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ARTICLE INFO ABSTRACT

Keywords: It remains unclear whether the restorative effects of listening to natural sounds reflect the effects of the sounds
Natural sounds themselves or the influence of semantic labeling. This study examined whether manipulating sound-source at-
Restoration

tributions alters the self-reported restoration outcomes of listening to a 10-min running-river sound, as measured
by the Restoration Outcome Scale (ROS). We hypothesized that listening itself would increase restoration out-
comes without any source label (H1), that a “live-streamed from a national park” label would enhance the in-
crease described in H1 (H2), and that an “artificially synthesized” label would attenuate the increase described in
H1 (H3). In an online experiment, 168 subjects were randomly assigned to the “no-information (control),” “live-
streamed,” or “synthesized” label groups. ROS was measured at baseline (T0), post-stress-induction/pre-listening
(T1), and post-listening (T2); the labels were presented after the T1 ROS assessment, i.e., immediately before the
listening. A linear mixed-effects model supported H1 but not H2-H3: restoration outcomes increased similarly
across groups (no label effects). A post hoc qualitative analysis of the participants’ descriptions in their own
words indicated that the sound evoked visual imagery of natural environments even without source information.
These findings suggest that perceptual clarity of the sound source may itself act as an inherent label, indicating
that bottom-up (stimulus-driven) and top-down (cognitive-driven) processes may be inseparable when listening
to easily identifiable natural sound.

Sound-source attribution
Intrinsic restorative properties
Semantic labeling

Linear mixed-effects models

1. Introduction reported based on attention restoration theory (ART) (Kaplan & Kaplan,

1989; Ohly et al., 2016) and stress recovery theory (SRT) (Ulrich, 1983;

Increasing numbers of individuals currently living in urban areas
lack direct access to real green spaces (Home et al., 2012; United
Nations, 2019). Various demands of everyday urban life deplete resi-
dents' physical, psychological, and social resources, which may in
consequence impair their health (Collado et al., 2017). For the sake of
those populations’ health and well-being, it is important to enhance our
understanding of the restorative effects of exposure to digitally repli-
cated natural environmental cues while indoors. Restorative effect refers
to the replenishment of depleted adaptive resources, such as attention
(Hartig, 2004), and research on such effects of listening to natural
sounds indoors is emerging (Kong & Han, 2024; Ratcliffe, 2021; Ratcliffe
et al., 2013, 2020).

The restorative effects of listening to natural sounds have been

Ulrich et al., 1991). Two distinct constructs, both derived from ART and
SRT, have often been labeled as “restorative effects”: perceived restorative
potential and restoration outcomes. It is therefore important to distinguish
between these. Perceived restorative potential, typically measured using
instruments such as the Perceived Restorativeness Scale (PRS) (Hartig
et al., 1997; Korpela & Hartig, 1996) or the Perceived Restorativeness
Soundscape Scale (PRSS) (Payne, 2013; Payne & Guastavino, 2018),
captures individuals' evaluations of qualities which potentially produce
restoration, such as fascination or the sense of being-away from
everyday routines. In contrast, restoration outcomes, commonly
measured using the Restoration Outcome Scale (ROS) (Korpela et al.,
2008, 2010; cf. Hartig et al., 1998; Staats et al., 2003), reflect in-
dividuals’ subjective restorative experiences derived from exposure to
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the stimuli. The present study focuses on the latter and uses the term
“restorative effects” interchangeably with “restoration outcomes.”

Pre-test-to-post-test changes in self-reported restoration outcomes as
measured by ROS have been reported in studies on the restorative effects
of nature and natural stimuli, such as in-situ experiments in nature-walk
studies (Ojala et al., 2019; Takayama et al., 2014; Tyrvainen et al.,
2014), an indoor quasi-experiment of listening to natural sounds as a
means of restoration after stressful work (Suko et al., 2022), and online
experiments involving listening to natural sounds indoors (Suko &
Korpela, 2024; Suko, Saito, & Korpela, 2025). This series of evidence
informs the next question: Are natural sounds intrinsically restorative
regardless of their source attributions?

1.1. Effects of source attribution on the restorative effects of natural
sounds

Researchers have recently begun to explore the top-down, cognitive-
driven restorative process of natural-sound listening while controlling
for the bottom-up, stimulus-driven restorative properties of the sounds
per se. Sounds have an advantage over images in the easiness of the top-
down manipulation of ambiguous stimuli (Haga et al., 2016). For
example, Haga et al. conducted an experiment in which subjects listened
to the same continuous pink noise with different source attributions
(waterfall, machinery, or no explanation), and found that the subjects in
the natural label group reported greater psychological restoration than
those in the industrial label group (Haga et al., 2016). This result was
replicated by Koivisto and colleagues, who had subjects listen to an
ambiguous sound attributed to either nature (waterfall) or industry
(factory) and found that the natural attribute made the subjects feel
more pleasant and relaxed than the urban attribute (Koivisto et al.,
2022). These studies suggest that, in the psychological restoration pro-
cess, stimulus-driven and cognitive-driven processes may be distin-
guishable in some experimental contexts, at least when the stimuli are
ambiguous (Haga et al., 2016; Koivisto et al., 2022). In other words, it is
suggested that the restorative effect of natural sounds may stem not only
from hard-wired responses shaped by evolution but also from acquired,
positive association with nature (Haga et al., 2016).

To extend these findings, it is worth investigating the cognitive-
driven process of restoration deriving from different semantic labeling
externally imposed on the same natural sound. For instance, it would be
plausible to expect that natural sounds would produce greater restora-
tion outcomes when the source is described as being live-streamed from
natural environments far away from urban areas (vs. when the sounds
are unlabeled). This expectation rests on the assumption that the
perceived real-time synchrony between a sound source located in
remote nature and a listener would strengthen the senses of being-away
and soft fascination (ART). This label manipulation was motivated by a
study reporting that live-streamed natural sounds fostered the sense of
closeness to the places from which the sounds originated (Saito et al.,
2015). In contrast, labels of artificial connotations, e.g., “this sound
was artificially synthesized,” would attenuate the restorative effects of
natural sounds (vs. when the sounds are unlabeled), assuming that
artificial connotations are typically associated with non-restorative
features.

1.2. Methodological considerations and design choices

In assessing the source-attribution effects concerning restorative
natural sound, it should be noted that both ART and SRT assume
restoration following a preceding depletion of attentional resources or
increase in stress (R. Kaplan & Kaplan, 1989; Ulrich et al., 1991).
Therefore, a nature-related intervention should be preceded by a
cognitive-depletion or stress-induction task, as implemented in several
earlier studies (Alvarsson et al., 2010; Annerstedt et al., 2013;
McDonnell & Strayer, 2024; Van Oordt et al., 2022). In addition,
assessing the sound-source attribution effect of “live-streamed” natural
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sounds also necessitates controlling for potential confounding factors.
Although not necessarily shown in the context of indoor experiments
involving listening to natural sounds due to the limited number of such
studies, several existing studies have consistently reported positive as-
sociations between restorative experience and recent (adulthood) nature
exposure (Korpela et al., 2014), between restorative experiences in fa-
vorite places and childhood nature experience (Korpela et al., 2008),
between nature connection and attention restoration experienced
through seeing natural landscapes (Tang et al., 2015), and between the
affective evaluations (e.g., pleasantness) of natural sounds and levels of
stress recovery (Aletta et al., 2018). Taken together, it would be
necessary to control for these factors as covariates to isolate the
restorative effects deriving from source attributions of a natural sound.

1.3. Objectives

It should be noted that the source-attribution effects examined in this
study refer to an experimental manipulation of externally provided la-
bels attached to an identical sound stimulus, rather than to participants’
directly measured perceptual or attitudinal judgments. This manipula-
tion is conceptually related to, but distinct from, constructs such as
perceived naturalness, technology acceptance, and expectancy discon-
firmation. These constructs may represent perceptual, evaluative, or
expectancy-related processes through which source-attribution effects
may operate, but they were not directly measured in the present study.
Accordingly, our aim was not to empirically disentangle these adjacent
constructs.

Based on these premises, this study aimed to investigate whether/
how the manipulation of sound-source attributions of a 10-min running-
river sound would affect the self-reported restoration outcomes as
measured by the six-item Restoration Outcome Scale (ROS) (Korpela
et al., 2008, 2010) while controlling for subjective levels of adulthood
nature exposure, childhood nature exposure, self-nature connection, and
the affective evaluation (i.e., pleasantness and liking) of the natural
sound. Our research question was, “Do the source attributions of a
natural sound, such as ‘being live-streamed’ or ‘artificially synthesized,’
or lack thereof, influence the restoration outcomes of listening to the
sound?” Based on this, we proposed the following hypotheses.

Hypothesis 1. When no source label is externally imposed, listening to
natural sound for 10 min significantly increases individuals' self-
reported restoration outcomes (vs. before listening).

Hypothesis 2. Compared to when no source label is externally
imposed, explaining that the natural sound is “being live-streamed from
a national park” further increases self-reported restoration outcomes
beyond the increase described in Hypothesis 1.

Hypothesis 3. Compared to when no source label is externally
imposed, explaining that the natural sound is “artificially synthesized”
attenuates the increase in self-reported restoration outcomes described
in Hypothesis 1.

Here, the length of the natural-sound listening (i.e., 10 min) was
determined in accordance with earlier studies on the self-reported
restorative effects of natural sounds (Suko et al., 2022; Suko &
Korpela, 2024; Suko, Saito, & Korpela, 2025).

