modulacija.
> m . <o -~ 1
05 S Current regulatory Hearing organs = 9 peresption of “tapid” modulation, either ampltude o
(qv] oY0) W . 9 @ frequency, present in a sound. The sensation of roughness
S ol — D fr amewo rk N 5 of sound is not limited to truly modulated sound signals,
AN e = -] Qﬁ P eSS but can also be present in sounds that are not modulated,
o0 F J:: but whose interaction creates the impression of rapid
U changes in the amplitude or frequency of the overall
Qﬁ v Y Fe signal; fast modulation.
Gulia, P, & Gupta, A., (2017).
athematics and acoustics, In
Maﬁhema;cs Applied : t(;[ Engmeering,
Elsevier Ltd., Ram M. 1 Davim J. P. (ed.) @ (] ﬂ ﬁ % ﬂ '
75 Q " nf\ﬂ I ¢z
MATHEMATICS 8.9 X 0 l] 1 Coa il I i=1s %)) \ il i it Dy )
APPLIED TO ENGINEERING g g)\ O i /é}) :
 Hugota E ﬁ Zvucnaizolacija Sound preasure level Vrijeme odjeka Razumljivost govora Glasnoc¢a Ostrina Grubost / Roughness Tonalitet Udio bo¢ne energije
: Sound insulation ~ Razina zvuka (buke) Reverberation time  Speech transmission Loudness Sharpness Ja¢ina kolebanja / Tonality Lateral fraction
M index Fluctuation strenght
) L . Wl k LE (2 N FACTS AND MODEL..S ° ° ° _ ° ° o o o _ N . .o . . . .
psyEcgpigf%tis E"‘Zczté and h}gﬁq(celfslzié : Objektivni - fizikalni parametri/ Objective - physical parameters Psihoakusti¢ki parametri/ Psychoacoustic parameters (Fastl and Zwicker, 2006)
1110). pringer berlin, rieideiberg i
et e ACOUSTIC ECOLOGY -:“53“7%“@ : ' ' ' ' 11 X P
Measurement is the first step that leads to control Subjektivni parametri- Percepcija zvucnog okolisa .
L T S T , , ° ° _ . O
7974 and eventually toimprovement. Ifyoucan’t measure Subjective parameters - Soundscape perception T C
v \ ruax, B. (ed.) (1 andbook for . . - .
ol i Xcl(l)usti ]E:col)o(gy97\§a)nc}(l)uver British g SO meth mn ou can ’t und ersta nd 1 lf ou can ’t N\ /\\ > D
. —_— Columbia: World Soundscape Project, O g J y ’ y O /] g Q
i - Ap—— Simon Fraser University, and ARC . » . al >8 D_‘
------------- : £ Pobliarion S understand it, you can’t control it. & S %
. . . Kontekst Korisnik v
’ ¢ orisni —
N Ifyou can’t control it, you can’t improve it. N o —
Mok 5, The "-'|||'-|| of ther Envviroamient Series Springer Handbook of Auditory Research m ? m ConteXt User 'D m
o &
L @
O =
)
Cy

Their Acoustic
Environment Konac¢na procjena optimalne kontekstualne akusticke kvalitete korisnika u kontekstu

