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Summary

Soundscape research draws from quantitative and qualitative methods to explore peoples' perception

and understanding of their acoustic environments. One opportunity to combine the strength of both

approaches is the so-called Experience Sampling Method (ESM). ESM refers to a method of data

collection in which people periodically make momentary (i.e. �in-the-moment�) judgments over the

course of the day while naturally acting within their everyday environment. This means that reactions

to environmental sounds are captured as they occur. We conducted a 7-day ESM study to investigate

the relationship between momentary and retrospective soundscape judgments. In the course of the

study, participants were prompted 10 times a day by a smartphone application. They were asked

to evaluate their soundscape and report on further potential in�uencing factors (e.g. mood, activity

at-hand, and the degree of attention paid to the soundscape). Additionally, they performed summary

retrospective judgments at the end of each day and the whole week. Results (n=26, mean age=29.3

(SD=5.9), 13 women) show that daily retrospective judgments of soundscape pleasantness can be

predicted by the average and the linear trend of the momentary judgments, the negative peak, and

the person's mood while performing the judgment. Weekly retrospective judgments, however, are

governed by the positive peak and the person's mood. On theoretical grounds, the results provide

new insights into the complex structure of judgment processes in soundscape perception. Especially

given the biases between momentary and retrospective judgments, the ESM is a promising tool to

collect naturalistic longitudinal data in the moment and situation in which the experience takes place.

PACS no. 43.66.Ba, 43.66.Lj

1. Introduction

1.1. Perception of the acoustic environment

Listening to our acoustic environment takes time.
One way a sound �persists� through time is when it
is perceived and remembered by listeners. Any ex-
pressed evaluation of an acoustic environment nec-
essarily makes use of retrospection, whether we are
still in the environment or remembering one from our
childhood. The in�uence of cognitive processes, espe-
cially memory representations of a temporal experi-
ence, may lead to a weighting of certain episodes in
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the course of a overall retrospective evaluation. Pre-
vious research in the �eld of decision-making psychol-
ogy has shown that momentary (i.e. �in-the-moment�)
judgments of time-varying experiences do not always
match retrospective judgments (e.g. [1] in the con-
text of decision-making and [2] for pain evaluation).
Studies in psychophysics indicate that initial and �nal
portions of abstract auditory stimuli receive greater
weight than the middle section when listeners are
asked to judge the overall loudness of a sound (e.g.
[3, 4]). Recency e�ects have also been found for sounds
with longer durations (e.g. [5, 6]). Kahneman and co-
workers could show that, beside the recency e�ect,
the most extreme a�ect (peak) experienced during
the episode is decisive for the retrospective evalua-
tion of a hedonic or aversive experience [2]. Several
studies revealed that an unweighted combination of
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both factors (i.e. both factors are equally weighted)
could well explain the variance of the retrospective
judgments. The authors established their "peak-end
rule" in the course of investigations on pain percep-
tion, but higher weightings of the peak and the end
could also be con�rmed for other kinds of a�ective
experiences, e.g. listening to musical pieces [7].

According to Ariely and Carmon, summary as-
sessments also partly re�ect inferences about future
states [1]. These future anticipations are derived from
the temporal development of the experience. This as-
sumption has gained empirical support from studies
by Loewenstein & Prelec (1993) and Ariely (1998)
who demonstrated that retrospective judgments are
in�uenced by the linear trend of an experience [8, 9].

A laboratory study by the authors on the relation-
ship between momentary and retrospective judgments
of environmental sounds indeed revealed the linear
trend of the experience to be a signi�cant predictor of
a retrospective pleasantness judgment [10]. The sec-
ond, more important, predictor in this study, however,
was the average of the momentary judgments. This
factor suggests a �cognitive averaging� of all temporal
elements of the experience. The authors hypothesize
that the degree of �cognitive averaging� could be de-
pendent of the properties of the sound, personality
traits of the participants, and the test situation itself.
In our experiment, sounds did not exceed a duration
of 90 seconds. It may therefore be assumed that par-
ticipants in these kinds of listening experiments are
often able and willing to overlook the whole experi-
ence when making retrospective judgments and apply
a kind of rational averaging, which they assume has
been requested by the investigator. These method-
ological issues raise the need to extend the investi-
gations to longer and more eventful sound periods, to
remove the laboratory and investigator from the con-
text, and to also take into account personal and sit-
uational variables. One method that allows the mea-
surement of peoples' reaction over the course of hours,
days, and weeks, is the so-called experience sampling
method (ESM).