2. Method

The preregistered research question, hypotheses, and experimental
design are shown in the OSF Registries (https://osf.io/4kwvz/?
view_only=bladab8a8b3848eb993d5303307f0417). The Supplemen-
tary Materials are also available in the OSF Registries (https://osf.
io/j8ca3/?view_only=cde6c8263e534d9887df0a52c1b13d14).
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2.1. Participants

The online experiment was conducted in spring 2023 and 2024. All
subjects were university students attending an introductory psychology
course at Tampere University, Finland. We recruited them by posting an
invitation message on an online learning platform for the course. The
letter of invitation explained that the purpose of the experiment was to
investigate how people's experiences or habits of spending time in the
natural environment are related to their perceptions of environmental
sounds. Participants received course credits in return for their partici-
pation, but they were not obliged to participate in this study because
they were still provided with opportunities to take part in other studies
to obtain the necessary number of course credits. No ethical review was
required because this non-invasive study does not meet any of the six
conditions that require ethical review as stipulated by the Ethics Com-
mittee of the Tampere Region (Tampere Universities). Nevertheless, we
conducted this research in accordance with the committee's guidelines
and obtained informed consent from all subjects. Specifically, subjects
received an information sheet and a data privacy notice document prior
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to participation, and only those who had read and agreed to the stated
conditions could continue. Subsequently, upon accessing the online
survey platform, subjects were asked to read and provide consent via an
informed consent form displayed on the first page. Only those who
provided consent were permitted to participate. Data collected were
anonymized by replacing subjects' names with unique subject IDs. The
sample size is detailed later in Section 2.5, “Data exclusion and final
sample size.”

2.2. Natural sound type

Using genuinely live-streamed natural sounds in psychological ex-
periments is problematic, as their variable content may confound par-
ticipants’ self-reported restoration. Given the early stage of this
research, we instead used a pre-recorded sound clip presented with a
“false” explanation that it was live-streamed, thereby allowing direct
comparison of source-attribution effects. The sound of a running river
was chosen because its acoustic properties remain relatively stable
across time and seasons, making the live-stream explanation credible

| Open the online experimental platform |

* \

Demographic information |

. 4

Questionnaires for covariates |
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Fig. 1. Experimental procedure.

Note. The open-ended questions about their impressions of the whole experiment, which is shown immediately above “Submit a response,” elicited subjects' feedback
on the whole experimental procedure to improve protocols of future research. Therefore, the results of these questions are not reported in this article.
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regardless of when participants listened. This sound also reduces vari-
ability in familiarity: while birdsong comprises a wide range of species-
specific calls (Saito et al., 2015), listeners are generally more uniformly
familiar with river sounds.

2.3. Design and procedure

Students who registered for participation were randomly assigned to
one of three experimental conditions in which a natural sound was
provided with 1) no source label (i.e., the no-information control group),
2) a label explaining that it was the sound of a running river being live-
streamed from a national park in Finland (i.e., the live-streamed group),
and 3) a label explaining that it was an artificially synthesized sound
replicating the sound of a running river (i.e., the synthesized group).
Participants in each group received an email that contained a unique
link to their respective experimental platform, but the label information
was not yet disclosed to them. This email also instructed them to use
their PC and headphones when participating. Fig. 1 illustrates the pro-
cedure of the online experiment. Participants in all three groups fol-
lowed a common procedure from the beginning of the experiment until
the start of the natural-sound intervention phase. ROS was measured
three times: at baseline (T0), after a stress-induction task and before
listening to the natural sound (T1), and after listening to the natural
sound (T2).

The baseline phase included a brief audio-adjustment task in which a
30-s pre-recorded instruction instructed participants to use headphones
and adjust the playback volume of their PC so that the recorded in-
struction was perceived as comparable to that of a person speaking next
to them, based on the same script used in an earlier study (Suko &
Korpela, 2024). The participants were not allowed to adjust playback
volumes after completing this task. In addition, all three audio files used
in the present study (i.e., the 30-s test audio, 5-min road-traffic noise
used in the stress-induction task, and the 10-min natural sound) were in
WAV format (16-bit, 44.1 kHz) and were normalized to the same target
loudness (—23 LUFS) at the file level. Thus, although absolute listening
levels depended on each participant's playback setting, the
audio-adjustment procedure ensured that each participant was exposed
to the auditory stimuli in a constant self-selected playback setting
throughout the experiment. This procedure was adopted because the
present study focused on subjective restorative experience under
ecologically valid listening conditions rather than on laboratory-level
acoustic calibration. All the audio files and a brief acoustic summary
(e.g., waveforms, spectrograms, and frequency spectra) of the
road-traffic noise and running-river sound are provided in the Supple-
mentary Materials.

In the phase of the stress-induction task, the participants were
exposed to a 5-min road-traffic noise recorded in a busy street, which
was intended to cause the subjects some slight stress. Using urban-
related stimuli before exposure to potentially restorative natural stim-
uli is theoretically and empirically justified in research on restorative
environments, as the former (e.g., road-traffic noise) has been reported
to inhibit restoration, increase tension, fatigue, negative emotions, and
is less preferred than natural sounds (Kong & Han, 2024). After the task,
we measured the affective evaluation of the road-traffic noise to include
it as a covariate in a manipulation check that examined the negative
effect of the stress-induction task on restoration outcomes (details are
shown later in Section 3.2, “Manipulation check results™).

The participants then entered the natural-sound intervention phase.
The first page of this phase displayed the source-label information spe-
cific to each group. The full wording of the label information in each
group is provided verbatim in the Appendix. Having read and under-
stood the label information, they proceeded to the next page, on which
the running-river sound was played, while the source-label information
was continuously displayed on the monitor. Regarding the set of post-
intervention questionnaires, the content of the open-ended question
for the no-information control group differed slightly from that for the
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with-label groups, and details are provided in Section 2.4.3, “Open-
ended question (OEQ).”

2.4. Measures

2.4.1. Outcome variable

Self-Reported Restoration Outcome was the outcome variable,
measured by the Restoration Outcome Scale (ROS), which measures
general restorative experiences based on six items rated on a seven-point
Likert scale (Korpela et al., 2008, 2010). Three of the items reflected
relaxation and calmness (“I feel calm,” “I have enthusiasm and energy
for my everyday routines,” and “I feel restored and relaxed™), one item
reflected attention restoration (“I can concentrate well and feel alert™),
and two items reflected clearing one's thoughts (“I can forget everyday
worries” and “My thoughts are clear”) (Korpela et al., 2008). This scale
was developed in accordance with several previous measures and find-
ings of restoration outcomes (Hartig et al., 1998; Kaplan et al., 1993;
Staats et al., 2003).

2.4.2. Covariates

Adulthood and childhood nature exposure were measured using
the (Retrospective) Nature Exposure Scale II ((R)NES-II), established
questionnaires assessing the extent to which people are exposed to na-
ture both in everyday life and activities and the frequency of physical
activities in nature-rich environments (Wood et al., 2019). The NES-II
comprises six items rated on a five-point Likert scale, for example, Q1:
“In your everyday home, travel and work environments and activities,
please rate your level of exposure to natural environments” (5 = High —
Most of my everyday environments is natural, 1 = Low — Very little of
my everyday environments is natural). The Retrospective Nature
Exposure Scale II (RNES-II) is almost identical the NES-II but focuses on
respondents’ experience during childhood (Wood et al., 2019).

Self-nature connection (in adulthood) was measured using the
Extended Inclusion of Nature in Self Scale (EINS) (Martin & Czellar,
2016), which is meant to assess the extent to which an individual in-
cludes nature within her/his cognitive representation of self, and is an
extended version of the Inclusion of Nature in Self Scale (INS) (Schultz,
2001, 2002). The EINS is a graphical questionnaire consisting of four
rows and seven columns. The rows correspond to the items (overlap,
size, distance, and central) that indicate the type of an individual's
self-nature connection, while the columns represent a seven-point scale.
The items were, for instance, Q1: “Please choose the picture below
which best describes your relationship with the natural environment.”

Affective evaluation of the natural sound was measured by an
original questionnaire — developed for the present study - eliciting re-
spondents’ self-reported sense of the pleasantness of and liking for the
natural sound. This questionnaire comprised two questions, “Q1. To
what extent was the sound pleasant to you?” and “Q2. To what extent
did you like the sound?” and these were assessed with a seven-point
Likert scale (1 = very bad, ..., 4 = neither good nor bad, ..., 7 = very
good). We averaged the scores for Qs 1 and 2 for the natural sound and
included the mean score as a covariate “affective evaluation.” Note that
the affective evaluation of the stress-induction task was also measured in
the same way for a manipulation check of the effect of the task.

2.4.3. Open-ended question (QEQ)

After listening to the natural sound, subjects answered an open-
ended question (OEQ) eliciting their impressions of the natural sound.
The OEQ differed slightly between the no-information group (OEQ1)
and the other two groups (live-streamed and synthesized) (OEQ2), as
shown in Table 1. Responses to OEQ 1 were used for the manipulation
check of whether the subjects guessed the correct sound source, i.e., a
running river in nature, when the source information was not disclosed.
In addition, both OEQs (1) and (2) were used for a post hoc exploratory
qualitative analysis (for more details, see Section 2.8). All responses to
these OEQs are included in the Supplementary Material.
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Table 1
Open-ended questions after the listening session.
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Intervention group Open-ended question (OEQ)

1. No-information OEQ1

“Please guess what kind of sound you have just listened to now (e.g., sound type, the place/location where this sound comes from, the situation with

which you have associated this sound, etc.). You can freely describe here.”

2. Live-streamed OEQ2
and
3. Synthesized

“What kind of situation have you associated the sound with? You can freely describe here.”

