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Aiheita
•

Suom
en Ääniergonom
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•

IEA –
International Ergonom

icsAssociation
•

Ergonom
ian aloja

•
Ääniergonom

ian ydinalueet
•

Tulevaisuuden visioita
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•
Puheenjohtaja Elina Kankare 

•
Hallituksen jäsenet: Sofia Holm

qvist-Jäm
sén, Tarja Karttunen, Jonna Kuuskoski,

Catharina
N

ordström
, Leena Rantala, Eeva Sala ja Hanna Vertanen-G

reis
•

12.10.2011: M
e allekirjoittaneet perustam

m
e

Suom
en Ääniergonom

iaseura ry, 
FinlandsRöstergonom

isällskap
rfnim

isen yhdistyksen.
•

Perustajajäsenet: Eeva Sala, Suvi Hakala, Sofia Holm
qvist, Tarja Karttunen, Ritva 

Ketola, Anneli Laine, M
arika M

uttilainen, Leena M
. Rantala, Kaarina Ruusuvirta, 

Katja Saarela, Jaana Sellm
an, Susanna Sim

berg ja M
arketta Sihvo

•
Seuralla on nettisivut
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IEA –
International Ergonom

icsAssociation
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IEA is the federation of 
ergonom

ics societies 
around the w

orld

1.2.2019

•IEA on kansallisten ergonom
iaseurojen keskusjärjestö

•Viim
einen Kongressi oli Firenzessä 2018, 

•seuraava on  Vancouverissa 13-18.6.2021
•Kongressi proceedingsitkäsittävät 10 kirjaa, m

ikä kuvastaa kongressin 
suurta laajuutta

•Proceedingskirjassa
num

ero 10 on m
m

. vocalergonom
ics, ja auditory

ergonom
icsym

•
https://w

w
w

.iea.cc/
•

http://w
w

w
.iea.cc/w

hats/index.htm
l

•
https://w

w
w

.springer.com
/us/book/9783319960647



ERG
O

N
O

M
IAN

 ALU
EITA

●
kongressin aihealueet

I.
Healthcare Ergonom

ics 
II.

Safety and Health and Slips, Trips and 
Falls

III.
M

usculoskeletal Disorders
IV.

O
rganizational Design and 

M
anagem

ent (O
DAM

), Professional 
Affairs, Forensic

V.
Hum

an Sim
ulation and Virtual 

Environm
ents, W

ork w
ith Com

puting 
System

s (W
W

CS), Process control 
VI.

Transport Ergonom
ics and Hum

an 
Factors (TEHF), Aerospace Hum

an 
Factors and Ergonom

ics 

VII.
Ergonom

ics in Design, Design for All, 
Activity Theories for W

ork Analysis and 
Design, Affective Design 

VIII.
Ergonom

ics and Hum
an Factors in 

M
anufacturing, Agriculture, Building 

and Construction, Sustainable 
Developm

ent and M
ining 

IX.
Aging, Gender and W

ork, 
Anthropom

etry, Ergonom
ics for 

Children
and Educational

Environm
ents

X.
Auditory and Vocal Ergonom

ics, 
Visual Ergonom

ics, Psychophysiology 
in Ergonom

ics, Ergonom
ics in 

Advanced Im
aging

E. Sala Ergonom
ics 1.2.2019
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Lähes kaikkia asioita 
voi tarkastella 
ergonom

ian 
näkökulm

asta.
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ERG
O

N
O

M
IAN

 O
SA-ALU

EET O
VAT VU

O
RO

VAIKU
TU

KSESSA
●

osa-alueet tukevat ääniergonom
iaa
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Acoustic
ergonom

ics

Voice 
Ergonom

ics

Sam
a ilm

iö,
eri näkökulm

a

Kun Suom
essa puhutaan 

ergonom
iasta, 

tarkoitetaan yleensä 
tuki-ja liikuntaelin 
ergonom

iaa, koska 
m

uita ergonom
ian aloja 

tunnetaan huonosti.