1.2. The experience sampling method (ESM)

ESM refers to a method of data collection in which
people periodically make momentary judgments over
the course of the day while going about their every-
day activities [11]. To our knowledge, the ESM has
not been used in soundscape research (except for a
related diary study by Schulte-Fortkamp & Genuit
[12] ); yet, the method appears highly suitable for in-
vestigating �the acoustic environment as perceived or
experienced and/or understood by a person or peo-
ple, in context" (de�nition of soundscape proposed
by the ISO working group TC43 SC1 WG 54 [13].
In contrast to laboratory experiments, the ESM can
provide quantitative and qualitative �in-situ� data -

valuable perceptual data of people actually experi-
encing real acoustic environments. Due to the devel-
opment of modern, multifunctional smartphones, the
ESM is currently experiencing a renaissance. While
developers of the method, such as Csikszentmihalji
(1977) had to provide their participants with pagers
and stacks of paper on which they recorded their re-
sponses when signalled [11], nowadays smartphone ap-
plications serve as all-in-one alarm clocks, electronic
questionnaires, and measurement instruments.

1.3. Soundscape, the person, and the
situation

The ESM is in line with Brunswik's concept of a rep-
resentative design of experiments that allow the sam-
pling of stimuli from the person's natural environment
which are representative of the population of stimuli
to which the person has adapted [14, 15]. Brunswik
further highlighted the importance of understanding
how various psychological factors function and inter-
act in di�erent real-life situations. Psychological fac-
tors and their role in sound evaluations have already
been investigated in numerous studies (e.g. [16, 17]).
Västfjäll (2002), for example, observed an e�ect of
mood on annoyance reactions to a sound of a chain-
saw [18]. In general, the e�ect of mood or a�ect on
judgment processes is a well-known phenomenon in
cognitive psychology. In his A�ect Infusion Model
(AIM), Forgas (1995) assumes that the impact of af-
fect on judgment processes varies along a continuum
of four di�erent judgmental strategies [19]. According
to the model, judgments requiring heuristic or sub-
stantial processing are more likely to be infused by
a�ect than direct access or motivated judgments.

Beside situational factors, it has been shown that
di�erent (stable) thinking styles and personality traits
can have an in�uence on judgment processes. One
well-known trait related to auditory perception is
noise sensitivity. This trait covers attitudes toward
a wide range of environmental sounds [20]. In many
studies, it has been shown to be a major factor ex-
plaining noise annoyance reactions [21, 22].

1.4. Aims of the study

By taking into account potential moderating variables
like mood and personality traits and by sampling the
experience �in-situ�, our ESM study has a high level
of ecological validity and should provide �ndings that
are representative of everyday life listening. The study
can also be considered a validation of the own afore-
mentioned laboratory study on the relationship be-
tween momentary and retrospective judgments [10]. It
extends the �ndings to real-life settings, longer sound
durations and a wider range of soundscapes.

To sum up, we hypothesize that daily retrospective
judgments of soundscape pleasantness are governed
by the average of the momentary judgments obtained
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over the course of the day, the linear trend, the posi-
tive and negative peaks (maximum and minimum val-
ues), and the end (last measuring point). Last but not
least, we assume an in�uence of the personality traits
mentioned earlier and the person's mood while mak-
ing the retrospective judgment.

2. Method

2.1. Participants

26 participants, 13 women and 13 men with a mean
age of 29.3 (SD=5.9) participated in the study. They
were recruited via the mailing list for current stu-
dents, postdocs, faculty and sta� of the School of In-
formation Studies (McGill) and via Craigslist. They
received $30 CAD for their participation and were
naive with regard to the hypotheses under test. 65.4%
of the participants were students; the rest (34.6%)
had a job outside the university. One participant re-
ported hearing problems, and none of them dropped
out from the study.

