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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The prog¢edures used to develop this document and those intended for its further maintenance afe
describefl in the I[SO/IEC Directives, Part 1. In particular, the different approval criteria neededfor the
different| types of ISO documents should be noted. This document was drafted in accordance, with the
editoriallrules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may e the subject pf
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details pf
any patept rights identified during the development of the document will be in the_Introduction and/¢r
on the ISP list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does npt
constitute an endorsement.

For an ¢xplanation of the voluntary nature of standards, the-mganing of ISO specific terms arnd
expressipns related to conformity assessment, as well as infermation about ISO's adherence to the
World Trjade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/
iso/foreword.html.

This dochment was prepared by Technical Committee {SO/TC 43, Acoustics, Subcommittee SC 1, Noise
Alist of 1l parts in the ISO 12913 series can be found on the ISO website.

Any feedpack or questions on this document should be directed to the user’s national standards body.|A
completg listing of these bodies can be found-at www.iso.org/members.html.
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Introduction

The ISO 12913 series on soundscape was developed in order to enable a broad international consensus
and to provide a foundation for communication across disciplines and professions with an interest
in soundscape. ISO 12913-1 provides the definition of and a conceptual framework for the term
‘soundscape’. ISO/TS 12913-2 provides requirements and supporting information on data collection and
reporting for soundscape studies, investigations and applications. This document provides guidance on
how to analyse data collected in agreement with ISO/TS 12913-2.
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TECHNICAL SPECIFICATION ISO/TS 12913-3:2019(E)

Acoustics — Soundscape —

Part 3:
Data analysis

[y

Scope

This document provides requirements and supporting information on analysis of data:cellected in-situ
through methods as specified in ISO/TS 12913-2.

2| Normative references
T

he following documents are referred to in the text in such a way that'some or all of theif content
constitutes requirements of this document. For dated references, only the edition cited applies. For
uhdated references, the latest edition of the referenced document: (including any amendments) applies.

et

40 12913-1, Acoustics — Soundscape — Part 1: Definition and<onceptual framework

[

40/TS 12913-2:2018, Acoustics — Soundscape — Part 2: Ddta collection and reporting requirenjents

3| Terms and definitions

]

br the purposes of this document, the terms,and definitions given in ISO 12913-1 and ISO/TS|12913-2
nd the following apply.

5]

et
L.

40 and IEC maintain terminological databases for use in standardization at the following addfesses:

— SO Online browsing platforni: available at https://www.iso.org/obp

— IEC Electropedia: availableat http://www.electropedia.org/

31
confounder
dctor influencing the'tollected responses that is not controlled or systematically considered

-

EXAMPLE Séequential effect, certain scaling effects like the range effect, or demand characteristicy.

4 General

Ak mentioned in the Introduction of ISO/TS 12913-2:2018, “The concept of soundscape was aq
DpFevide-a-hotistic-approachto-the-aeoustic-eRviFeHHen —beyond-neise—and-its-effect-on-thequality of life.
Soundscape investigations intend to assess all sounds perceived in an environment in all its complexity.
To do this, soundscape studies use a variety of data collection methods related to human perception, the
acoustic environment and the context. Importantly, the study of soundscape relies primarily upon human
perception, and only then turns to physical measurement.” Data collection is based on this focus and
requires a respective analysis (see References [1],[2]).

For the analysis of qualitative and quantitative data through methods specified in ISO/TS 12913-2,
methods and tools shall be applied as provided in this document. Given the diversity of the data collected
(qualitative and quantitative), corresponding analysis methods could take precedence depending on
the needs of the project or the research question, and should be integrated for a holistic understanding
of the soundscape. In general, descriptive statistics are used to describe and summarize the collected
perceptual data, such as measures of central tendency, measures of dispersion (see Reference [3]).

© IS0 2019 - All rights reserved 1
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For quantitative measures of dependence, inferential statistics using parametric and non-parametric
tests shall be applied depending on the respective data. Fulfilment of model assumptions (e.g. normality
distribution) shall be carefully assessed, especially in the case of small numbers of participants. If
needed, appropriate remedial measures shall be applied. However, as soundscape investigations are
intended to be “holistic in covering all auditory sensations as well as all other context variables such
as visual stimuli and personal expectations” [ISO/TS 12913-2], the use of statistical analysis methods
(e.g. statistical hypothesis testing) is recommended, but may be less important in case of qualitative
or explorative methods. For qualitative data, a variety of approaches are available to systematically
analyse qualitative data using some kind of step by step coding pr1nc1p1es to generahze the observatlons
In additian
for com

Because pof factors that could influence results, a thorough discussion of potential confounders({ji;€. bigs
effects) g§hall complete the general data analysis. Confounders are, for example, the sequential effeft
(a previqus site influences the assessments of the following site) (see Reference [4]) cértain scaling
effects, ljke the range effect (tendency to use full range of a scale independent from Stimuli set) (s¢e
Referende [5]), or demand characteristics (cues, like the instruction text or the behaviour of the persdn
leading the soundwalk, that signal the research goal and influence assessments), (See Reference [6]).