2.5. Data exclusion and final sample

We excluded data according to the process illustrated in Fig. 2. After
excluding invalid responses (where the online experimental platform
detected interruptions or unnecessarily long participation time) (Stage
1) and valid responses with outliers (identified using the Tukey boxplot
rule) (Stage 2), we had a final sample size of N = 168 (n = 59 for the no-
information group, n = 58 for the live-streamed group, and n = 51 for
the synthesized group) (Fig. 2). Their age ranged from 20 to 53 (M =
25.9, SD = 6.21), and 88.7% were women (men = 10.1%, prefer not to
say = 1.2%). The age range suggests the inclusion of non-typical stu-
dents, likely reflecting the lifelong learning opportunities inherent in the
Finnish education system. The gender imbalance can be explained by the
female dominance among psychology majors in Finland. All the main
analyses hereinafter are based on this sample size unless otherwise
stated. Details for the exclusion criteria in Exclusion Stages 1-2 are
provided in the Supplementary Material.

2.6. Statistical analyses

We first checked the frequency distributions of the ROS summary
scores at Ts 0-2 in each label group and concluded that there was no
ceiling/floor effect in these scores. We then built a linear mixed-effects
model (LMM) (Fitzmaurice et al., 2011) by using “lme4” package (Bates
et al., 2015) in R Statistical Software version 4.3.1 (R Core Team, 2022).
The dependent variable was the ROS summary score as a continuous
variable ranging from 1 to 7. The fixed effects were the label group as a
categorical variable (Group 1 = no information, Group 2 = live--
streamed, Group 3 = synthesized; the no-information group was the
reference level), the time as a categorical variable (TO = baseline, T1 =

after the stress-induction task and before listening to the natural sound,
T2 = after listening to the natural sound; T1 was the reference level),
and the three covariates as continuous variables (RNES-II, EINS, and
affective evaluation). NES-II was not included as a covariate in the LMM
due to its low internal consistency (details given the following para-
graph). The model also included the two-way interaction terms of the
label group and time as fixed effects, whereas the covariates were
entered solely as main effects. The random effect was Subject ID (1-168).
Statistical significance was determined using an alpha level of 0.05.

It should be noted that our preliminary analysis showed that Cron-
bach's alpha for NES-II was low (0.61), while the alphas for the other
questionnaire scores were high: 0.91 for ROS at TO, 0.92 for ROS at T1,
0.90 for ROS at T2, 0.74 for RNES-II, 0.77 for EINS, and 0.91 for natural-
sound pleasantness. The alpha for NES-II did not increase even when an
item was dropped. The low internal consistency of NES-II may have been
due to relatively homogenous (and higher) levels of adulthood nature
exposure, possibly stemming from the pro-environmental cultural
background prevailing in Finnish society (Suko, Kankaanpaa, &
Grassini, 2025). Additionally, NES-II and RNES-II were positively
correlated with each other (see Supplementary Material). Thus, we
compared the fits of LMMs with and without NES-II using the Akaike
information criterion (AIC), finding that the models without NES-II had
lower AICs than those with NES-II. Therefore, we omitted NES-II from
the model.

The analyses proceeded in three steps: (a) model-level omnibus tests
using likelihood ratio tests comparing nested models fitted with
maximum likelihood (REML = FALSE), (b) intervention-relevant T1-T2
contrast tests where appropriate, and (c) interpretation of fixed-effect
parameter estimates from the LMM refitted using restricted maximum
likelihood (REML = TRUE).

Stage 1: Stage 2:
Registered for Completed Exclusion of Exclusion of
experiment participation invalid responses responses with
outliers
Total: N = 205 Total: N= 184 Total: N= 168
Included Total: N =229 »|Group 1: n=70 » Group 1: n = 65 Group 1: n =59
Group 2: n =66 Group 2: n =59 Group 2: n =58
Group 3: n =69 Group 3: n =60 Group 3: n =51
Total: N=21 Total: N=16
Excluded Total: N=24 »{Group 1: n=5 Group 1: n=6
Group 2:n=7 Group2:n=1
Group 3:n=9 Group 3:n=9

Group 1: No-information control
Group 2: Live-streamed
Group 3: Artificially synthesized

Did not show up

Met at least one of
Exclusion Criteria A1-A2
(see Supplementary Material)

Fig. 2. Data exclusion process.

Had outlier(s) in
at least one of
the variables
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2.7. A priori power calculation

Although there is no consensus about the a priori sample size deter-
mination for LMMs, we conducted power calculation using the simr
package in R (Green & MacLeod, 2016; R Core Team, 2022) to estimate
the sample size. The effect-size parameters were simulated as follows:
(a) the mean ROS score (ranging from 1 to 7) at T1 (after the baseline
and before listening to the natural sound) would be the same across the
groups, i.e., 4.00; (b) the 10-min natural sound would increase the ROS
score by 1.0 in the no-information group; (c) the “live-streamed” label
would further increase the ROS score by 1.2 beyond the 1.0-point in-
crease described in (b); and (d) the “synthesized” label would attenuate
the ROS score by 0.60 compared to the 1.0-point increase described in
(b). These effect sizes were specified based on the findings of Suko et al.
(2022), which reported LMM-estimated pre-post changes in ROS
resulting from 10 min of indoor listening to natural sounds, as it was the
only such study available when the present study was conceptualized.
Namely, they reported a 1.16 increase in the ROS score through listening
to natural sounds for 10 min indoors." A power curve generated by the
simr package showed that power was higher than 0.80 when the number
of participants in each intervention group was greater than 28 (i.e., 28 x
3 = 84 in total), leading us to determine the minimum sample size to be
30 per group x 3 groups = 90.

In response to reviewer feedback, we additionally conducted a power
simulation under more conservative assumptions, in which the effect
sizes were set at 75% of the originally assumed magnitudes (+0.75,
+0.90, —0.45). This conservative simulation showed that, to achieve a
power of 0.80, the minimum sample size required is N = 150 (n = 50 per
group). Given that the final sample size in the present study was N = 168
(n =59, 58, 51 per group), this result indicates that the study was suf-
ficiently powered to detect moderate-to-large within-subject changes,
whereas smaller source-attribution effects would require larger samples.

2.8. Exploratory qualitative analysis of open-ended responses (post hoc)

Although not preregistered, in accordance with reviewer recom-
mendations, a post hoc, exploratory qualitative analysis of participants’
responses to the open-ended questions (i.e., OEQs 1 and 2 shown in
Table 1) was conducted. This analysis aimed to provide useful context
for interpreting the quantitative findings of the preregistered confir-
matory analysis. Drawing on Ratcliffe and Korpela (2016), the first
author of the present paper specified seven coding categories: (a) visual
imagination; (b) auditory imagination; (c) any references to smell/-
touch/taste; (d) natural surroundings; (e) urban/artificial surroundings;
(f) people (family, friends, etc.); and (g) autobiographical memories. It
should be noted that the ART components, i.e., being-away, fascination,
extent, and compatibility (R. Kaplan & Kaplan, 1989), were purposefully
not included in these categories. Although ART specifies higher-order
experiential components, these constructs are epistemic and require
interpretive coding procedures that were beyond the scope of this
post-hoc exploratory analysis. The coding instructions are provided in
the Supplementary Material.

The second author and a third researcher (whose contribution is
acknowledged in the Acknowledgments section) served as coders. Based
on the structured, theory-informed scheme mentioned above, the two
coders independently coded each response as either 1 (presence) or
0 (absence) for each category. The categories were not mutually
exclusive. Interrater reliability was assessed by calculating Cohen's k
values and percentage agreement. After the assessment of interrater
reliability, final coding was determined conservatively: a category was
coded as present (1) only when both coders independently identified its

! The original LMM parameter estimate reported in Suko et al. (2022) was
6.96, which was based on the ROS total score (i.e., not divided by 6, the number
of items). Therefore, we converted it to 1.16 (=6.96/6) here.
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presence.
3. Results
3.1. Descriptive statistics

Table 2 shows the descriptive statistics of the variables. The group
mean of the observed ROS summary score at each time (T0, T1, and T2)
for each label group is presented in Fig. 3. All three label groups
exhibited a similar pattern such that the ROS score first dropped from TO
to T1 and rose from T1 to T2 (Fig. 3). Note that these observed means do
not account for the covariates; the significance test results for the stress-
induction task and the natural-sound intervention are reported in the
following sections. Pearson's correlations of the variables are detailed in
the Supplementary Material.

3.2. Manipulation check results

3.2.1. Effects of the stress-induction task

Before proceeding to the hypothesis tests, a separate LMM was fitted
to examine whether the stress-induction task led to changes in ROS
scores from baseline (TO) to post-stress-induction (T1), and whether this
change differed across label groups. The model included fixed effects of
Time, Group, and their interaction, as well as centered covariates
(RNES-II, EINS, and the affective evaluation of the stress-induction task),
with a random intercept for Subject ID. Likelihood ratio tests using
maximum likelihood estimation were conducted to evaluate model
terms. Removing the Time x Group interaction from the full interaction
model did not significantly impair model fit, y*(2) = 4.93, p = .085.
Also, removing Group from the additive model did not significantly
impair model fit, ¥*(4) = 5.67, p = .225. In contrast, removing Time
from the additive model significantly impaired model fit, X2(3) =35.18,
p < .001, demonstrating a significant overall change from baseline to
post-stress. Parameter estimates from the final model (fit using REML)
showed that, when the covariates were controlled for, T1 (vs. TO) had a
significant effect on ROS scores, = —0.36, SE = 0.11, 95% CI [—0.58,
—0.14], t = —3.23. Together, these results confirm that the stress-
induction task produced a moderate decrease in ROS scores from base-
line (TO) to post-stress-induction (T1), and this change was practically
similar across groups.

