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Objectives

1. Providing a definition of acoustic PECS

Describing technologies in the literature aligning with the concept of Acoustic PECS

3. Deriving the impact of Acoustic PECS on building occupants” psychological, cognitive
and physiological state

4. Highlighting current technological limitations

N
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Methodology

1. Collegial discussions within the activities of Annex 87
that have led to the definition of acoustic PECS.

2. Systematic literature review, identifying technological
solutions that align with the definition of acoustic PECS
and their impacts on building occupants.
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Definition of Acoustic PECS...

1. the ability for the occupant to control the
acoustic environment ,)

\

“a system that can provide individually controlled acoustic environments in the immediate
surroundings of an occupant, without affecting directly the entire space and other occupants’

environment” /R
2. modifications to the environmental conditions

(“) are localized, meaning they occur within the
r ; immediate vicinity of the occupant, thus

avoiding impacts on adjacent occupants.
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...as part of a broader definition

Definition developed within Annex 87:

“A Personalized Environmental Control System (PECS) is a system that can provide individually
controlled thermal, air quality, acoustic or luminous environments in the immediate surroundings
of an occupant, without affecting directly the entire space and other occupants’ environment”

Perino, M., Bilardo, M., & Fabrizio, E. (2024). A framework for assessing the energy performance of Personalised Environmental Control Systems (PECS) for heating, cooling and
ventilation. Building and Environment, 111925.
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Systematic literature review

Eletronic database searches:

Inclusion criteria Scopus (n = 865), PubMed (n = 558),
APA PsycNet (n = 205), Web =)  Records after duplicates removed
Of Science (n = 132) (n=533)
1. Field or laboratory studies (n=2293)
investigating the impact of systems
i Title/abstracts screened Excluded
that gr?able Iocallco.ntrol of acoustic i P i — S
conditions by building occupants;
l Full-text articles excluded
2. Studies with settings, systems, or I ot relovant tothe oftice
: % Full-text articles assessed for environment (Medical, Occupational
outcomes a pphca ble to the use of ; elegibility s  heaith and learning contexts) (n = 29)
these systems in office (0=112) 8 el iiln il
. . - Revi =
environments, which are the target s el

context for Annex 87 activities

Studies included in review
(n =38 articles)

Included

Torresin, S., De Souza, L. P, Dicle, S. Y., Al-Assaad, D., Aletta, F., Balderrama, A., ... & Wu, Z. (2025). Definition and performance of acoustic personalised environmental control systems (acoustic
PECS): A systematic review. Building and Environment, 282, 113243.
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Acoustic PECS typologies

systems installed in the environment and those that are applied
directly on the person themselves (i.e., wearables)

Building-attached
Furniturge-integrate/d Wearables

Passive

Active

/K passivity implies that the system does not contain electronic
components for modifying the acoustic field, but only physical
structures that disrupt sound waves through phenomena of
soundproofing and sound absorption
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Acoustic PECS typologies

reguawmrs T
a) closed b open

Building-attached
Furnitu rge-integrate/d Wearables

Passive sound absorbing/insulating devices

Passive .
= Metamaterial lens

Active

Zhang, D., Tenpierik, M., & Bluyssen, P. M. (2021). A child-centred experiment to test an individually controlled noise-reducing device. Applied Acoustics, 184, 108373.
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Acoustic PECS typologies

Building-attached/

Furniture-integrated Wearables
Passive = Earplugs/Earmuffs
Active
https://www.loopearplugs.com/
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Acoustic PECS typologies

ancboand controls. sterco
jack iupur

Building-attached/

Furniture-integrated Wearables

Passive

= Active sound zoning systems

Chairs with integrated loudspeakers
= Active noise barriers
= Sound masking systems

Active

Television

Visualisation

Soundbar

Cabinet

Sujbert, L., & Szarvas, A. (2018). Noise-canceling office chair with multiple reference microphones. Applied Sciences, 8(9), 1702.
Jacobsen, R. M., Fangel Skovy, K., Johansen, S. S., Skov, M. B., & Kjeldskov, J. (2023, April). Living with sound zones: A long-term field study of dynamic sound zones in a domestic context. In
Proceedings of the 2023 CHI Conference on Human Factors in Computing Systems (pp. 1-14).
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Acoustic PECS typologies