NOTE Based on the collected data, it is possible to study classification of sites. Fotjthe study of classificatign
of sites, djfferent statistical clustering methods are available, which allows for idéntifying relevant variables fpr
clustering and determining the similarity or dissimilarity of sites.

5 Andlysis of quantitative data

The quaptitative data obtained by means of questionnairesJin soundscape investigations shall he
analysed depending on the respective level of measurément (i.e. nominal, ordinal, interval, and
ratio). Aphy correlation analysis shall be chosen in accordance with the level of measurement of the
questionpaire data. Inferential statistical tests regarding the level of significance of differences |n
evaluatign between sites and/or correlations shall'be carried out and probability values reportef.
Any choden method (e.g. measure of central tendency, measure of dispersion, correlation analysis, arjd
statisticgl hypothesis testing method) shall be reported. For more information, see Annex A (Method 4)
and Anng¢x B (Method B).

6 Andlysis of qualitative data

Data from qualitative interviews-shall be transcribed for reporting and further analysis. The style pf
transcription, whether clean‘\read, verbatim or strict verbatim transcription, depends on the objeft
of the investigation. For the-analysis via the Grounded Theory, the clean read transcription style fis
sufficienf. Violations of Corhmon rules for conducting interviews (ethical rules, being suggestive, being
prejudicg¢d) shall be feported, and the related data excluded from further analysis.

Qualitative datasshall be analysed by scientifically proven systematic text analysis methods, such as
the Grouynded;Theory (see Reference [7]), Qualitative Content Analysis (see Reference [8]) or Socipl
Network] Analysis as part of mlxed methods de51gn (see Reference [9]). The process of analysis shgll
follow thiese >

In addition to established text analysis methods, other methods to gather and analyse qualitative data
(such as behavioral mapping, observational analyses, analysis of social interaction, walking patterns;
see examples in References [61], [62], [63], [64]) are available and, if determined appropriate in certain
cases, shall be applied.

7 Analysis of binaural data

The binaural recordings are the basis for characterizing the acoustic environment at the receiver as
the sound from all sound sources modified by the environment [ISO 12913-1]. The measurements and
their psychoacoustic analyses enable the determination of the (basic) auditory sensations evoked by

2 © IS0 2019 - All rights reserved
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the sound. Any binaural recording shall be equalized for the analysis as specified in ISO/TS 12913-2,
approximating a monaural microphone measurement.

After applying the recording equalization, the remaining signals of the left and right channels are
separately processed to determine (psycho-)acoustic metrics.

The different metrics used (e.8. Lyeqp Leeq,n Lars,p Larosp N5, Nos, Nimer S50, IACC) shall be linked to the
perception and the assessment of the concerned people [ISO/TS 12913-2]. In general, the consideration
of acoustic analysis results shall provide a basis for the evaluation and classification of soundscapes by
complementing the perceptual data. Moreover, based on the results of the binaural data analysis, given

i1

8

T
tq

th
a
i1

syitficient position data, maps based on psychoacoustic and other data can be determined. For more

formation, see Annex D.

Triangulation

he general idea of triangulation is to achieve a higher level of validity if differentmethods applied lead
the same result and hierarchical agglomerative clustering complement each ‘other. Triangulation for

spundscape measurement is a technique that facilitates validation of data‘through cross verification of

iree components: people, context and acoustic environment. In particular, it refers to the apjplication
nd combination of several research methods in the study of the/same phenomenon. Hor more
formation, see Annex E.

©
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A.1 General

Method

A.2 De¢termination of central tendencies of responses

For the [analysis of the collected responses by means of Method A as/described in C.3.1

ISO/TS

follows.

The five response categories of questionnaire part 1 (see Figures)C.2 and C.3 of Annex C
1{2913-2:2018) from left (‘not at all’) to right (‘dominates completely’) are assigned scale valu¢
from 1 tq 5.

ISO/TS

The five fesponse categories of questionnaire part 2 (see Figure/C.4 of Annex C of [SO/TS 12913-2:201
from left] (‘strongly agree’) to right (‘strongly disagree’) arezassigned scale values from 5 to 1.