3.2.2. Identifiability of the true sound source

A key premise of this study is that the natural sound is unambiguous
(i.e., its source is identifiable), as opposed to ambiguous sounds such as
pink noise (Haga et al., 2016; Koivisto et al., 2022). To verify this
premise, we conducted an assumption check on the river sound used in
this study. Notably, we checked the subjects’ responses to OEQ1 (i.e.,
how they guessed the source of the sound in the no-information group).
These are summarized in Table 3. Among the 59 subjects assigned to the
no-information group, all associated the sound with water in some form,
and 71% specifically with a running river in nature. In addition, only
four out of the 59 subjects associated the water-related sound with
anthropogenic or urban sources. Given these results, we considered that
the assumption was met.

3.3. Main confirmatory LMM analysis

3.3.1. Model-level omnibus tests

The model-level significance of the Group x Time interaction and the
main effects of Group and Time was examined using omnibus likelihood
ratio tests based on nested model comparisons. Removing the Group x
Time interaction from the full interaction model did not significantly
impair model fit, y*(4) = 4.15, p = .386. Removing Group from the
additive model likewise did not significantly impair model fit, y*(2) =
0.84, p = .658. In contrast, removing Time from the additive model
impaired model fit significantly, ¥%(2) = 123.81, p < .001,
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Table 2
Descriptive statistics of the variables.
Skewness Kurtosis
Group M Mdn  SD Skewness  SE Kurtosis ~ SE
ROS summary score at TO (baseline) No info 4.25 4.17 1.05 -0.53 0.31 -0.16 0.61
Live- 4.27 4.67 1.40 —0.41 0.31 -0.73 0.62
streamed
Synthesized 4.26 4.33 0.84 —-0.41 0.33 0.06 0.66
ROS summary score at T1 (after the stress-induction task and before listening to the natural No info 3.89 400 1.06 -0.31 0.31 0.05 0.61
sound) Live- 4.05 4.00 1.32 —-0.14 0.31 —0.62 0.62
streamed
Synthesized 3.67 3.67 1.02 —0.38 0.33 —-0.18 0.66
ROS summary score at T2 (after listening to the natural sound) No info 474 467 083 -0.14 0.31 —0.63 0.61
Live- 491 4.83 1.21 —-0.14 0.31 —0.65 0.62
streamed
Synthesized 4.71 4.67 0.97 —0.07 0.33 —0.38 0.66
Childhood nature exposure (RNES-II) No info 405 400 057 —0.11 031 —0.96 0.61
Live- 4.05 4.00 0.55 0.07 0.31 —0.63 0.62
streamed
Synthesized 4.05 4.17 0.49 —0.31 0.33 0.06 0.66
Self-nature connection (EINS) No info 4.95 5.00 0.95 —0.34 0.31 —0.41 0.61
Live- 4.75 4.75 0.78 0.21 0.31 —-0.37 0.62
streamed
Synthesized 4.72 4.75 0.90 —0.16 0.33 0.47 0.66
Affective evaluation of the natural sound No info 569  6.00 1.23 -0.92 0.31 —0.14 0.61
Live- 5.91 6.00 0.86 —0.56 0.31 —0.35 0.62
streamed
Synthesized 5.56 5.50 1.18 —0.44 0.33 -0.71 0.66

Note. ROS summary score: the average across the scores for the six items of the ROS questionnaire. N = 168 (n = 59 for the no-information group, n = 58 for the live-

streamed group, and n = 51 for the synthesized group).
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Fig. 3. Observed group means ROS score in each label group.
Note. The y-axis is truncated to enhance readability; the full theoretical range of
the ROS is 1-7. Error bars are 95% CI.

demonstrating a strong overall effect of time on ROS scores.

3.3.2. Intervention-relevant contrast

Because the omnibus tests described above include comparisons with
baseline (T0), an additional planned contrast was conducted to specif-
ically test the change from post-stress and pre-intervention (T1) to post-
intervention (T2). This contrast showed a significant difference in ROS

Table 3
Guessed sound source in the no-information group.
Category Source type Number of Percentage
subjects
Natural River* 42 71.2
Waterfall 10 16.9
Rain 8 13.6
Melting snow/ice 6 10.2
Fountain, spring 6 10.2
Lake, pond, or sea 3 5.1
Ice hole place 1 1.7
Anthropogenic or Shower, tap, urination, 4 6.8
urban artificial brook/stream,
waterpipe
Unknown Just "water" 2 3.4

Note. n = 59 (i.e., corresponding to Stage 2 in Fig. 2). *The source type “river”
includes “stream,” “brook,” “rapids,” “creek,” and “puro” [small stream in
Finnish]. The summations of the numbers and percentages exceed the total
sample size (i.e., n = 59) and 100% because multiple answers were allowed. For
example, some of the subjects mentioned stream, waterfall, and melting snow
simultaneously.

scores between T1 and T2, b = 0.91, SE = 0.08, 95% CI [0.76, 1.06], t =
12.15, p < .001.

3.3.3. Fixed effect parameter estimates

Parameter estimates from the full interaction model are presented in
Table 4. Multicollinearity was not a concern, with VIF/\(1/2DF)s for the
fixed effects ranging from 1.00 to 1.07. The model showed that listening
to the natural sound for 10 min significantly increased ROS scores in the
no-information control group, 2 = 0.85, 95% CI [0.60, 1.10] (Table 4).
However, compared to the no-information control group, the live-
streamed label did not significantly change the restorative effect of the
natural sound, ffy = 0.01, 95% CI [—0.34, 0.36] (Table 4), contrary to
our expectation that the label would enhance the restoration outcomes.
Nor did the synthesized label significantly change the restorative effect of
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Table 4
LMM prediction of the ROS score (final model).
Fixed effect Term Estimate SE Statistic 95% CI 95% CI
(low) (high)
B (Intercept) 3.90 0.14 27.15 3.61 4.18
B TO (vs. T1) 0.36 0.13 2.84 0.11 0.61
B2 T2 (vs. T1) 0.85 0.13 6.72 0.60 1.10
B3 Live-streamed 0.13 0.20 0.65 -0.27 0.53
B4 Synthesized -0.21 0.21 -0.99 —0.62 0.20
Bs Childhood nature exposure (RNES-II) 0.06 0.15 0.42 —0.22 0.35
Bs Self-nature connection (EINS) —0.04 0.09 —0.40 -0.21 0.14
[ Affective evaluation of the natural sound 0.10 0.07 1.49 —0.03 0.23
Ps TO*Live-streamed —-0.13 0.18 -0.75 —-0.49 0.22
Bo T2*Live-streamed 0.01 0.18 0.07 —0.34 0.36
B1o TO*Synthesized 0.23 0.19 1.22 -0.14 0.59
P11 T2*Synthesized 0.19 0.19 1.00 -0.18 0.55
Random effect Term SD
SD (Intercept) 0.86
SD (Residual) 0.69

Note. Bold face indicates significance. All the covariates (childhood nature exposure, self-nature connection, and affective evaluation of the natural sound) were mean-
centered. The LMM parameter estimate for TO (vs. T1) cannot be (and should not be) compared with that for T2 (vs. T1) due to the different exposure durations (i.e., 5-

min stress induction; 10-min natural sound listening).

the natural sound, f;; = 0.19, 95% CI [—0.18, 0.55] (Table 4), contrary
to our expectation that the label would attenuate the restoration
outcomes.

3.4. Exploratory qualitative analysis for open-ended responses (post hoc)

The exploratory qualitative analysis for the open-ended responses
showed that, when coding was considered across all participants (N =
168), the percentage of category presence ranged from 3.0% to 86.3%
across the seven categories. Unweighted « values ranged from 0.18 to
0.70 across the seven categories, whereas percent agreement ranged
from 69.6% to 96.4%. Although some of the k values were relatively
low, this should be interpreted in light of the well-documented preva-
lence paradox of Cohen's k: in binary or other categorical coding settings
where one category is markedly prevalent, kK may remain low despite
high observed agreement (Zec et al., 2017). Accordingly, we interpret
the k values together with percent agreement as indicating at least
moderately acceptable interrater agreement for the limited descriptive
role of this analysis.

Table 5 presents the resulting frequency of category presence by
group in the final coding, in which a category was coded as present (1)
only when both coders independently identified its presence. Across
groups, visual imagination and references to natural surroundings were
common, whereas the remaining categories (e.g., auditory imagination,
references to people) occurred less frequently.

An illustrative example of the open-ended responses from each label
group containing both visual imagination and references to natural
surroundings is presented below (verbatim):

The no-information group:

Table 5
Frequency of category presence by group.

Brook or a small spring. Perhaps the spring I know exists at [city],
near [district]. I have been there maybe twice as a teenager. The
other time was very memorable. We had a new puppy and we went to
a long walk on a very hot day. He barely could walk when I realized
he was thirsty. I partially carried him to the spring to have a drink ...

(Subject ID 55; location names were anonymized, and minor omis-
sions are indicated by ellipses)

The live-streamed group:

The initial situation that came to my mind was walking down a path
next to a river in Nuuksio national forest during spring. I have vivid
memories of taking videos and observing a still semi-frozen river and
seeing how the sunlight reflects off the surface of the water as well as
the ice on top.

(Subject ID 138)
The synthesized group:

Me being alone somewhere near the water. Possibly at my sommer
[sic] cottage in the summer. Sun is shining and I'm on the rowing
boat.

(Subject ID 37)

These excerpts are presented solely for a descriptive illustration of
response content. The present study did not aim to conduct a formal
thematic analysis of the open-ended responses.