Building-attached/

Furniture-integrated Wearables
Passive
Active = Headphones with/without noise cancelling
https://www.sony.com/en/
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Acoustic PECS typologies
Building-attached
Furniturge-integrate/d Wearables
= Passive sound absorbing/insulating devices = Earplugs/Earmuffs
Passive Metamaterial lens
20/ ! 60 m
= Active sound zoning systems = Headphones/earphones/earbuds with/without
= Chairs with integrated loudspeakers noise cancelling
= Active noise barriers
Active = Sound masking systems 9

. 3
o0 eofo & goew

Torresin, S., De Souza, L. P., Dicle, S. Y., Al-Assaad, D., Aletta, F., Balderrama, A., ... & Wu, Z. (2025). Definition and performance of acoustic personalised environmental control systems (acoustic
PECS): A systematic review. Building and Environment, 282, 113243.
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Acoustic PECS typologies in the literature

2.6%
Active noise barrier
2.6%

Metamaterial lens
5.3%

Chair integrated +———
with loudspeakers

2.6%
Movable sound-absorbing devices

39.5%
Headphones
9 times HP + Masking
7 times HP
6times HP + ANC
3times HP + ANC + Masking

13.2%
Active sound
zoning systems

13.2%
Sound masking
systems

23.7%
Earmuffs and/or earplugs

8 times earmuffs

6 times earplug

2 times combination of earplugs and earmuffs
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Deriving evidence on acoustic PECS impacts: ideal scenario
BASELINE EXPOSURE CONDITIONS
With PECS
e ” (e
(O) XL (el
Background: Background (same as baseline):
iet Quiet
Speech Speech
Office noise Office noise
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Deriving evidence on acoustic PECS impacts: actual scenario

BASELINE EXPOSURE CONDITIONS
Quiet Reference With PECS
v
|9}
a
5 (O3]
£ ()
S
dded sound: h
Hosniod e et eh «
) (o)
Background (same as baseline):
w Quiet
H ech
Offic i
E w @ ice noise
=
No added sounds Speech through the PECS
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Occupants’ subjective responses to PECS use

Affective response —
Perceived loudness/noise.
abatement I

DI TRENTO

—
—1
R

Comfort
Disturbance.
Relaxation/stress reduction
Masking preference
Ovenall satisfaction

18/09/26

Torresin, S., De Souza, L. P, Dicle, S. Y., Al-Assaad, D., Aletta, F., Balderrama, A., ... & Wu, Z. (2025). Definition and performance of acoustic personalised environmental control systems (acoustic
PECS): A systematic review. Building and Environment, 282, 113243.
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AFFECTIVE
RESPONSE

~ 0 sz

7 0 &g ¢

Y & 53 §

Es ¥s 5% 3

& 32 &< &

a - annoyance
b - relaxation/stress reduction
c - comfort

d - disturbance

e - overall satisfaction

f - masking preference

Number of studies
observing a positive
effecton people

Number of studies
observing a
negative effect on
people

(with PECS)

PERCEIVED WORK/
STUDY PERFORMANCE

b - perceived work load
¢ - concentration
d - distraction
e - workplace satisfaction
f- turnover intention
g- job satisfaction

@

@ ¢a g

g g

9 13 5

za sa 5
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a - perceived work/study performarjce

SLEEP QUALITY
—~ 7 s @
@ Y enm ey
8 & 89 s®
Ba 85 3¢ 55
38 3% g8 2%
@
4
&
&
£
z
H earmuff
EHe
[ HP + ANC

B HP + Masking
[ HP + ANC + Masking

Active sound zoning

system

[l Active nolise barrier

[ Chair with integrated
loudspeakers

M Earplug

[ Passive sound absorbing

[45]d - /insulating devices

Number of studies f10jc4 foi

rving no [38]s [14lg

significant effecton [38]a
people

t Positive tox teoms tox torw tos 1 100%
@ Notsignificant 0% 024% °0% o23% 0% 0%
‘ Negative ‘ 100% * 9% ' 100% l 0% ‘0% l 0%
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Affective response, perceived work/study performance, and sleep quality
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Perceived loudness, communication and privacy, and PECS usage