The five fesponse categories of questionnaire part 3 (see Figure C.5 of Annex C of ISO/TS 12913-2:201
from left] (‘very good’) to right (‘very bad’) are assigniéd scale values from 5 to 1.

The five fesponse categories of questionnaire part 4 (see Figure C.6 of Annex C of ISO/TS 12913-2:201
from left (‘not at all’) to right (‘perfectly’) are'assigned scale values from 1 to 5.

For all

Tabje A.1 — Assigned.scale values to rating scales of Method A and statistical measures

Annex A
(informative)

Analysis of data related to Method A

12913-2:2018, numbers shall be assigned to the response categoriesof the category scales :

A, described in C.3.1 of ISO/TS 12913-2:2018, consists of category scales containing fiye
responsg categories.

dategory scales, the level of measurement is ordinal, which means that the median valu¢
should bg reported as the measure of'central tendency, and the range as the measure of dispersion. S¢
Table A.1.

hf
\S

Phrt (see ISO/TS 12913-2) Scale va_lues tobe | Measure of central M_easur(_e of
assigned tendency dispersion
1 (sound source identification) 1,2,3,4,5 median range
2 (percejiived affective quality) 54,321 median range
3 (asses$mentiof surrounding sound 54,3,2,1 median range
envirgnnrent)
4 (assessment of the appropriateness) 1,2,3,4,5 median range

A.3 Determination of two soundscape dimensions based on perceived affective
quality responses

Environmental psychologists have repeatedly demonstrated that when people are asked to freely

describ

e how they perceive environments they respond affectively (see Reference [10]).

These affective responses can be represented in a two-dimensional model where the main dimension
is related to how pleasant or unpleasant the environment was judged, and therefore noted as
pleasantness. The second dimension is related to the amount of human and other activity (see

© ISO 2019 - All rights reserved
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Reference [11]). For soundscape, this second dimension is represented by how eventful or uneventful
the acoustic environment is perceived to be, and therefore noted as eventfulness (see Reference [12]).
An eventful environment is busy with human activity, for example a city centre or other sound events
produced by non-human agents, whereas an uneventful environment is completely devoid of human

activity, for example a wilderness area or during late evening hours in a residential area witho

ut social,

commercial and industrial activity. If the previously mentioned pleasantness and eventfulness axes
are taken as perpendicular, further labelling corresponding to human judgments can be prescribed to
two additional axes rotated 45°n the same plane. At a rotation of 45° from the two main dimensions,
are two alternatlve dlmensmns representing env1r0nments that are chaotlc and stressful versus calm,

[43]). According to the two dimensional model, vibrant soundscapes are both pleasant arid
chaotic soundscapes are both eventful and unpleasant, monotonous soundscape are bathun
anhd uneventful, and finally calm soundscapes are both uneventful and pleasant.

NPTE Based on the tradition in environmental noise research, the term ’annoyingj is used i
‘Unpleasant’ in the model used in this document. However, some sociological models aseribe a stronge
ntentionality to sounds that are annoying compared to those that are unpleasant.

—

(pleasantness and eventfulness) for each site. Results can be reported in a two-dimensiong
plot with coordinates for the two dimensions ‘pleasantness’ and ‘@ventfulness’ (see Figure
cpordinates for ‘pleasantness’ are plotted on the X-axis, and the‘coordinates for ‘eventfulnes
Y{axis. Every data point in the scatter plot represents one investigated site.
T

he coordinate for pleasantness P is calculated by means ¢f Formula (A.1):
P=(p—a)+cos45°(ca—ch)+cos45°-(v—m)

The coordinate for eventfulness E is calculated by means of Formula (A.2):
E=(e—u)+cos45°(ch—ca)+cos45°-(v—m)

where

a isannoying;

ca iscalm;

ch is chaotic;

e iseventful;

m is monotonous;
p «Is pleasant;

0 is uneventful;

[12] and
eventful,
pleasant

nstead of
r sense of

The results from part 3 (see A.1) are further processed to derive thevalues on two dimensions

| scatter
A.1). The
s’ on the

(A1)

(A.2)

v  isvibrant.

In Formulas (A.1) and (A.2), cos45° is used as a weighting function to adjust for the 45° rotati

on in the

two-dimensional model (Figure A.1). The range of the coordinates that results from the formulas is

i(4+x/§):i9,66 . To change the range to 1, divide the coordinates by (4+\/§) .