Category Group

No-info (n = 59)

Live-streamed (n = 58) Synthesized (n = 51)

Count % of total Count % of total Count % of total
A: Visual imagination 44 74.58 32 55.17 29 56.86
B: Auditory imagination 7 11.86 0 0 2 3.92
C: Smell/touch/taste 3 5.08 8 13.79 11 21.57
D: Natural surroundings 52 88.14 46 79.31 42 82.35
E: Urban/artificial surroundings 8 13.56 3 5.17 3 5.88
F: People (family, friends, etc.) 0 0 5.17 2 3.92
G: Autobiographical memories 5 8.47 11 18.97 7 13.73
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4. Discussion

4.1. Robustness of the confirmatory quantitative findings and effect size
considerations

This study investigated whether/how the manipulation of sound-
source attributions of a natural sound would affect the self-reported
restoration outcomes as measured by the six-item Restoration
Outcome Scale (ROS) (Korpela et al., 2008, 2010) while controlling for
subjective levels of childhood nature exposure, self-nature connection,
and the affective evaluation (i.e., pleasantness and liking) of the natural
sound. The model-level omnibus tests revealed a significant main effect
of Time, whereas neither the Group x Time interaction nor the main
effect of Group was significant. The additional intervention-relevant
T1-T2 contrast also showed a significant difference in ROS between
T1 and T2. Moreover, the LMM parameter estimates showed that the
fixed effect of T2 (vs. T1) was significantly positive, and the manipula-
tion check revealed that all the participants in the no-information group
associated the sound with water in some form. These results appear to be
consistent with H1 (namely that the natural sound was restorative in the
no-information group) but to be contradictory to H2 (namely that the
“live-streamed” label positively modulates restoration) and H3 (namely
that the “synthesized” label negatively modulates restoration). The
following paragraphs discuss the robustness of the findings in light of the
statistical power and effect sizes derived from the LMM parameter
estimates.

Concerning H1, the LMM parameter estimate for the fixed effect of
T2 (vs. T1)—which corresponds to the restorative effect in the no-
information group—was 0.85, 95% CI [0.60, 1.10], in the present
sample (N = 168). The conservative power analysis, conducted in
response to reviewer's suggestion, indicated that an effect size of 0.75 for
the fixed effect of T2 (vs. T1) would require a sample of N = 150 to
achieve a power of 0.80 (see Section 2.7, "A priori power calculation").
As the present sample exceeded this requirement and the observed effect
was at least as large as this assumption, the present study was
adequately powered to detect an effect of this magnitude.

Moreover, the observed effect size (i.e., the LMM parameter esti-
mate) of 0.85 for the restorative effect in the no-information group
corroborates the findings of earlier studies based on similar experi-
mental and analytical designs. Namely, those studies demonstrated that
listening to unlabeled natural sounds for 10 min indoors increased the
ROS score by 0.66-0.82, as estimated by LMM parameters (Suko &
Korpela, 2024; Suko, Saito, & Korpela, 2025). These alignments of ef-
fect size levels and methodological/analytical approaches across studies
suggest that the restorative effect of the natural sound observed in the
present study has some degree of generalizability and external validity.
Such cross-study convergence reinforces the robustness of the evidence
for H1. This robust support for H1 also provides an appropriate empir-
ical context in which to examine whether externally imposed source
labels modulate restorative effects (Hs 2 and 3)—which was not
supported.

Regarding Hs 2 and 3, both interaction estimates of T2 (vs. T1) x

Table 6
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Live-streamed and T2 (vs. T1) x Synthesized were close to zero, and their
95% confidence intervals straddled zero with hardly any consistent
directional trend. In addition, the power analysis and the clearly sig-
nificant fixed effect of T2 (vs. T1) suggest that the present study was
adequately powered to detect moderate interaction effects. Thus, these
null results most likely indicate negligible source-attribution effects
rather than undetected true effects, thereby strengthening the robust-
ness of the non-support for Hs 2 and 3. Taken together with the support
for H1, the present study found that listening to the sound of a running
river for 10 min improved self-reported restoration outcomes as
measured by ROS even when no source label was externally imposed,
and neither the “live-streamed from a national park in Finland” nor the
“artificially synthesized” labels changed the magnitude of restoration
outcomes.

4.2. Contextual insights from exploratory qualitative observations

Exploratory qualitative patterns in the open-ended responses offer
contextual insight into the quantitative findings. Notably, references to
natural surroundings were frequently observed even in the no-
information group (88%), suggesting that listening to the sound often
evoked visual images of natural environments even in the absence of
explicit source attribution. More broadly, participants’ responses indi-
cate that exposure to the sound of a running river evoked imagined
landscapes rather than soundscapes or purely auditory impressions. In
light of this contextual support, the following section interprets the
potential mechanisms of restoration primarily based on the confirma-
tory quantitative findings.

4.3. Theoretical interpretation of restoration mechanisms

The empirical evidence from a running-river sound used in the pre-
sent study suggests that unambiguous, easily identifiable natural sound
may be intrinsically restorative regardless of the external manipulation
of source attributions, at least when the sound is not so subject to sea-
sonal, diurnal, or regional changes or to differences in individuals’
knowledge (cf. birdsong). This immanence is ostensibly at odds with
earlier evidence for the effects of source attributions imposed on pink/
white noise (Haga et al., 2016; Koivisto et al., 2022), but this discrep-
ancy may be attributable to the level of ambiguity of sounds. That is,
when the sound source is easily identifiable as being of natural origin,
bottom-up (stimulus-driven) and top-down (cognitive-driven) processes
may not be dissociable (cf. Haga et al., 2016; Koivisto et al., 2022). This
counters the theoretical skepticism that such effects arise largely from
conceptual labels rather than from the sounds themselves.

To avoid confusion, it is important to note that although earlier
research on ambiguous sounds has described stimulus-driven (bottom-up)
and cognitive-driven (top-down) effects (Haga et al., 2016; Koivisto et al.,
2022), the present study proposes an analogous but distinct framework
for unambiguous, easily identifiable natural sounds: (1) a pre-cognitive,
evolutionarily driven, immediate effect, (2) a cognitive, spontaneous,
imagination-based effect, and (3) a cognitive-driven, label-based effect, as

A 2 (intrinsic or extrinsic) x 2 (bottom-up or top-down) matrix of the categories of restorative effects for ambiguous and unambiguous sounds.

Ambiguous sounds

Unambiguous sounds

Bottom-up Top-down Bottom-up Top-down
Intrinsic Stimulus-driven Pre-cognitive, evolutionarily driven, immediate
effect effect
Cognitive, spontaneous imagination-based
effect
Extrinsic Cognitive-driven, label-based Cognitive-driven, label-based effect

effect

Note. Intrinsic: restorative effects that do not rely on externally imposed source labels. Extrinsic: restorative effects manipulated by externally imposed labeling.

Bottom-up/top-down: the pre-cognitive or cognitive process of restoration.
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listed in Table 6. This distinction highlights that psychological restora-
tion resulting from unambiguous sounds cannot be reduced to the
mechanisms identified in studies with ambiguous sounds. Regarding the
three types of effects of unambiguous sounds (Table 6), the first two are
intrinsic (i.e., induced by the sounds themselves), while the third is
extrinsic (i.e., induced by externally imposed source labels). Importantly,
although both the second and third processes are “cognitive,” only the
imagination-based effect can be considered intrinsic, as it emerges
spontaneously from the sound itself.

Both intrinsic effects of unambiguous, easily identifiable sounds
proposed in the present framework (Table 6) corroborate the existing
body of literature. First, Ulrich's psycho-evolutionary theory and sub-
sequent SRT contend that water cues may signal survival-related re-
sources and safety, leading to restoration (Korpela et al., 2002; Ulrich,
1983; Ulrich et al., 1991). This could explain the pre-cognitive, evolu-
tionarily based immediate restorative effect possibly elicited by the river
sound in the present study. Second, the natural sound may also have
caused a cognitive-driven process of spontaneous imagination, whereby
listeners constructed restorative landscapes—rather than soundscapes,
as indicated by the exploratory qualitative observations—in their mind,
even without explicit labels. Such imagined landscapes may in turn have
acted as a pathway to being-away, soft fascination, or mind-wandering
(R. Kaplan & Kaplan, 1989; Williams et al., 2018), which ultimately
manifested as an increase in self-reported restoration outcomes
measured as ROS scores. These two intrinsic restorative processes may
have occurred interactively in the no-label control group of the present
study.

Furthermore, the absence of differences in restoration outcomes
between the label conditions in the present study suggests that exter-
nally imposed attributions (e.g., “live-streamed” or “synthesized”) may
change only imagined objects (e.g., contents of visual imagination about
natural surroundings, autobiographical memories), which may activate
the sense of being-away, soft fascination, or mind-wandering each in a
different way, which may then result in the same overall magnitude of
self-reported restoration outcomes as measured by ROS. Accordingly,
our prediction stated in the Introduction (namely that the live-streamed
label would elevate restoration levels by supporting a greater sense of
being-away and fascination) was not supported. Specifically, the

Restoration Outcomes
of Ambiguous Sound
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perceived temporal synchrony implied by the “live-streamed” label may
not necessarily have anchored the evoked imagery to the specific time
and place of the remote sound source. Auditorily evoked imagery, which
may be visually dominated (as indicated by the exploratory de-
scriptions), can readily involve distant past experiences, remote loca-
tions, or even imagined settings, and thus may operate largely
independently of whether the sound is believed to be occurring in real
time. Future studies could identify the detailed mechanism of such
imagination-based restoration processes. Moreover, it remains to be
tested whether other easily identifiable natural sounds, such as ocean
waves or birdsong, also produce similar restorative experiences. In
summary, Fig. 4 illustrates the hypothesized mechanisms of psycho-
logical restoration through listening to unambiguous natural sounds
juxtaposed with those of ambiguous sounds.