PERCEIVED LOUDNESS/ COMMUNICATION PECS USAGE
NOISE ABATEMENT /PRIVACY a-easetouse
b - willingness to use
- ¢ - control
a- percelved loudness ian(eFl’I?rncb:I’:lt;?;?ve::h d - quality of listening experience
B "“"“;‘3 protection b - user Incecaction. @ - ergonomics
= 500N eﬂ)osure s c-communication | f-frequencyofuse
=~ 3 g 37 =~ 9 g 8 = T~ g
g © 2@ Ex g & 2F Eg [ R
Lo .0 S ga Lo .0 g% ga Lo, aoE g&
88 9L 60 5C L8 eL §0 §6C Lo 95 ga < Earmuff
S0 5% $9 $& So SE g9 ©% Sos5Efs L= B earmu
&E 02 & &2 &L &2 2L &3 | 0LoZ&s &2 mHe
[l HP + ANC
Number of studies ] ::: : r:zkinzaskmg
observinga
positive off.ctin [l Sound masking system
people = :ycsn‘:emsound zoning
Niiiker of studias [l Active noise barrier
observinga [IJ Chair with integrated
negativeeffecton 7] gf;fs ge akers
people [[ Passive sound absorbing
finsulating devices
Number of studies [24]c
observing no (241
significant effect 10l
on people
t positive tow t80% to% t73% tow | t100%
®Not significant 0% ®0% 0% ®©27% ®0% *0%
|} Negative }0% }20% 0% $0% }0% 0%
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Physiological response, cognitive performance and speech perception
PHYSIOLOGICAL COGNITIVE SPEECH
RESPONSE PERFORMANCE PERCEPTION
Focus Short-term S|
level memory intelligibility
@ = w -~
HP - b g B g
F & = =
[ HP + ANC a2 8 < s o & = >0 &%
[l HP + Masking il & 3 g & g 3 g a g H
[l HP + ANC + Masking - 28 S £ g% @ SE£9ye
[l Soundmaskingsystem £ = g § £ 2 5 5 £32¢§¢
[ Active noise barrier g 2538 g & g 3 2833
3 = =3 3 ] ‘e S 3 % ‘%
Number of studies G 98 e o o & & Goce
observinga o«
positive effecton
.[22]
P.°PI' ;43]_. (21 [20]
Number of studies
observinga
negativeeffecton
people
Number of studies & 2
observing no ol :: Hoe
significant effect
on people
1 Positive t100% [tow | tosw t46% tos | t75%
@ Not significant 0% 0% ®14% ®15% 0% | @25%
|} Negative }0% }0% }86% }39% $0% | J0%
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Limitations of current Acoustic PECS

Passive canopies: unattractive appearance and noise from
opening/closing mechanisms

Earplugs and earmuffs: comfort and effectiveness strongly depend on
fit, ear size, training, and adaptation; custom solutions remain costly
Sound masking systems: performance depends on loudspeaker
placement and listener distance and may interfere with communication
Metamaterial lenses: limited size and bandwidth currently constrain
consumer audio applications

Wearable and furniture-integrated masking: uncertainty remains
regarding the most suitable signals for concentration and well-being
Ear-covering devices: may hinder communication, collaboration,
situational awareness, and access to warnings or alarms

Active sound zoning: a promising alternative to headphones, but

currently limited by insufficient sound separation and leakage between
zones

#% UNIVERSITA
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Limitations in the derived evidence

» The evidence base includes only 38 studies,
with few studies available for each technology.

» High methodological heterogeneity prevented
guantitative synthesis and meta-analysis.

> Baseline conditions and acoustic metrics
varied considerably across studies.

» Most experiments imposed fixed settings
instead of allowing genuine personal control.
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1SO
Acoustic PECS

=l €D

Future research

» Establish standardised baselines, acoustic reporting methods and ﬁ)))\
outcome measures. Q'@“—’ _)_ el

» Test Acoustic PECS under real-world conditions with users controlling the Wakii)
systems. T’:’ =

» Evaluate effects on nearby occupants and verify that acoustic
improvements remain localised.

» Examine broader affective, cognitive and physiological outcomes beyond
annoyance, short-term memory and EEG-derived focus.

» Develop comfortable systems with wider frequency coverage, stronger
sound separation and adaptive personalised control.

» Investigate Al-based source recognition and real-time adaptation to user
preferences.

» Quantify energy implications and integrate acoustic control with
thermal, visual and indoor air quality PECS.

: - UNIVERSITA 18/09/26  Simone Torresin, Acoustic PECS 22

22



23

NIVERSITA

Department of
[ TRENTO civil, Environmental and Mechanical Engineering

Thank you for your attention!

Simone Torresin

simone.torresin@unitn.it
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