2.2. Procedure

Participants were recruited on the basis of having an
Android smartphone that they regularly carried with
them. Those who did not have an Android phone but
who wished to take the study were provided with an
alternate device. Participants were invited to the Mul-
timodal Interaction Laboratory (MIL) at McGill for
an entrance interview and training session. At the in-
terview, they were guided through the installation of
the smartphone app that would run the study over
the following week. Participants were instructed that
the app would cause their phone to ring at 11 ran-
dom points throughout the day (10 momentary judg-
ments and one daily retrospective one (plus one ex-
tra weekly retrospective judgment on the last night of
the study)), at which point they would conduct a 1-
minute questionnaire. Participants were asked to pro-
vide a 12-hour time frame of their typical day where
these alarms would catch them while they were �awake
and active�. Participants were then given a practice
alarm and questionnaire that they �lled out while
seated next to the researcher.

The training de�ned soundscape for them as �the
word we are using to describe your acoustic environ-
ment as you perceive it. The soundscape includes the
people in it and those you are talking to as well as the
background sounds.� The training also guided them
through samples of each of the characteristics de-
scribed in the following section. Lastly, to capture the
�peak� moments, participants were asked to start the
app manually to make extra momentary judgments
in the case that they experienced soundscapes that
were exceptionally positive or negative. At the end of
the week-long study, participants were also asked to

return to the MIL to �ll out questionnaires and have
the exit interview with one of the investigators.

2.3. Measures and Design

The questionnaires were designed by means of a web-
based administration interface in combination with
an Android application speci�cally designed for ex-
perience sampling (Movisens XS, Germany). In total,
three di�erent questionnaires were presented in this
study. One questionnaire was designed to report mo-
mentary judgments of the soundscape over the course
of the day and occurred 10 times per day. Amongst
others, this �momentary form� contained questions on
the soundscape pleasantness, (�How do you rate the
pleasantness of the soundscape?�), eventfulness, and
familiarity. This question had to be answered on a 7-
step Likert scale ranging from unpleasant (1) to pleas-
ant (7), not eventful (1) to very eventful (7), and un-
familiar (1) to familiar (7). Additionally, the parti-
cipants were requested to report on the predominant
sound source in the soundscapes, the pleasantness of
the visual environment and situational factors such as
the location, the degree of attention paid to the sound-
scape, current mood and activity-at-hand. However,
since these questions addressed other research ques-
tions than the relationship between momentary and
retrospective pleasantness judgments, the results will
not be presented in the context of this paper.

The second form used in the study is the �daily
summary�. This form also contained questions on
soundscape pleasantness, eventfulness, and familiar-
ity. For this questionnaire, participants were requested
to perform retrospective judgments of the whole
day (e.g. �How do you rate the pleasantness of the
soundscape(s) over the whole day?�) using the same
seven-step Likert scales as for the momentary judg-
ments. Participants were also requested to report on
their current mood (from bad (1) to good (7)) and
activity-at-hand (free-format responses). The partic-
ipants were prompted to �ll out the daily summary
at a �xed time - �ve minutes after the end of the se-
lected time-frame (e.g. at 10.05 pm for a time-frame
from 10 am-10 pm). In case the participants should
miss this prompt, they were also given the chance to
manually start the daily summary from the time of
the daily prompt until midnight (e.g. from 10.05 pm-
12.00 am for a standard time-frame from 10am-10pm).

The third and last form employed is the �weekly
summary� which provided overall retrospective judg-
ments of soundscape pleasantness, eventfulness, and
familiarity over the course of the whole 7-day pe-
riod (e.g. �How do you rate the pleasantness of the
soundscape(s) over the whole week?�). The weekly
summary appeared on the participants' phones on
the seventh day ten minutes after the end of the se-
lected time-frame (e.g. at 10.10 pm for a time-frame
from 10 am-10 pm). In the exit interview, participants
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were also asked to report on basic demographic in-
formation (birth year, gender, highest education, cur-
rent job, and reported hearing problems) and to �ll
out four standardized personality questionnaires. The
personality questionnaires were: a short version of
the Big Five Inventory (BFI-10; [23]), Weinstein's
noise sensitivity scale (WNS-6B; [24]), the �Rational-
Experiential Inventory for Adolescents� (REI-A; [25]),
and the Barratt Impulsiveness Scale (BIS-11; [26]).