Inal f optimal ] ' lity for th In th
Final assessment o optlma contextual acoustic qua lty Or the user 1n the contex
Zacharon . (54) Gor) Sensory H1 Standardi vrednovani trenutnom H?2 pozeljne karakteristike zvu¢nog okolisa H 3 akusticka kvaliteta specifitnih namjena Tonatiter () Lta) Je prihoakustickd pokazatel; ko
valuation of Sound (ISt ed.). ress. . . . v oo . oo . . e . . e . .
o\ regulativom nedovoljno odreduju zvu¢nu prostorija za govor komunikaciju se razlikuju od prostorija za govor 1 komunikaciju za posljedicu pozadinhn buky kako o se odredio njihoy doprinos
.- kvalitetu prostorija za govor / The standards prostora za 1zvodenje / desirable characteristics 1ma bolju motivaciju 1 u¢inkovitost / the acoustic glavnih metrika koje se opcenito promatraju za poboljsanje
EVALUATION . . . . . kvalitete zvqka proizvoda, zaj edpo s glasnocom, ostrinom,
! OF SOUND evaluated by the current regulation do not of the acoustic environment of speech quality of specific purpose rooms for speech and hrapavoscu i snagom fluktuacije.
- ecma sufhiciently determine the sound quality of communication rooms differ from those of communication results in better motivation and Tonality (T) [tu] is a psychoacoustic indicator that
. identifies emerging tones over background noise to
Sp@ECh rooms performance Spaces eﬁiCIQDCY determine their contribution in the perception of a
S sound. The tonality of an acoustic source is one of the
Ecma international Standard. (2022.). Paychoacoustc metric o L ] . . . . ] ] . . main metrics generally looked at to improve the sound
ECMA-418 Pychoacouste mesics for 1T s QI1Kojaje korelacija izmedu arhitektonskih -~ (2 Koji p31hoakust1ck1 deskriptori karakteriziraju ()3 Koji su optimalni rasponi psihoakusti¢kih Quaitty of  product, wogether with loudness, sharpness,
obiljeZja1 fizikalnih parametara s optimalan zvuéni okoli§ prostora za govor parametara u u¢ionicama 1 predavaonicama? Kojim fasina kolebarga (%) [vacil]jo paremetar ko o2
psithoakustickim deskriptorima? / What (obrazovnih ustanova) u odnosu na kontekst 1 arhitektonskim intervencijama se postizu poZeljni mijere promjene amplitude, odnosno razine signala
. . . . . . . . oy * . . oje se o¢ituju u kolebanju njegove glasnoce. Za razliku
1s the correlation between architectural korisnika? / What psychoacoustic descriptors psihoakusti¢ki parametri? / What are the optimal od grubosti, modulacijske se frekvencije, pri kojima je
. . . . . . . 1zrazen osjet kolebanja glasnoce, krecuod 0 do 20 Hz1u
features and physical parameters with characterize the optimal sound environment of ranges of psychoacoustic parameters in classrooms tom rasponu uho percipita amplitudnu modulaciju kao
psychoacoustic descriptors? speech spaces (educational institutions) in relation and lecture halls? What architectural interventions promjenu glasnoce; spora modulacija.
: : : Fl 1 h (F 1] 1 h
IS 1213 series to the context and the user? achieve the desired psychoacoustic parameters? mga‘;fl‘;jsuc‘;g;;j‘i}lgfhe(ar)q[jft‘jcﬂejijlgj;ifgfe;esﬂgtnjf
Acoustics — Soundscape which are reflected in fluctuationsin its loudness. Unlike
. e .o o . . . . oy e .. . o . . h th dulation f t which th
1 Usporedba postojecih prostorija (2 Istrazivanje i analiza psihoakustickih (3 Uspostava metodologije za izra¢un i evaluaciju sentation of oucness fluceuations s promounced. range
. . . oo ve . . . . £ H d in thi h
E obrazovnih namjena s danasnjim parametara koji imaju utjecaj na percepciju psihoakustickih parametara; prepoznavanje amplicade modulation a5 changs in loudriess slow
standardima 1 analiza akustic¢ke kvalitete / prostorija za govor (uc¢ionica / predavaonica) / arhitektonskih obll]ez]a prostora koja imaju utjecaj na modulation
bei Comparison of existing educational facilities ~ Research and analysis of psychoacoustic parameters ~ percipirani zvuéni okoli§ / develop a methodology for Botnaenergija (LF) -] jeakustieki parametar koji mjer
° . , . . . . . . gl]e ( Oja ao azl sa
with today’s standards and analysis of that influence the perception of speech rooms calculating and evaluating psychoacoustic parameters; = strana)uodnosunaukupnu ranu zvuénu energiju
Arvid E. D, A 1 1 . . . . ) )
it Regard 1o Mmoo Porconteon f (classrooms / lecture halls) 1dentify architectural features of spaces that have an Lateral fraction (LF) [-] is an acoustic parameter that
doktorska disertacija, Faculty of . . ] measures the amount of early lateral sound energy (that
Engineering LTH at Lund Univeﬁsit}é, ACOUSTICDESIGN WiTH 1mp act on the percelved Sound environment arrives from the sides) relative to the total early sound
R energy.
Doctorl e ® o ®
Building Bulletin 93 [N I D / C b
oprinos / Contribution
. P
Richard, D. (2015). Acoustic design o B
of schools: performance standards. . .« . . cut ° . .o . o . . E 2
Building Bulletin 03, 03(February), 3. (L1 _Procjena postojeceg stanja soundscape-a psihoakustickim parametrima u prostorijama za govor obrazovne namjene (ucionice, predavaonice) Z &
N
. . . . =
Assessment of the current state of the soundscape using psychoacoustic parameters in educational speech rooms (classrooms, lecture halls) 5
. . . . T .o . . . o . . uzitak boravka =
= C2 _Postavljanje mjera za postizanje Zeljene akusticke kvalitete prostorija za govor obrazovne namjene (ucionice, predavaonice) Lliohe B
. . . . . . ell
e Setting measures to achieve the desired acoustic quality of educational speech rooms (classrooms, lecture halls) S i
. . o v
BAUHAUS C3 _Razvoj modela za integraciju mjera u procesu projektiranja (od pocetka planiranja) 1 rekonstrukeije 80% prihvatlivo £ -2
. . . . . . . . . o) 5 ©
Developing a model for integrating measures in the design process (from the beginning of planning) and reconstruction 80 % acceptability & £
v 1° oo oy o » o v o se s ‘5 5
Loutenco, P tal. (coz4), A pracic L - C4 _Odgovor Zeljenog akusti¢nog okolisa prostora na suvremene europske politike 1 inicjjative prag boravljivosti | & ¢
guide to the New European Bauhaus . . . S t i~ : . ey g o
qdmsement methedand ool (00 (O Response of the desired acoustic environment of the space to contemporary European policies and initiatives habitability treshold | & 2

(ed), Publications Office of the European 1t v (C Psthoakusticki parametri prostorija za govor obrazovne namjene mogu posluziti kao temelj za sveobuhvatnije standarde

Union, Luxembourg

Altomonte et al.., 2020