ERG
O

N
O

M
IAN

 O
SA-ALU

EET O
VAT VU

O
RO

VAIKU
TU

KSESSA
●

yhteistyön terve on välttäm
ätön

Voice 
Ergonom

ics

E. Sala Ergonom
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Acoustic
Ergonom

ics

O
sa-alueet ovat päällekkäisiä



YH
TEISTYÖ

N
 VO

IM
A PIILEE N

ÄKÖ
KU

LM
ISSA

●
“kaksi näkee enem

m
än kuin yksi”
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HYVÄ TIEDO
STAA

O
m

an osaam
isalueen rajat

Taloudellisen hyödyn tavoittelu



VO
ICE ERG

O
N

O
M

ICS –
ÄÄN

IERG
O

N
O

M
IA

●
perustuu

–
tarkoittaa

–
sillä

on tavoite

•
Voice ergonom

icsisthe theoretical and fundam
ental understanding of 

hum
an voice production, speaking and speech hearing in speech 

com
m

unication environm
ents, and application of that understanding to 

the design of these interactions in the context of real settings.
•

Voice ergonom
ics m

eans to observe w
ork environm

ent from
 the 

speech com
m

unication point of view
 that m

eans speaking, voice 
production, speech hearing and speech recognition, and to reduce noise 
in order to prevent its detrim

ental cognitive effects on attention and 
m

em
ory.

•
The goal ofvoice ergonom

icsis to get w
ork environm

ent as good as 
possible for voice use and speech com

m
unication, and cognitive 

functions attention and m
em

ory.E. Sala Ergonom
ics 1.2.2019
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PerustuuTarkoittaaTavoite

Tieto ja 
ym

m
ärrys

Havainnointi ja
tunnistam

inen

Kuorm
ituksen 

vähentäm
inen



VO
CAL ERG

O
N

O
M

ICS vaiVO
ICE ERG

O
N

O
M

ICS
●

Voice ergonom
ics
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Ääniergonom
ia/Voice ergonom

ics
Fokus on 

äänessä, 
äänen tuottam

isessa
äänen kuulem

isessa, ja
ym

päristössä (akustiikassa).

IEA käyttää ilm
aisua Vocalergonom

ics
Fokus on laulam

isessa.



Ääniergonom
ian ydinalueet

●
kuorm

ittavat ääntä

1.
M

elu ja akustiikka
2.

Sisäilm
a

3.
Työskentelyasennot

4.
Toim

intakulttuuri
5.

Stressi
6.

Apuvälineiden tarve

7.
Lasten ääniergonom

ia

E. Sala Ergonom
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11
1.2.2019



A LO
ADIN

G
 or A RISK FACTO

R?
●

w
hat is the difference?

Kuorm
ittava tekijä

-A loading factor

a factor that puts dem
ands on the vocal organ, or 

speech production, or speech hearing
N

oise and poor acoustics, speaking a lot, speaking w
ith a 

high voice level, poor indoor clim
ate, poor postures and 

w
orking practices, and excess stress.

There is alw
ays loading –

but is there also over 
loading?

O
ver loading –> tissue dam

age/disease

Esim
. M

ELU
 

Terveysriski-A risk factor

a factor that m
ay increase the risk for a voice 

disorder
exposure to an environm

ental hazard that leads the 
individual to have a

greater likelihood of developing a 
disease.

A loading and a risk factor m
ay be the sam

e factor 

Risk factor

Esim
. Äänihuulikyhm

yt

12
1.2.2019
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Ä
äniergonom

ia, M
elu ja akustiikka, S

ala Eeva
13

RISKITEKIJÄ AIHEU
TTAA SAIRAU

DEN
●

m
ekaaninen rasitus, toistuva liike

Katso: S
onninen A

, et al. Folia
Phoniatr

et
Logopaed

2003;55:189-198.

Äänihuulikyhm
yt

Am
m

attitaudin kriteerit täyttyy
•

Altistusm
ekanism

i todistettu
•

Altistuksen m
äärä riittää

•
Altistus olem

assa

Terveysriski-A risk factor
a factor that m

ay increase the risk for a voice disorder
exposure to an environm

ental hazard that leads the individual to 
have a

greater likelihood of developing a disease.