2.4. Data analysis

Since the declared aim of the study was to inves-
tigate which features of the momentary judgments
contribute to the retrospective judgments of a day
and the whole week, two di�erent regression analyses
were conducted (SPSS 20 for [Windows/Macintosh]).
Thereby, the average, the maximum value (�Peak
(max)�), minimum (�Peak(min)�), and the last one
(�End�) of the momentary judgments were consid-
ered potential independent variables of the daily sum-
maries. Additionally, the linear trend over the course
of the day was calculated. It is the standardized re-
gression coe�cient of a linear regression analysis with
the independent variable, time (time regression analy-
sis, method of least squares [27]). Furthermore, the re-
ported mood while performing the daily summary was
hypothesized to directly in�uence pleasantness judg-
ments and therefore considered another independent
variable. For the regression analysis on the weekly
summary, the single daily summaries were regarded
as further potential independent variables. Thus, the
same calculations as for the momentary judgments
were performed: Average, �Peak (max)�, �Peak (min)�,
End (= daily summary of the last day), trend, and
mood while performing the weekly summary.
Since mood and the measured personality traits Ex-

traversion, Agreeableness, Neuroticism, Openness to
experience, Conscientiousness, Noise sensitivity, ra-
tional and experiential thinking style, and impulsive-
ness were hypothesized to have a moderating e�ect,
standardized (z-transformed) values of these variables
were computed. The interaction terms are products of
the potential standardized moderator variables and
the features of the momentary judgments.
Every participant had to perform 7 daily summaries

and 1 weekly summary on soundscape pleasantness.
These overall judgments were considered as depen-
dent variables in the di�erent regression calculations.
The judgments performed over the seven days are re-
peated measurements and can be correlated in a way
that violates independence assumptions required for
common linear models. Thus, a mixed linear regres-
sion model including time (day 1-7) as a potential ran-
dom e�ect were calculated [28]. A further advantage
of mixed models compared to common linear models
(e.g. ANOVA) is that datasets of participants are in-
cluded in the calculation even if they are not complete,
e.g. when participants missed single prompts (ibid.).

However, the authors decided to only include datasets
with at least six momentary judgments per day for the
regression on the daily summary, and at least 6 daily
summaries for the regression on the weekly summary.

3. Results

The results show that the momentary pleasantness
averaged across participants and situations is 4.7
(SD=1.4) and is therefore higher than the cen-
ter of the scale (4). Both the retrospective plea-
santness judgments of the day and the week are
even higher (Retro(day): 4.9, SD=1.1; Retro(week):
5.0, SD=0.7). At the same time, a decrease of the
standard deviation can be observed. In the next
step, regression calculations were performed with the
retrospective judgment considered dependent vari-
ables. The calculation of the linear mixed model (co-
variance matrix: compound symmetry) reveals four
�xed e�ects predicting the daily retrospective judg-
ments: average, the linear trend, the negative peak
(peak(min)), and the mood of the person while mak-
ing the judgment. The regression statistics are re-
ported in Table 1.

Table I. Mixed Models Analysis of the Relationship of
Retrospective Judgments and Features of the Momentary
Judgment - Estimates of Fixed E�ects

Variable Estimate Std. Error t Sig.

Intercept .66 .51 1.28 .20
Average 1.00 .13 7.74 .00
Trend .53 .16 3.25 .00

Peak(min) -.18 .07 -2.50 .01
Mood .32 .07 4.37 .00

The results are partly in accordance with our hy-
potheses and con�rm the validity of the model ob-
tained in the aforementioned laboratory experiment.
In contrast, the positive peak, the end, and direct or
moderating e�ects of personality traits did not sig-
ni�cantly in�uence the daily retrospective judgments.
The personality trait correlating best with the ret-
rospective judgments is the Weinstein noise sensitiv-
ity (Pearson product moment correlation r= -.223.,
p< .01). Furthermore, time (day 1-7) did not have a
�xed or random e�ect on the retrospective judgments
or the relationship between retrospective and momen-
tary judgments. This means that the retrospective
judgments of each day can be considered independent
from each other.