© IS0 2019 - All rights reserved
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NOTE
and itisn

A4 Li

Rating d
in order
investiga
(see Refd

(e.g. ordipal vs. interval). For ordinal data, the/Spearman’s rank correlation coefficient, rg,¢,-ma, should

be calcul

rspea

rspea

where

EVENTFUL
CHAOTIC VIBRANT
AN v
N
N
N
N
N
N
ANNOYING PLEASANT
7 N
/ N
v/ N
/ AN
/ AN
/ AN
/ N
/ N
Ve X
MONOTONOUS CALM

UNEVENTFUL

Figure A.1 — Graphical representation of Formulas (A.1}-and (A.2)

The generality of the two-dimensional model is still under examination (see for example Reference [65])
pted that the two-dimensional model requires further validatien across languages and sites.

nk of Method A results to acoustic data

hta collected via questionnaires should be linked to the results of the acoustic data analys¢s
to identify potential relationships (see References [14] and [15]). These relationships may he
ted by means of statistical analyses, such-as correlation analyses, linear regression or ANOYA
rences [47]). The adequate correlationanalysis depends on the level of the measurement scaje

ated (see Reference [16], [46], and\[60]) using Formulas (A.3) and (A.4).

n
. 2
:1—1—6 2.

man n-(n2 _1) foraintied ranks (A.3)
2-["3_" ]—T—U—Zn d?
12 i=11 _
man = ; . for tied ranks (A4)
2.\/[n —n_T}[n —n_y
12 12

d.

1

n is the number of cases;

T=

k)
2

12

k(x)
2]’:}1( (ti _tj) _

’

-u;)

U=

12

)

S the difrerence 1n paired ranks;
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t is the number of in i tied ranks of the variable x;

u; is the number of in u; tied ranks of the variable y;

k(x) and k(y) are the numbers of tied ranks of the variables x and y.
The determined correlation coefficient should be reported as a numerical measure of statistical

relationship between two variables. In addition, the statistical significance of the correlation should be
determined, and the probability value reported.

© IS0 2019 - All rights reserved 7
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Annex B
(informative)

Analysis of data related to Method B

B.1 Ge¢neral

Method

category| scales, a ranking test and free words data, which should be separately analysed:)The fre¢e
words data refer to method B as described in C.3.2 of ISO/TS 12913-2:2018 where, after listening,
the soundwalk participants are requested to write down their thoughts and feelings While still at the

specific

B.2 Determination of central tendencies of responses

Part 1 (4

The resp
1 to 5 in
shall be

the posit
assessm
the accu
which m
tendency
interval

for an or

NOTE
Part 2 (9

The rank
sources
measure|

, described in C.3.2 of ISO/TS 12913-2:2018, consists of five-point unipolar cortintuous-

cation.

ssessment of the sound environment — ISO/TS 12913-2:2018, Figure C.7)

onses on the five-point unipolar continuous-category scales-dre assigned the scale values from

dependence of the marked point on the scale (see Table“B.1). The values used for analysjis
letermined at least with one decimal place. This shall:be done by using a ruler and measuring
ion of the marked point on the scale with the acctiracy of one decimal point or, in case pf
ents digitally collected on a computer screen, by detérmining the marked point on the scale with
racy of one decimal point (rounded). The level of'theasurement is interval (see Reference [17]),
bans that the arithmetic mean value for eachssite should be reported as the measure of centrpl
. For each determined arithmetic mean value, the standard deviation and the 95 % confidenge
should be calculated. However, the ratifigs may not represent an interval scale, and statistigs
Hinal scale level may be additionallydpplied.

If considered to provide further information, other measures of central tendency can be determined.
ound source recognition,iincluding ranking — ISO/TS 12913-2:2018, Figure C.8)

ing responses are assigned the values starting with 1 (natural numbers) up to 8 (if 8 different
hire listed), indicating the most noticeable sound sources at a site (see Table B.1). The level pf

site ShOL]l(d be reportedras-the measure of central tendency.

The indi
participa

be explo

k
a
set of soyirceswight influence the assessment of the sound environment in its entirety, and thus should
d

ment is ordinal, which means that the median value for all recognized sound source at ea¢h

ation of @ertain sound sources, assessed as most noticeable by the different soundwa
nts, can.be related to the collected ratings of part 1. A specific focus on a sound source or on|

red."'The data might allow studying the relevance of sound source focus to the perception ar

assessm

pnt-0f multi-sound source scenarios as acoustic environments usually are

Table B.1 — Assigned scale values to rating scales of Method B and statistical measures

Scale values Measure of Measure of
Part (see ISO/TS 12913-2) to be assigned central tendency dispersion
1 (assessment of the sound 1-5 arithmetic mean standard deviation
environment)
2 (sound source recognition) 1,2,3,4,5,6,7,8 median range