4.4. Possible related psychological processes

The present findings may also be interpreted in relation to several
conceptually related processes that were not directly measured here. For
example, source labels may influence perceived naturalness, which has
been associated with perceived restorativeness in environmental set-
tings (Fisher et al., 2021). Labels may also evoke evaluative responses
related to technology acceptance, especially when a sound is described
as synthesized rather than naturally occurring (Davis, 1989). In addi-
tion, labels may influence expectations prior to listening such that
subsequent evaluations partly reflect (dis)confirmation of expectation
(Bhattacherjee, 2001; Oliver, 1980). These constructs were not directly
tested in the present study, but they may represent plausible processes
through which source-attribution effects operate and could be examined
more directly in future research.

4.5. Limitations

Our study has several limitations. First, the stress-induction task used
in the present study relied on the auditory sense, as did the main
intervention (i.e., listening to a natural sound). As both phases involved
auditory stimulation, the restorative effect of the natural sound may
have been partially influenced by the immediate contrast between the

Stimulus-driven effect

L

Cognitive-driven effect

%

No label Artificial

Natural

Restoration Outcomes
of Easily Identifiable Sound

7

(positive)

Cognitive-driven effect
(negative)

Mixture of stimulus-driven effect and
imagination-based restorative effects
(e.g., being-away, soft fascination,
mind wandering, etc.)

No label Natural Atrtificial

Fig. 4. Hypothetical mechanisms of self-reported restorative effects of natural sounds.

Note. The top panel is for ambiguous sounds (e.g., pink or white noise), while the bottom panel is for unambiguous, easily identifiable natural sounds. The shorter
bars in the top (vs. bottom) panel reflect the lack of a cognitive-based, spontaneous imagination-based effect in ambiguous sounds. Differences in bar height across
conditions and sound types are intended to illustrate the relative pattern of the hypothesized effects rather than precise quantitative or absolute differences. To
interpret the references to color in this figure legend, please refer to the online version of this article. (For interpretation of the references to color in this figure

legend, the reader is referred to the Web version of this article.)
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natural sound and the preceding road-traffic noise. In addition, the
manipulation check for the effectiveness of the stress-induction task was
based solely on the decrease in self-reported restoration outcomes as
measured by ROS. To address these two shortcomings, future research
could employ non-auditory stressor tasks, e.g., mental arithmetic tasks
(Koivisto & Grassini, 2024), and include additional subjective measures,
such as the Positive and Negative Affect Schedule (PANAS) (Watson
et al., 1988) and the Self-Assessment Manikin (SAM) (Bradley & Lang,
1994), and physiological indicators.

Second, the present study examined experimentally whether the
manipulation of sound-source attributions influences self-reported
restoration outcomes derived from listening to a natural sound. Con-
structs possibly theoretically related to the source-attribution effects,
such as perceived naturalness, technology acceptance, and expectancy
disconfirmation, were beyond the scope of the present experimental
design. Future research could further explore the psychological mech-
anisms underlying source-attribution effects through the explicit mea-
surement of these constructs.

Third, the experimental design of the present study makes it
impossible to differentiate the contribution of mind-wandering to
attention restoration from that of soft fascination. Williams and col-
leagues hypothesized that mind-wandering (oriented to one's internal
thoughts) in natural surroundings co-occurs with soft fascination (ori-
ented to external natural objects) and that repeated cycles of alternating
mind-wandering and soft fascination during exposure to nature improve
attention restoration over the course of time (Williams et al., 2018). As
we did not quantitatively measure the extent to which subjects let their
minds wander while listening to the natural sound in this study, the
potential contribution of mind-wandering in each label group remains
uninvestigated. Additionally, given that the restorative imagery evoked
by natural sounds may primarily involve imagined landscapes rather
than soundscapes per se (as discussed above), soft fascination may also
occur within one's imagined landscapes, not only towards actual natural
surroundings (i.e., auditory cues). These unsolved issues are open for
future research.

Fourth, as the experiment was conducted online, participant-level
listening conditions (e.g., playback devices, sound pressure levels, and
surrounding acoustic environments) could not be fully standardized. At
the same time, the original audio files (including the clip for the audio-
adjustment task), the file-level formatting information for the audio
files, and procedural information have been made publicly available,
thereby ensuring the reproducibility of the stimulus materials and the
experimental procedure. The findings should therefore be interpreted as
reflecting restoration outcomes under ecologically valid online listening
conditions rather than under laboratory-level acoustic control.

Fifth, a key technical limitation concerns the generalizability of our
findings. As this study was based on data collected in spring from a
sample of Finnish university students, the majority of whom were young
females, the sample may have been seasonally, culturally, and educa-
tionally homogeneous. Future studies should recruit more diverse
participant samples and collect data across different seasons to improve
external validity and generalizability. Regarding the type of natural
sounds, the river sound used in this study was classified as geophony (a
nonbiological ambient sound of wind, water, thunder, and so on)
(Pijanowski et al., 2011), whereas biophony (biological sounds produced
by organisms, such as bird calls) (Krause, 2016) are more strongly
influenced by regional and seasonal variation. Birdsong, one of the most
common restorative natural sounds (Aletta et al., 2018; Ratcliffe et al.,
2013, 2020), illustrates these challenges. For example, labeling
pre-recorded clip as “live-streamed birdsong” constrains experiments to
the places where, and the seasons and times of the day when the given
species of birds actually sing; otherwise, listeners familiar with birds
may detect the deception. Also, while genuine live-streaming services
such as the Cyberforest Project (Nakamura et al., 2023; Saito et al.,
2015) are available, the restorative effects of animal-related sounds
coming through such services could be confounded by individual
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knowledge differences, such as in avian knowledge, and by temporal
variation in birdsong (e.g., less exuberant on winter afternoons than at
early-summer dawns). Future research should examine to what extent
the findings of the present study can be generalized to other types of
natural sounds that may possess distinct acoustic properties, such as
rhythm, spectral composition, predictability, and complexity, which
could differentially influence restorative processes.

5. Conclusions

Our findings suggest that, for easily identifiable natural sound, such
as the sound of a running river, bottom-up (stimulus-driven) and top-
down (cognitive-driven) restorative processes may not be distinguish-
able from one another. Specifically, even when no source attribution is
externally imposed, such sound may exert an intrinsic restorative effect
comprising both (1) pre-cognitive, psycho-evolutionary, unconscious
responses to survival-related auditory cues and (2) cognitive-driven,
spontaneous imagination-based restoration. In other words, the ready
identifiability of the source of such sound, as such, may work as a stand-
alone label innate to the sound. An externally imposed source attribu-
tion, however, may not modulate the self-reported restoration outcomes
resulting from listening to the sound, although such an extrinsic label
may partly change the content of the imagination.

The present study also generated three new research questions to be
addressed in future research—Q1: To what extent can these findings be
generalizable to other types of natural sounds, particularly those (e.g.,
birdsong) that are more subject to seasonal, diurnal, and regional vari-
ation, as well as to differences in individuals’ knowledge? Q2: Is it
imagined landscapes evoked by natural sounds rather than soundscapes
that act as a pathway to restoration? Q3: If the perceived real-time
synchrony between a sound source and a listener does not anchor the
content of visual imagery evoked by the natural sound to the specific
time and place of the sound source, do mental distances to past expe-
riences, remote locations, or imagined places influence restoration?
Answering these questions would advance our current perspective on
the underlying mechanisms of the restorative effects of listening to
natural sounds, a promising means of indoor restoration.
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Appendix. Full verbatim instructions for source-label
manipulation

In the restorative intervention phase, participants began listening to
the 10-min running-river sound after reading the following on-screen
instructions including the source information specific to each group
(verbatim).

Group 1 (no-information control):

Listening to sound for 10 minutes:

Please listen to the sound by clicking the play button. While listening,
please sit still and be quiet. Also, please concentrate on listening and do
not do any other work. While listening, please continue to look at this
monitor.

Group 2 (live-streamed):

Listening to sound for 10 minutes:

Please listen to the sound by clicking the play button. This is the
sound of a running river that is being live-streamed from a national park
in Finland. While listening, please sit still and be quiet. Also, please
concentrate on listening and do not do any other work. While listening,
please continue to look at this monitor.

Group 3 (synthesized):

Listening to sound for 10 minutes:

Please listen to the sound by clicking the play button. This is artifi-
cially synthesized sound that replicates the sound of a running river.
While listening, please sit still and be quiet. Also, please concentrate on
listening and do not do any other work. While listening, please continue
to look at this monitor.

References

Aletta, F., Oberman, T., & Kang, J. (2018). Associations between positive health-related
effects and soundscapes perceptual constructs: A systematic review. International
Journal of Environmental Research and Public Health, 15(11), 2392. https://doi.org/
10.3390/ijerph15112392

Alvarsson, J. J., Wiens, S., & Nilsson, M. E. (2010). Stress recovery during exposure to
nature sound and environmental noise. International Journal of Environmental
Research and Public Health, 7(3), 1036-1046. https://doi.org/10.3390/
ijerph7031036

Annerstedt, M., Jonsson, P., Wallergérd, M., Johansson, G., Karlson, B., Grahn, P.,
Hansen, A. M., & Wahrborg, P. (2013). Inducing physiological stress recovery with
sounds of nature in a virtual reality forest—Results from a pilot study. Physiology &
Behavior, 118, 240-250. https://doi.org/10.1016/j.physbeh.2013.05.023

Bates, D., Méchler, M., Bolker, B., & Walker, S. (2015). Fitting linear mixed-effects
models using lme4. Journal of Statistical Software, 67(1), 1-48. https://doi.org/
10.18637/js5.v067.i01

Bhattacherjee, A. (2001). Understanding information systems continuance: An
expectation-confirmation model. MIS Quarterly, 25(3), 351-370. https://doi.org/
10.2307/3250921

Bradley, M. M., & Lang, P. J. (1994). Measuring emotion: The self-assessment manikin
and the semantic differential. Journal of Behavior Therapy and Experimental
Psychiatry, 25(1), 49-59. https://doi.org/10.1016/0005-7916(94)90063-9

Collado, S., Staats, H., Corraliza, J. A., & Hartig, T. (2017). Restorative environments and
health. In G. Fleury-Bahi, E. Pol, & O. Navarro (Eds.), Handbook of environmental
psychology and quality of life research (pp. 127-148). Springer International
Publishing. https://doi.org/10.1007/978-3-319-31416-7 7.