For the prediction of the weekly retrospective pleas-
antness judgments, a standard linear regression model
could be calculated (no within-subject-e�ects because
of only one judgment made by a participant). Within
both step-forward and step-backward regression anal-
yses two signi�cant predictors could be obtained: peak
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(max) and mood. The standard regression coe�cients
β are .63 for peak(max) (t= 4.8, p< .01) and .52 for
mood (t= 3.9, p< .01). The model explains 72.3% of
the variance of the weekly retrospective judgments
(R2= .72; F=20.9, df1= 2, df2=16) which can be
considered high, especially for studies on experience
sampling.

4. Discussion

The results of our study con�rm our assumption that
retrospective judgments of soundscape pleasantness
are not only governed by �cognitive averaging� pro-
cesses but also in particular by speci�cally unpleas-
ant and pleasant peak moments. Moreover, the re-
sults provide further empirical evidence that judg-
ment processes in auditory perception are in�uenced
by a person's mood and anticipation how the sound-
scape experience might go on (derived from the linear
trend). This is, to a large extent, in line with the lit-
erature mentioned in the introductory section and,
last but not least, with our own laboratory experi-
ment [10]. Comparing the three di�erent time scales
of both our studies (minutes, hours, days), it is shown
that the judgmental strategy of �cognitive averaging�
disappears with an increased time span that has to
be recalled by a person in the course of an overall
judgment. This is probably due to limitations of the
long-term memory since it is much easier for a per-
son to recall the last minute compared to the whole
last week. If not all pieces of information can be re-
called from memory, a heuristic judgment based on
the most salient information (e.g. the positive and
negative peak moments) is highly likely [29].
It must be stated, that the �ndings regarding the

daily and weekly retrospective judgment are partly
contradictory. While mood turns out to be a signif-
icant predictor in both the daily and weekly sum-
maries, obviously di�erent peak experiences are re-
called and �used� to establish the retrospective judg-
ments, namely the negative peak for the daily and
the positive peak for the weekly summary. One ex-
planation could be the special evaluation context of
the weekly summary. It is the last judgment pro-
cess in the course of the study week, and participants
could desire to perform a �benevolent� judgment and
emphasize more on the positive aspects experienced
during the week. The e�ect of the positive peak on
the retrospective judgment could also be related to
a mood-congruent memory bias which describes the
improved recall of information congruent with one's
current mood [30]. The average mood of the partici-
pants while performing the judgment can be consid-
ered high (x̄=5.4; SD=1.1; not reported in the re-
sults section). The high mood scores could lead to a
better recall of positive moments experienced during
the week. A second explanation addresses one limita-
tion of the study. The sample size, speci�cally regard-

ing the estimation of the predictors of the weekly sum-
mary, must be considered relatively low. The model
for the weekly summary only contains 19 datasets (26
participants, 7 cases excluded because of missing val-
ues). In contrast, the calculation of the mixed model
for the daily summaries contains 162 datasets. The
small sample size may also be a reason why no signi-
�cant e�ect of personality on soundscape judgments
could be observed. However, the correlation between
Weinstein noise sensitivity and the daily retrospective
judgments is in line with literature mentioned earlier.
A further limitation addresses the method itself.

Since no variables are experimentally varied within
the study and relationships are only observed on a
correlational basis, the ESM does not allow the re-
searcher to draw de�nite conclusions about causal
relationships [31]. Furthermore, the ESM is time-
consuming, expensive, and demanding for both the
participant and the researcher (ibid.).
However, the ESM proves to be a promising method

to investigate �the acoustical environment as per-
ceived or experienced and/or understood� in the eco-
logically valid context as suggested by the ISO de�ni-
tion of soundscape. It provides a meaningful insight on
contextual factors governing soundscape evaluations.
Last but not least, the research topic itself addressed
in the study, the relationship between momentary and
retrospective judgments, provides empirical evidence
that it is necessary to sample �in-situ� while the ex-
perience takes place and to obtain on-line judgments
which are not a�ected by �cognitive distortions� such
as memory biases.
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