© ISO 2019 - All rights reserved
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Part 3 (subsequent comments — ISO/TS 12913-2:2018, Figure C.9)

For analyses, the responses related to part 3 (subsequent comments) gained by a soundwal

k should

be systematically analysed. For it, the provided comments are clustered by increasing the level of

abstraction of the used word to identify meaningful categories. This analysis process can be

realized

according to established methods of empirical social research, such as the Grounded Theory (see
Reference [7]) or Qualitative Content Analysis (see Reference [8]). By means of categories identified

and the frequency of occurrence of certain categories at each site, standard statistical analys

is can be

pfrformed (e.g. in terms of histograms). This analysis is performed per site and per condition
of the day), where applicable.

The analysis can be additionally performed for all sites together investigating the generadl chd
the investigated area covered by the soundwalk and for later comparison to other jnvestigated

NPTE Free response data are needed to understand the meaning of scaling ox'responses to s
qyestionnaires. People involved can use their own words to describe their perception and feelings.

B.3 Link of Method B results to acoustic data

The analysis of the link between results and acoustic data should\be determined according tq
iffterval data, the Pearson correlation coefficient, r, should bealculated (see Reference [48]) 4
tq the Formulas (B.1) and (B.2).

cov(x,y)
r=————
0,0

y
where
o, Isthe standard deviation of the array x;;
o, isthe standard deviation of the-array y;;
n — b
Z,-zl(xi —X)-(%:=Y)
cov(x,y)=
n
where

X isthe arithmetic mean value of the array x;;
Yy is the-arithmetic mean value of the array y;;

n 1S the number of cases.

[e.g. time

racter of
areas.

fructured

A.4. For
ccording

(B.1)

(B.2)
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Annex C
(informative)

Analysis of data related to Method C

Method (., described in C.3.3 of ISO/TS 12913-2:2018, provides a guideline for a narrative interview

consistirlg of several open questions that allow for deepemng the understanding of the effects
soundscape.

The guideline referring to satisfaction with the living space, residential experience, experienges witl
relation [to sounds in life, daily routines, co-inhabitants, neighbours, spatial identification of sour
effects should be systematically analysed according to an established interview analysis using explid
systematic procedures.

An establlished analysis method is the Grounded Theory, which enables the devélopment of integratiy
diagram$ leading to a systematic model of categories that give access to main strategies of habits wif
regard tq living in an acoustic environment (see References [18] to [23]). The-Grounded Theory is simp
the discgvery of emerging patterns in data. The Grounded Theory genérates theories from data (s¢

Of

1/
d
it

Referen

rules an
guarante
requires
in order
feelings

different

The pury
or object
or relate
When th
abstract
subsums
analyst {
After the
concepty
sensitivi
between
a concej
creating
the analj
process is
data aga

guidelines. The general demand is that the results are constantly “grounded” in the data
e that validity and intersubjective traceability are given. The systematic analysis approac
starting with open coding, in which the analyst enhances the level of abstraction step by stg
to improve its generalization. The data is divided-into discrete incidents, ideas, events, act]s,
hnd reactions and described with general, abstract notations. These notations can descrilpe
objects, events, actions, interactions, feelings.or psychological states (see Reference [25]).

h
y
e
[24]). The procedure of the Grounded Theory is explicitly’systematic and based on defingd
0
h
p

ose behind categorizing phenomena is to be'able to group similar events, sensations, reactions
s under more common heading or classification, if these events share common characteristi¢s
 meanings. The data is elaborately ¢oded word by word, line by line and sentence by sentence.
e first notations begin to accumiulate, the process of grouping the categories under more
terms starts. With the help of the“clustered categories, core categories can be detected, whig¢h
and cluster the diverse categories and codes under broader terms. That procedure enables the
o discover the ties and dépendencies between the generated categories (see Reference [26]).
initial and unfocused'coding, the phase of selective and axial coding follows, in which the
alization of the data_is'more target-directed because of the analyst’s increased theoreticpl
Ly. In addition, integrative diagrams are developed to explore the missing links and connections
the different categories and core categories (see Reference [27]). By means of such diagramis,
t of dependencies and deeper understanding of the object of investigation arises. After
integrative diagrams, the data is analysed again based on the derived understanding. Thus,
sis process is circular (see Figure C.1). The circular analysis process is continued until the
s “saturated”, which means that new aspects cannot be detected anymore by re-analysing the

permits t

Referenc

n-Thus, the Grounded Theory is not only an exploratory tool for a quantltatlve study, but|it

es [28] and [29]).