A loading and a risk factor m
ay be the sam

e factor 

Risk factor -> Äänihuulikyhm
yt



LO
ADIN

G
  FACTO

RS  O
F  VO

ICE  DISO
RDERS

●
personal loading factors

Personal loading factors include 
•

the health
of the vocal organ, 

•
voice use skillsand practices, 

•
personality, 

•
lifestyle and diet, 

•
leisure

tim
e

activities, and 
•

voice dem
ands at w

ork.

Personal loading
•

Voice Hygiene

14
1.2.2019
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KO
HDERYHM

ÄT

Typical occupational voice users are
•

teachers,
•

m
ilitary trainers,

•
sport coaches,

•
clergy/priests,

•
physical-education instructors, and

•
Politicians

Typical professional voice users are
•

classical singers,
•

singers,
•

actors, and
•

cantors.

Typical active voice users are
•

telem
arketers,

•
custom

er call-center w
orkers,

•
office w

orkers,
•

product dem
onstrators,

•
law

yers,
•

nurses,
•

physicians,
•

speech therapists,
•

physio therapists, and
•

TV and radio broadcasters.

E. Sala Ergonom
ics 1.2.2019
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Sana professionalviittaa 
korkeam

paan 
am

m
atilliseen tasoon

Sana professionalviittaa 
korkeam

paan am
m

atilliseen 
tasoon kuin occupational.



SPEAKIN
G

  IN
  N

O
ISE

●
characteristics of speech

Changes acoustic–phonetic characteristics of speech
•

an increase of sound pressure level (SPL)
•

fundam
ental frequency (F0) and 

•
energy at 1–3 kHz 

•
decrease in speaking rate

•
increase in vow

el and pause durations 
•

an increase in harm
onics-to-noise ratio

•
and decreased jitter and shim

m
er

•
there is som

e differences depending on the speaker age group 

Sm
iljanica

and Gilbert 2017

•
W

ith voice problem
s: Higher speech level, higher F0, longer 

duration.
Lyberg-Åhlanderet al. 2014 

•
W

ith vocal noduls: Higher speech level, higher F0, longer 
duration.
Szabo

Portela
et al. 2017

•
Pragm

aticsof conversation and com
m

unication in 
noisy settings resem

bles that of people w
ith a 

hearing loss (M
cKellin

et al. 2007).
•

Expressions becom
e shorter (Van Sum

m
ers et al. 

1988).

•
To code positive em

otional inform
ation to the 

speech -the codes are incorrector unintentional
like interpreting a voice for exam

ple as angry. 
Som

e reference for that has been found in 
prelim

inary studies by Brännström
et al. (2015).

•
M

uuttaako pysyvästi opitun kielen luonnetta?16
1.2.2019
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LARYN
G

EAL  FIN
DIN

G
S  in  a CLIN

ICAL  SAM
PLE

●
in vocally loading professions

N
odules are predom

inant in teachers
Pereira et al. 2015

O
therclinicalstudies:

•
Ebersole

et al. J Voice 2017
•

Lu
et al. J Voice 2017

N
eed m

ore studies on
•

the association of vocal fold pathologies and 
environm

ental factors
•

to get m
ore pow

erful evidence as occupational basis 
of voice disorders

•
to fulfill legal/strict criteria of occupational voice 
disorder –

tissue dam
age

•
Exposure -> tissue dam

age

•
the effects on toxic substances in the air to the vocal 
fold m

ucous m
em

branes –
toxic laryngitis

1.2.2019
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D
ysphonic

teachers
D

ysphonic
nonteachers

N
orm

al
33.3%

26.7%

N
odules

34.4%
11.1%

LPR
14.4%

20.0%

Etc.