Davis, F. D. (1989). Perceived usefulness, perceived ease of use, and user acceptance of
information technology. MIS Quarterly, 13(3), 319-340. https://doi.org/10.2307/
249008

Fisher, J. C., Irvine, K. N., Bicknell, J. E., Hayes, W. M., Fernandes, D., Mistry, J., &
Davies, Z. G. (2021). Perceived biodiversity, sound, naturalness and safety enhance
the restorative quality and wellbeing benefits of green and blue space in a
neotropical city. Science of The Total Environment, 755, Article 143095. https://doi.
org/10.1016/j.scitotenv.2020.143095

Fitzmaurice, G. M., Laird, N. M., & Ware, J. H. (2011). Applied longitudinal analysis (2nd
ed.). Wiley.

Green, P., & MacLeod, C. J. (2016). SIMR: An R package for power analysis of
generalized linear mixed models by simulation. Methods in Ecology and Evolution, 7
(4), 493-498. https://doi.org/10.1111/2041-210X.12504

12

Journal of Environmental Psychology 113 (2026) 103091

Haga, A., Halin, N., Holmgren, M., & Sorqvist, P. (2016). Psychological restoration can
depend on stimulus-source attribution: A challenge for the evolutionary account?
Frontiers in Psychology, 7. https://doi.org/10.3389/fpsyg.2016.01831

Hartig, T. (2004). Restorative environments. In C. D. Spielberger (Ed.), Encyclopedia of
applied psychology (pp. 273-279). Elsevier. https://doi.org/10.1016/B0-12-657410-
3/00821-7.

Hartig, T., Korpela, K., Evans, G. W., & Garling, T. (1997). A measure of restorative
quality in environments. Scandinavian Housing and Planning Research, 14(4),
175-194. https://doi.org/10.1080/02815739708730435

Hartig, T., Lindblom, K., & Ovefelt, K. (1998). The home and near-home area offer
restoration opportunities differentiated by gender. Scandinavian Housing and
Planning Research, 15(4), 283-296. https://doi.org/10.1080/02815739808730463

Home, R., Hunziker, M., & Bauer, N. (2012). Psychosocial outcomes as motivations for
visiting nearby urban green spaces. Leisure Sciences, 34(4), 350-365. https://doi.org/
10.1080/01490400.2012.687644

Kaplan, S., Bardwell, L. V., & Slakter, D. B. (1993). The museum as a restorative
environment. Environment and Behavior, 25(6), 725-742.

Kaplan, R., & Kaplan, S. (1989). The experience of nature: A psychological perspective.
Cambridge University Press.

Koivisto, M., & Grassini, S. (2024). The restorative effects of mental imagery of nature: A
study on subjective and physiological responses. Journal of Environmental Psychology,
96, Article 102346. https://doi.org/10.1016/j.jenvp.2024.102346

Koivisto, M., Jalava, E., Kuusisto, L., Railo, H., & Grassini, S. (2022). Top-down
processing and nature connectedness predict psychological and physiological effects
of nature. Environment and Behavior, 54(5), 917-945. https://doi.org/10.1177/
00139165221107535

Kong, P.-R., & Han, K.-T. (2024). Psychological and physiological effects of soundscapes:
A systematic review of 25 experiments in the English and Chinese literature. Science
of The Total Environment, 929, Article 172197. https://doi.org/10.1016/j.
scitotenv.2024.172197

Korpela, K., Borodulin, K., Neuvonen, M., Paronen, O., & Tyrviinen, L. (2014). Analyzing
the mediators between nature-based outdoor recreation and emotional well-being.
Journal of Environmental Psychology, 37, 1-7. https://doi.org/10.1016/j.
jenvp.2013.11.003

Korpela, K., & Hartig, T. (1996). Restorative qualities of favorite places. Journal of
Environmental Psychology, 16(3), 221-233. https://doi.org/10.1006/jevp.1996.0018

Korpela, K. M., Klemettila, T., & Hietanen, J. K. (2002). Evidence for rapid affective
evaluation of environmental scenes. Environment and Behavior, 34(5), 634-650.
https://doi.org/10.1177,/0013916502034005004

Korpela, K., Ylén, M., Tyrvdinen, L., & Silvennoinen, H. (2008). Determinants of
restorative experiences in everyday favorite places. Health & Place, 14(4), 636-652.
https://doi.org/10.1016/j.healthplace.2007.10.008

Korpela, K., Ylen, M., Tyrvainen, L., & Silvennoinen, H. (2010). Favorite green, waterside
and urban environments, restorative experiences and perceived health in Finland.
Health Promotion International, 25(2), 200-209. https://doi.org/10.1093/heapro/
daq007

Krause, B. (2016). Wild soundscapes: Discovering the voice of the natural world. Yale
University Press. http://ebookcentral.proquest.com/lib/tampere/detail.action?doc
1D=4518778.

Martin, C., & Czellar, S. (2016). The extended inclusion of nature in self scale. Journal of
Environmental Psychology, 47, 181-194. https://doi.org/10.1016/j.
jenvp.2016.05.006

McDonnell, A. S., & Strayer, D. L. (2024). Immersion in nature enhances neural indices of
executive attention. Scientific Reports, 14(1), 1845. https://doi.org/10.1038/541598-
024-52205-1

Nakamura, K. W., Miyajima, K., Fujiwara, A., & Saito, K. (2023). Development of a web
application for flowering phenology observation and its applicability to climate-
related learning in elementary schools. Cogent Education, 10(2), Article 2277045.
https://doi.org/10.1080/2331186X.2023.2277045

Ohly, H., White, M. P., Wheeler, B. W., Bethel, A., Ukoumunne, O. C., Nikolaou, V., &
Garside, R. (2016). Attention restoration theory: A systematic review of the attention
restoration potential of exposure to natural environments. Journal of Toxicology and
Environmental Health, Part A B, 19(7), 305-343. https://doi.org/10.1080/
10937404.2016.1196155

Ojala, A., Korpela, K., Tyrvainen, L., Tiittanen, P., & Lanki, T. (2019). Restorative effects
of urban green environments and the role of urban-nature orientedness and noise
sensitivity: A field experiment. Health & Place, 55, 59-70. https://doi.org/10.1016/j.
healthplace.2018.11.004

Oliver, R. L. (1980). A cognitive model of the antecedents and consequences of
satisfaction decisions. Journal of Marketing Research, 17(4), 460-469. https://doi.
org/10.2307/3150499

Payne, S. R. (2013). The production of a Perceived Restorativeness Soundscape Scale.
Applied Acoustics, 74(2), 255-263. https://doi.org/10.1016/j.apacoust.2011.11.005

Payne, S. R., & Guastavino, C. (2018). Exploring the validity of the Perceived
Restorativeness Soundscape Scale: A psycholinguistic approach. Frontiers in
Psychology, 9, 2224. https://doi.org/10.3389/fpsyg.2018.02224

Pijanowski, B. C., Villanueva-Rivera, L. J., Dumyahn, S. L., Farina, A., Krause, B. L.,
Napoletano, B. M., Gage, S. H., & Pieretti, N. (2011). Soundscape ecology: The
science of sound in the landscape. BioScience, 61(3), 203-216. https://doi.org/
10.1525/bi0.2011.61.3.6

R Core Team. (2022). R: A language and environment for statistical computing. R
Foundation for Statistical Computing [Computer software] Version 4.3.1. https://
www.R-project.org/.

Ratcliffe, E. (2021). Sound and soundscape in restorative natural environments: A
narrative literature review. Frontiers in Psychology, 12, Article 570563. https://doi.
0rg/10.3389/fpsyg.2021.570563