The data should be analysed through correlation and triangulation; sound and psycho-acoustic
parameters should be collected and they should be analysed with regards to their synergetic effects.

10
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Open Coding Categories
) analyst enhances specific phenomena
Interview . .
the level of categories are found are coded with
Data . .
abstraction general notations
——————————
 —
verification
of the theory search for
in process core
categories
———————

assembling of the
detected phenomena
in a theory

Integrative Diagram

connections can
be recognized

|l

(see Reference [27])

core categories are
sub summarizing
the-categories

Core Categories

Figure C.1 — Circular systematic analysis approach according to the Grounded The

ory
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Annex D
(informative)

Analysis of binaural data

D.1 Geéneral

The analysis of the binaural data enables the characterization of the acoustic environment and tk
identification of auditory sensations. The results of the binaural data analysis, including psyc¢hpacoust]
indicatofs, enable the quantification of the acoustical impact on the listener, and the ,exploration
relationghips between physical properties of the environments and human responsé_behaviour (sq
Referende [30]). Also, the amount of unexplained variance of the soundscape related responses shou
be deternined and reported.

NOTE The amount of unexplained (residual) variance indicates the proportion to Which the results from tﬁ:e

binaural dlata analysis do not account for the variation of the human response data“set. In simple words, it is t
amount of error made by predicting the human responses by means of the resultsof the binaural data analysis on

The intgnded purpose of psychoacoustic indicators is not to explain the level of pleasantness

approprifteness of sound in its entirety [ISO/TS 12913-2]. Binaural recordings enable the aurall
accuratefreproduction of the sound measured in-situ, which allows listening to the acoustic environme
with all §patial information retained. For example, the opportunity to identify the distribution of sour
sources in the analysis process may be helpful to relate thisdnformation to the human responses.

D.2 De¢termination of metrics

Because [binaural measurements provide two signals representing the left and right ear of a huma
listener, [any acoustic parameter is calculated for both ears separately. For all metrics considere
the highest value of both channels of a binaural recording is used as the single representative valt
indicatirlg the overall experience. The arithmetic mean value of the values determined for the left ar
right chgnnel may be determined additionally. The consideration of ratios between different percenti
values of psychoacoustic analysis results can be used to quantify the amount of variation of a certa
metric oyer time (see Referenee [31]). For example, the quotient of the loudness N (loudness exceedsg
in 5 % of the time interval)cahd loudness Ngs (loudness exceeded in 95 % of the time interval) may t
an indicqtor of the level of loudness variability. Such metrics intending to describe the variation ov
time shopld also be considered for other psychoacoustic metrics. See Table D.1.

le
iC
Of
e
d

e
y.

DI
V-
Nt
d

n
d,
e

d

NOTE The use-ef{binaural technology allows for capturing the spatial auditory impression in an aural
accurate
measured
acoustic ¢
do not ex
perception, the derivation of a single representative value based on the two input channels from the binaur
measurement system resembles the way humans perceive sound.

y

al

In order to determine the reliability of determined acoustic values representing certain sites, repeated
measurements should be analysed. Reliability considers the aspect whether the same results are
obtained if the same measurement is repeated (see Reference [33]). A high reliability is a prerequisite
condition for validity (see Reference [34]). The variation per site of acoustic data analysis results should
be investigated and reported. For larger data sets of repeated measurements, the measure coefficient

of variation can be considered.
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Table D.1 — Metrics and representative single values

Metrics to be determined Determination of Reference
Parameter . .
for each channel separately representative single value
Sound pressure Lpeq Lceqr Lars,p Laros,T higher value of left and right ISO 1996-1
level metric values
Loudness (time- N, higher value of left and right met- [SO 532-1
variant loudness)  |Ns, Nyyerager Nrmer Nosy —— ric values (or the average of left
95 and right metric values)
harnnnce c_C < hicharvualiin Aflnfr and wight et T\H\I A': 92
harpress S5rSaverage S5 highervalue-oHeftand rightet
ric values (or the average of left
and right metric values)
Hsychoacoustic T higher value of left and right met- ECMA| 74
tpnality ric values (or the average of left
and right metric values)
Houghness Ry Rso higher value of left and right met (32]
ric values (or the average of left
and right metric values)
Hluctuation Fi0 F5 higher value of left and\right met- (32
skrength ric values (or the dverage of left
and right metric values)

The acoustic data can be subject to clustering analyses. ThisS<an be done in terms of psych¢acoustic
nletrics that are related to the different sites combined¢with data collected from questionpaires. A
nfultitude of clustering analyses is available (such as hierarchical agglomerative clustering,|k-means
clustering, multidimensional scaling, see References [49] and [50]), which allows for the discrimination
ofrelevant factors influencing the perception of acoustic environment (see References [35] and [36]) and
tq cluster sites grounded on perceptual and psychoacoustic data obtained in-situ (see Referenge [37]).