O
PEN

  LEARN
IN

G
  EN

VIRO
N

M
EN

TS
●

speech hearing and processing

•
N

oise levels in open learning spaces are about 
the sam

e as in enclosed learning spaces 1

•
N

oise is m
ostly speech noise

¾
Irrelevant m

eaningful speech is m
ore 

detrim
ental than non-speech noise

2

¾
and interm

ittent speech is m
ore detrim

ental 
than continuous speech 2

•
Irrelevant m

eaningful speech im
pacting on 

inform
ation processing

•
1Shield et al. N

oise and Health, 2010;12:225-234
•

2Szalm
a and Hancock. Psychological Bulletin,

2011;137(4), 682-707.

Problem
s are 

•
Intrusive noise from

 near groups
•

Speech noise: Irrelevant m
eaningful speech 

•
Visual distraction
•

Students see w
hat they do in other groups

•
It is said that they get used to it, but there no scientific 
evidence

•
Lack of privacy
•

All the tim
e som

ebody is follow
ing w

hat 
you are doing 

18
1.2.2019
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IN
DO

O
R CLIM

ATE -SISÄILM
ASTO

●
laryngeal effects

•
Indoor airis air in the building or a room

.
•

Indoor clim
ate

includes air and tem
perature in the building or a 

room
.

•
Indoor environm

entincludes air in the building or a room
 and 

tem
perature, acoustic conditions, lighting, electricity and m

agnetic 
field.

1.2.2019
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IN
DO

O
R CLIM

ATE -SISÄILM
ASTO

●
laryngeal effects

•
G

ood indoor air quality is im
portant for a 

w
ell-functioning voice.

•
Air that is too dry

or m
oistm

ay be dam
aging 

for vocal health.
•

Reasonable m
oist air preserves vocal fold m

ucous 
m

em
brane pliable to m

ake delicate w
aves.

•
Pollutantsin the air m

ay have health effects 
because of their toxicity

or hypersensitivity.

•
Draft m

ay cause m
uscle tension and thus 

affect voice production.

Poor indoor air quality increased risk for the 
occurrence of laryngitis

Rantala
et al. 2012; Rantala

et al. 2015
•

M
old em

its toxic substances 
•

Toxic laryngitis

Allergic reactions cause laryngitis  
Sala et al. 1996; Sim

berg
et al. 2009

Coughing/throat clearing involves m
echanical 

forces 
Kallvik

et al. 2017; Hess et al. 1998 

Increased use of asthm
a m

edication 
Gallivan

et al. 2007; Ihre
et al. 2004

20
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LARYN
G

EAL  FIN
DIN

G
S -LÖ

YDÖ
KSET

●
in vocally loading professions

N
eed to have m

ore studies

•
Association of vocal fold pathologies and environm

ental 
risk factors

•
To get m

ore pow
erful evidence of occupational basisof 

voice disorders

•
To fulfill strict/legal criteria of occupational voice 
disorder –

tissue dam
age

•
Exposure -> tissue dam

age
•

the effects of toxic substances in the air on vocal fold m
ucous m

em
branes –

toxic laryngitis

•
Difficulty in interpreting the findings, especially laryngitis

•
“Irritation” is a sym

ptom
 not a finding!

Sala et al. 2001Rantala et al. 2012

Laryngeal exam
inations in day care

School teachers self reported

21
1.2.2019
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Finding
Teachers

N
=262

N
urses

N
=107

O
rganic

findings
29%

7%

Laryngitis
17%

6%

N
oduls

6%
1%

Etc.

Finding
N

=39

Recurrentrhinitis
51%

Laryngitis
38%

Sinusitis
28%

Etc.

M
IKSI TU

TKIM
U

KSIA EI O
LE EN

EM
PÄÄ?

•
Tutkim

ukset ovat pääasiassa kyselytutkim
uksia

•
Kurkunpään tilan arviointi vaatii osaam

ista
•

Eettiset säännöt  rajoittavat m
inkälaisia 

tutkim
uksia voi tehdä



W
O

RKIN
G

 PO
STU

RES –
TYÖ

SKEN
TELYASEN

N
O

T
●

in vocally loading professions

•
G

ood postural alignm
ent is im

portant in 
optim

izing voice function.
•

Poor postures m
ake voice production difficult and 

increase vocal loading. 
Rantala

L, Sala E &
 Kankare

E. Logop
Phon

Vocol. 2018;70:24-36.