D.3 Psychoacoustic mapping

I} the context of environmental noise assessment, noise mapping in terms of sound pressjre level
nlaps is usually applied in order(tg~estimate the impact of noise on human beings. Since the sound
pressure level is related only to a limited degree to the perception of environmental noise and|{acoustic
environments respectively, the creation of psychoacoustic maps is recommended in order| to have
ayailable more informatipnfor the description of the acoustic environment (see Reference [38]).

While it is possible to'predict precisely the sound pressure level depending on the distance tq a sound
source or to calculate-the resulting sound pressure level of superposed sound sources, such me¢thods of
calculation are not-applicable for psychoacoustic parameters such as loudness, sharpness, roughness, or
flpctuation stfength (see Reference [39]). The principle of the sound pressure dependency of|distance
irf] free fieldis’known: doubling the distance to point-source yields half the sound pressure.

I1} contxast, the behaviour of psychoacoustic parameters with distance is often non-linear gnd more
complex. For example the change in loudness due to a dlstance change dlffers from the behaviour
) igure D.2,
which 1nd1cates the general behav10ur of psychoacoustlc parameters on the baSIS of one Vehlcle pass-
by event recorded at different distances. The parameter ‘sharpness’ shows only minor changes due
to the relative constant spectral shape and is only influenced by the frequency-dependent absorption
in air during propagation within greater distances. The perceived ‘roughness’ displays only small
changes as well, since the modulation frequency and the degree of modulation are almost constant and
are not dependent on absolute sound pressure levels. Similar psychoacoustic maps can provide more
information compared to maps exclusively depicting sound pressure levels (see Reference [40]).

Generally, in contrast to sound pressure level maps, which can be calculated by the sound pressure
levels of the sources alone, it is not possible to create psychoacoustic maps without time signals. In
particular, if several sources are superposed, the single values of psychoacoustic parameters of the
sources alone are not sufficient to predict the single value of the resulting overall noise. The new time
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signal should be measured or simulated to determine the single value of the overall noise. For the
creation of a psychoacoustic map, the specifications and recommendations given in the D.2 concerning
“psychoacoustic indicators” should be considered.

Key

A conventional noise map O :

B  schematic distribution dness
C  schematic distributi f sharpness
D  schematic distritﬁf roughness

“Nauener Platz” in Berlin (see Reference [41])

Figure){?& Conventional noise map and psychoacoustic noise maps of the public space
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Kpy
X distance, in meters {(
Y relative change of acoustic parameters, in % QO
rqd sound pressure level (A-weighted) \§\
blue  loudness (ISO 532-1) S\
7
gley  roughness O
green sharpness (DIN 45692) @

N
Figure D.2 — Relative change of acou@c parameters in % of a pass-by event of a passenger car
recorded at ;l&i;distances 7,5m,25 m, 50 m and 100 m

o
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Annex E
(informative)

Triangulation

n

percepti

is known as triangulation. The term triangulation is borrowed from surveying or navigationswher

it refers
measure|
of measy
same prq

In gener
are data
soundscd

1. Data

pe studies use a variety of data collection and measurement methods related to huma
bn, the acoustic environment and the context. The use of different measurement method

to the practice of establishing the exact position of a given object by taking reddings
ment from multiple viewpoints. Using more than one reference point enables greatetiaccurad
rement (see Reference [51]). In the context of social sciences, it means a process_by which t}
blem or phenomenon is investigated from different perspectives (see Referente [52]).

hl, it is possible to identify four different types of triangulation (see Reference [53]) whig
investigator, theory, and methodological. All of the four types can be\principally applied
ipe investigations and research.

triangulation: creation of multiple data sets by collecting data. in a variety of contexts ar

setti
occ

2. Met
and
met
‘bety

3. Inve
situd
note|
mul{]
tech

4. Theq
exar

In most
investigg
to perfol
using dif
collectio

the validjity and:educes the uncertainty of the measurements, compared to relying on a single methda

or asing

gs at different points in time. This may involve using the’same method on more than o
ion or using different methods or different times.

odological triangulation distinguishes between twd@.broad subtypes: the ‘within-metho
he ‘between-methods’ or ‘across-methods’ approach: The former entails applying the san
od on different occasions or using multiple techniguies within a given method. But when usij
veen methods’, triangulation refers to the actual'mixing in a single research design.

stigator triangulation occurs when more than one researcher or evaluator investigates t}
tion. Using multiple investigators ensufes that a number of viewpoints are represented. It

idisciplinary evaluation teams_are’ required for specialist knowledge in addition to th
hical expertise.

ry triangulation, which entails making use of a number of alternative or competing theories
hining the data.

Cases, the first two-types (data and methodological triangulation) are applied in soundscay
tions (see References [58] and [59]). For example, to use a questionnaire at the soundwalk an
m narrative initerviews with further groups to look at different problems in the same stud
ferent approaches calls for triangulation. Due to the variety of methods and tools for da
h described’in ISO/TS 12913-2, the use of triangulation is required. Triangulation increass

e data'set.

d that individual evaluators are largely influenced by their disciplinary roots, and therefor
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Annex F
(informative)

Laboratory studies

ormance
of alaboratory study can deepen basic knowledge and assist in detailed analyses of specific phgnomena
r¢lated to soundscape. Any performance and analysis of laboratory studies include a diseussion about
the limitations of the results in terms of ecological validity. For example, one’s assessnient of §ounds is
ifffluenced by memory effects. The auditory system is capable of detecting small differences pased on
short-term memory; however, such discrimination cannot be made based on the long-term [memory,
cqusing individuals to depend more on characteristic noise features and patteris) Such memory effects
irffluence the results of laboratory studies and shall be discussed with respect to their meganing for
the overall results. The duration of presented sounds may play a role as-well. It is recommpgnded to
choose specific durations of sounds presented in laboratory studies, which are long enough to immerse
a[participant sufficiently into the acoustic situation. The presentation’/of sounds of only few] seconds
nlight be misleading in the context of soundscape investigations, The main advantage of soundscape
lgboratory studies is the greater control of several variables suchas ensuring that all participants are
exposed to exactly the same acoustic environment (see Referérice [42]).

The design of experiment aspects including instruction,scale, and context should be selected dccording
tq the object of investigation. In principle, methods liké)paired comparison, ranking, category scaling,
s¢mantic differential, magnitude estimation and interview methods can be used.

I} case of a category (partition) scaling method, participants are requested to rate sounds opn a scale
that is divided into a finite number of categories. The distances between the categories are qupposed
tq be equidistant and the categories are thought to represent equal sections leading to intervjal scaled
dpta. Bipolar and unipolar category scales’can be used; the bipolar scale uses two opposing aftributes,
whereas on a unipolar scale only onerdimensional categories are provided. Established verbal|labelling
of categories of unipolar and bipolar;scales for intensity, quality, frequency of occurrence, and agreement
wlere introduced (5-point scales: not, a little, moderately, quite a bit, very / bad, inadequate, fair, good,
excellent / never, seldom, sometimes, often, always / fully agree, mainly agree, neutral, mainly flisagree,
fylly disagree, see Referencées [17] and [43]).

The semantic differential method typically comprises a set of bipolar rating scales, which coverjmultiple
dlmensions. In most-cases, 7-point category scales are used. A semantic differential can| provide
a|detailed semantic profile of a sound. Usually, the data obtained by a semantic differential] method
id analysed based on principal component analysis or factor analysis, and the large quantity of data
obtained by ‘asemantic differential test is reduced to a set of unobserved, latent variables d¢scribing
nmost of thewariance in the data.

Apsolute, relative magnitude estimation and magnitude production are the most known mpgnitude
ejtindations methods. Absolute and relative magnitude estimations operate without and with a
standard stimulus. These methods are rarely used in the context of soundscape investigations and they
are not recommended.

Another method is the free sorting task, which allows for researching aspects of categorical perception
of complex auditory situations. It is often used, followed by a free-format verbal description task of
categories created in order to avoid confining responses to verbal descriptors predefined by the
experimenter (see Reference [44]).

It allows for identifying “natural” verbal descriptors that are meaningful for participants. Free
categorisation experiments might allow recognizing how human beings process sounds based on the
linguistic exploration of verbal data (see Reference [45]). Methods, like Intermittent Thinking Aloud
(ITA) or Subsequent Thinking Aloud (STA), are another way to collect data without predefined questions
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guiding an interview and can be subject to explorative analysis and to determine personal meaning as
well (see Reference [23]).

By means of interview methods, information can be collected on the one hand to explore relevant
factors for the assessment of sounds, and on the other hand to estimate the explanatory power and
validity of the collected scaling data and to evaluate the adequacy of test method and evaluation task.
The application of interview methods, in combination with other scaling methods like category scaling
methods, is highly recommended.

In general, the data collection methods described in ISO/TS 12913-2 can be used in laboratory studies.
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