•
Furniture and equipm

ent determ
ine largely 

postures the speaker uses.
•

The use of certain devices m
ay trigger poor 

speaking postures.

W
orking postures that m

ay include a risk factor for an 
occupational voice disorder are:
Head
•

turned,
•

thrust forw
ard/ backw

ard/ upw
ard,

•
tilted tow

ard shoulder, or
•

poor posture, e.g. w
hen using bifocals or varifocal glasses.

Shoulders
•

bent dow
n/ hunched, or

•
raised.

Body
•

turned to side w
hile speaking.

Arm
s

•
held up/picking up heavy things.

E. Sala Ergonom
ics 1.2.2019
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W
O

RKIN
G

 PO
STU

RES –
TYÖ

SKEN
TELYASEN

N
O

T
●

teachers

1.2.2019
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Preferable good postures
Avoidable poor postures

W
hen talking to an audience using a 

docum
ent cam

era, keep the body facing the 
audience.

W
hen talking to an audience using a 

docum
ent cam

era, avoid bent and tw
isted 

postures.



W
O

RKIN
G

  PRACTICES -TO
IM

IN
TAKÄYTÄN

N
Ö

T
●

in open learning environm
ents

Before
•

Enclosed classroom
s

•
Teacher directed teaching

Kattilakoski, Raija. A school’s
operating 

culture in open learning
spaces–

An 
ethnographic

study
on m

oving
to a new

schoolbuilding. 
Jyväskylä: U

niversity
of Jyväskylä, 2018, 201 p. 

(Jyväskylä Studiesin Education, Psychology
and 

SocialResearch
ISSN

 0075-4625; 616) 

ISBN
 978-951-39-7439-8 (print) 

ISBN
 978-951-39-7440-4 (PDF) 

Today
•

O
pen learning environm

ents 
W

e do not know
•

Job description of teachers?
•

Several student groups and several teachers in the sam
e space

•
W

hat are the voice ergonom
ic loading factors in open 

learning environm
ents?

•
How

 are speaking practices?
•

Speaking to individuals, sm
all groups, w

hole group
9

W
e need to m

onitor speech, hearing and noise during 
w

ork
•

How
 are speaking postures?

•
Stress?

24
1.2.2019
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STRESS -STRESSI

•
A contributing factor for a voice disorder 

•
A contributing factor in a specific voice disorder

•
M

TD (m
uscle tension dysphonia)

M
ekanism

it:
9

Increased m
uscle tension

9
A reduction of secretion or a m

ore viscous secretion 

E. Sala Ergonom
ics 1.2.2019
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AIDS -APU
VÄLIN

EET

Benefits on teachers’ voice
•

Easier to speak
•

Decreased need to repeat instructions
•

Voice lasts a longer tim
e

•
Less voice tiring

•
Less voice sym

ptom
s

•
Better voice quality

•
Voice sym

ptom
s decrease in subjects 

w
ith a voice disorder

•
Recovery from

 a voice disorder easier

Benefits on students
Better 
•

Speech perception
•

Concentration
•

Attention
•

Reading skills
•

Language skills
•

M
athem

atical skills
•

Learning results

E. Sala Ergonom
ics 1.2.2019
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Sala E. Sound Am
plifiers Supporting Speech Com

m
unication

s. 106-115 in Eeva
Sala and Leena Rantala

eds. Voice 
Ergonom

ics: O
ccupational and Professional Voice Care. Cam

bridge Scholars Publishing 2019

•
Äänenvahvistim

ista m
onta hyötyä

•
Valikoiva käyttö on suositeltavaa

•
Voi hyvin yhdistää opetusteknologiaan



VO
ICE ERG

O
N

O
M

ICS FO
R CH

ILDREN
 –

LASTEN
 ÄÄN

IERG
O

N
O

M
IA

●
The focus is on voice, hearing and speech perception

Anatom
ically children are not just scaled dow

n versions 
of adults

Physiology of children’s voice production seem
s to be at 

least as loading as that of adult

RISK FACTO
RS ARE:

•
N

oise
•

Indoor air problem
 due to m

oisture dam
age

•
Allergies, asthm

a, frequent respiratory tract infections 
and cough

•
“Significant correlation betw

een the degree of indoor 
air problem

 due to m
oisture dam

age and the frequency 
of hoarseness.” (Kallvik

et al. 2016). 

•
“The m

echanical traum
a to the vocal fold m

ucous 
m

em
brane caused by frequent coughing can lead to a 

hoarse voice.” (Kallvik
et al. 2017; 2018)

E. Sala Ergonom
ics1.2.2019
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Prevalence of voice disorders is high (10-15 %
) 

•
Dysphonic children are aw

are of their voice problem
.

•
Children w

ith a dysfunctional voice are judged m
ore 

negatively by teachers com
pared to non-hoarse children

Prevention of adverse effects of noise: 

•
Start to raise aw

areness in the general public and teachers in 
preschools and schools about this problem

.

•
In teacher’s education: aw

areness of the problem
 and, 

consequently, have an im
pact on activities and pedagogy in 

preschools and schools.

•
Planners’ aw

areness and …



VO
ICE ERG

O
N

O
M

ICS FO
R CH

ILDREN
–

LASTEN
 ÄÄN

IERG
O

N
O

M
IA

●
The focus is on children’s voices, speech perception, cognition

THERE ARE SEVERAL VU
LN

ERABLE G
RO

U
PS:

•
Young children (<15 years old)

•
Teaching language is a nonnative language

•
Bilingual

•
Central auditory processing deficits

•
Learning disabilities | difficulties

•
Phonological problem

s
•

Articulation disorders
•

Dyslexia or other reading disabilities
•

Language disorders
•

Developm
ental delays

•
Attention deficits

•
Low

 w
orking m

em
ory capacity

•
Children w

ith fluctuating conductive hearing loss 
•

Children w
ith otitis m

edia
•

M
ild/m

oderate sensorineural hearing loss
•

U
nilateral hearing loss

M
odified according to Crandellet al. (2005)

1.2.2019
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Ryhm
ässä yksi tai 

useam
pia lapsia, 

jopa yli puolet

N
O

ISE

•
Children are exposed to higher noise levels than adults.

•
Children are m

ore im
paired than adults by unfavorable 

listening conditions such as reverberation and noise.

•
Children perceive and are annoyed by noise.

Voice ergonom
ics is tangent to attention, m

em
ory, and 

learning. 

Adverse noise effect include also: attention, language 
learning, reading com

prehension, m
athem

atical perform
ance, 

m
em

ory, and increased stress.



M
ILTÄ TU

LEVAISU
U

S N
ÄYTTÄÄ?

●
Yksityisiä pohdintoja

•
M

aailm
a m

uuttuu kiihtyvällä vauhdilla
•

Viestintätavat m
uuttuvat

•
Puheviestintä ei katoa, voi jopa lisääntyä

•
Esim

. koneiden ja laitteiden ohjaam
inen puheella, robottien puhe, …

•
Viestintäym

päristöt m
uuttuvat

•
Tiedon käyttö vähenee, tunteiden lisääntyy

•
Tekoälyn sovellusm

ahdollisuudet rajattom
ia

•
Taloudellinen voitto/asiantuntem

us kam
ppailee

•
Ergonom

ian on hyvä olla kehityksen etulinjassa m
ukana

•
M

iten se tehdään?
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ERG
O

N
O

M
IAN

 O
SA-ALU

EET O
VAT VU

O
RO

VAIKU
TU

KSESSA
●

O
sa-alueiden rajat ovat liukuvia

Voice 
Ergonom

ics

E. Sala Ergonom
ics 1.2.2019
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https://w
w

w
.cam

bridgescholars.com
/

Ilm
estyy keväällä 2019

https://play.google.com
/store/search?q=Voice%

20Ergonom
ics%

3A%
20O

ccupational%
20and%

20Professional%
20Voice%

20Care&
c=books&

authuser



Thank you!
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