https://doi.org/10.3390/ijerph15112392
https://doi.org/10.3390/ijerph15112392
https://doi.org/10.3390/ijerph7031036
https://doi.org/10.3390/ijerph7031036
https://doi.org/10.1016/j.physbeh.2013.05.023
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.2307/3250921
https://doi.org/10.2307/3250921
https://doi.org/10.1016/0005-7916(94)90063-9
https://doi.org/10.1007/978-3-319-31416-7_7
https://doi.org/10.2307/249008
https://doi.org/10.2307/249008
https://doi.org/10.1016/j.scitotenv.2020.143095
https://doi.org/10.1016/j.scitotenv.2020.143095
http://refhub.elsevier.com/S0272-4944(26)00192-1/sref10
http://refhub.elsevier.com/S0272-4944(26)00192-1/sref10
https://doi.org/10.1111/2041-210X.12504
https://doi.org/10.3389/fpsyg.2016.01831
https://doi.org/10.1016/B0-12-657410-3/00821-7
https://doi.org/10.1016/B0-12-657410-3/00821-7
https://doi.org/10.1080/02815739708730435
https://doi.org/10.1080/02815739808730463
https://doi.org/10.1080/01490400.2012.687644
https://doi.org/10.1080/01490400.2012.687644
http://refhub.elsevier.com/S0272-4944(26)00192-1/sref17
http://refhub.elsevier.com/S0272-4944(26)00192-1/sref17
http://refhub.elsevier.com/S0272-4944(26)00192-1/sref18
http://refhub.elsevier.com/S0272-4944(26)00192-1/sref18
https://doi.org/10.1016/j.jenvp.2024.102346
https://doi.org/10.1177/00139165221107535
https://doi.org/10.1177/00139165221107535
https://doi.org/10.1016/j.scitotenv.2024.172197
https://doi.org/10.1016/j.scitotenv.2024.172197
https://doi.org/10.1016/j.jenvp.2013.11.003
https://doi.org/10.1016/j.jenvp.2013.11.003
https://doi.org/10.1006/jevp.1996.0018
https://doi.org/10.1177/0013916502034005004
https://doi.org/10.1016/j.healthplace.2007.10.008
https://doi.org/10.1093/heapro/daq007
https://doi.org/10.1093/heapro/daq007
http://ebookcentral.proquest.com/lib/tampere/detail.action?docID=4518778
http://ebookcentral.proquest.com/lib/tampere/detail.action?docID=4518778
https://doi.org/10.1016/j.jenvp.2016.05.006
https://doi.org/10.1016/j.jenvp.2016.05.006
https://doi.org/10.1038/s41598-024-52205-1
https://doi.org/10.1038/s41598-024-52205-1
https://doi.org/10.1080/2331186X.2023.2277045
https://doi.org/10.1080/10937404.2016.1196155
https://doi.org/10.1080/10937404.2016.1196155
https://doi.org/10.1016/j.healthplace.2018.11.004
https://doi.org/10.1016/j.healthplace.2018.11.004
https://doi.org/10.2307/3150499
https://doi.org/10.2307/3150499
https://doi.org/10.1016/j.apacoust.2011.11.005
https://doi.org/10.3389/fpsyg.2018.02224
https://doi.org/10.1525/bio.2011.61.3.6
https://doi.org/10.1525/bio.2011.61.3.6
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.3389/fpsyg.2021.570563
https://doi.org/10.3389/fpsyg.2021.570563

Y. Suko and K.M. Korpela

Ratcliffe, E., Gatersleben, B., & Sowden, P. T. (2013). Bird sounds and their contributions
to perceived attention restoration and stress recovery. Journal of Environmental
Psychology, 36, 221-228. https://doi.org/10.1016/j.jenvp.2013.08.004

Ratcliffe, E., Gatersleben, B., & Sowden, P. T. (2020). Predicting the perceived restorative
potential of bird sounds through acoustics and aesthetics. Environment and Behavior,
52(4), 371-400. https://doi.org/10.1177/0013916518806952

Ratcliffe, E., & Korpela, K. M. (2016). Memory and place attachment as predictors of
imagined restorative perceptions of favourite places. Journal of Environmental
Psychology, 48, 120-130. https://doi.org/10.1016/j.jenvp.2016.09.005

Saito, K., Nakamura, K., Ueta, M., Kurosawa, R., Fujiwara, A., Kobayashi, H. H.,
Nakayama, M., Toko, A., & Nagahama, K. (2015). Utilizing the Cyberforest live
sound system with social media to remotely conduct woodland bird censuses in
central Japan. Ambio, 44(S4), 572-583. https://doi.org/10.1007/s13280-015-0708-

Schultz, P. W. (2001). The structure of environmental concern: Concern for self, other
people, and the biosphere. Journal of Environmental Psychology, 21(4), 327-339.
https://doi.org/10.1006/jevp.2001.0227

Schultz, P. W. (2002). Inclusion with nature: The psychology of human-nature relations.
In P. Schmuck, & P. W. Schultz (Eds.), Psychology of sustainable development (pp.
61-78). Springer US. https://doi.org/10.1007/978-1-4615-0995-0_4.

Staats, H., Kieviet, A., & Hartig, T. (2003). Where to recover from attentional fatigue: An
expectancy-value analysis of environmental preference. Journal of Environmental
Psychology, 23(2), 147-157. https://doi.org/10.1016/50272-4944(02)00112-3

Suko, Y., Kankaanpad, R., & Grassini, S. (2025). Adulthood nature exposure and urban
living are associated with climate policy support, mediated by climate change
beliefs: A structural equation modeling study. Journal of Environmental Psychology,
106, Article 102652. https://doi.org/10.1016/j.jenvp.2025.102652

Suko, Y., & Korpela, K. M. (2024). Accumulation of self-reported restorative effects of
natural sounds: A seven-day intervention indoors. Journal of Environmental
Psychology, 98, Article 102388. https://doi.org/10.1016/j.jenvp.2024.102388

Suko, Y., Saito, K., & Korpela, K. M. (2025). Natural sounds vs. Favorite music: Which is
the more restorative indoor leisure activity when listened to repeatedly? Leisure
Sciences, 1-23. https://doi.org/10.1080/01490400.2024.2446802

Suko, Y., Shindo, T., Saito, K., Takayama, N., Warisawa, S., Sakuma, T., Ito, M.,
Kyt6ld, P., Nummi, T., & Korpela, K. (2022). Alleviating surgeons' stress through
listening to natural sounds in a half-encapsulated rest space after an operation: A
pilot, longitudinal field study. International Journal of Environmental Research and
Public Health, 19(19), Article 12736. https://doi.org/10.3390/ijerph191912736

Takayama, N., Korpela, K., Lee, J., Morikawa, T., Tsunetsugu, Y., Park, B.-J., Li, Q.,
Tyrvéinen, L., Miyazaki, Y., & Kagawa, T. (2014). Emotional, restorative and
vitalizing effects of forest and urban environments at four sites in Japan. International

13

Journal of Environmental Psychology 113 (2026) 103091

Journal of Environmental Research and Public Health, 11(7), 7207-7230. https://doi.
0rg/10.3390/ijerph110707207

Tampere Universities. Proposed research protocols requiring ethical review. Ethics
Committee of Tampere Region. https://www.tuni.fi/en/research/responsible-scien
ce-and-research/research-integrity/ethics-committee-of-the-tampere-region#expan
der-trigger-433181.

Tang, I.-C., Sullivan, W. C., & Chang, C.-Y. (2015). Perceptual evaluation of natural
landscapes: The role of the individual connection to nature. Environment and
Behavior, 47(6), 595-617. https://doi.org/10.1177/0013916513520604

Tyrvainen, L., Ojala, A., Korpela, K., Lanki, T., Tsunetsugu, Y., & Kagawa, T. (2014). The
influence of urban green environments on stress relief measures: A field experiment.
Journal of Environmental Psychology, 38, 1-9. https://doi.org/10.1016/j.
jenvp.2013.12.005

Ulrich, R. S. (1983). Aesthetic and affective response to natural environment. In
1. Altman, & J. F. Wohlwill (Eds.), Behavior and the natural environment (pp. 85-125).
Springer US. https://doi.org/10.1007/978-1-4613-3539-9 4.

Ulrich, R. S., Simons, R. F., Losito, B. D., Fiorito, E., Miles, M. A., & Zelson, M. (1991).
Stress recovery during exposure to natural and urban environments. Journal of
Environmental Psychology, 11(3), 201-230. https://doi.org/10.1016/50272-4944
(05)80184-7

United Nations. (2019). World urbanization prospects: The 2018 revision (ST/ESA/SER.A/
420). United Nations, Department of Economic and Social Affairs, Population
Division.

Van Oordt, M., Ouwehand, K., & Paas, F. (2022). Restorative effects of observing natural
and urban scenery after working memory depletion. International Journal of
Environmental Research and Public Health, 20(1), 188. https://doi.org/10.3390/
ijerph20010188

Watson, D., Anna, L., & Tellegen, A. (1988). Development and validation of brief
measures of positive and negative affect: The PANAS scales. Journal of Personality
and Social Psychology, 54(6), 1063.

Williams, K. J. H., Lee, K. E., Hartig, T., Sargent, L. D., Williams, N. S. G., &

Johnson, K. A. (2018). Conceptualising creativity benefits of nature experience:
Attention restoration and mind wandering as complementary processes. Journal of
Environmental Psychology, 59, 36-45. https://doi.org/10.1016/].jenvp.2018.08.005

Wood, Barron, & Smyth. (2019). The current and retrospective intentional nature
exposure scales: Development and factorial validity. International Journal of
Environmental Research and Public Health, 16(22), 4443. https://doi.org/10.3390/
ijerph16224443

Zec, S., Soriani, N., Comoretto, R., & Baldi, I. (2017). High agreement and high
prevalence: The paradox of cohen's kappa. The Open Nursing Journal, 11(1), 211-218.
https://doi.org/10.2174/1874434601711010211


https://doi.org/10.1016/j.jenvp.2013.08.004
https://doi.org/10.1177/0013916518806952
https://doi.org/10.1016/j.jenvp.2016.09.005
https://doi.org/10.1007/s13280-015-0708-y
https://doi.org/10.1007/s13280-015-0708-y
https://doi.org/10.1006/jevp.2001.0227
https://doi.org/10.1007/978-1-4615-0995-0_4
https://doi.org/10.1016/S0272-4944(02)00112-3
https://doi.org/10.1016/j.jenvp.2025.102652
https://doi.org/10.1016/j.jenvp.2024.102388
https://doi.org/10.1080/01490400.2024.2446802
https://doi.org/10.3390/ijerph191912736
https://doi.org/10.3390/ijerph110707207
https://doi.org/10.3390/ijerph110707207
https://www.tuni.fi/en/research/responsible-science-and-research/research-integrity/ethics-committee-of-the-tampere-region#expander-trigger--433181
https://www.tuni.fi/en/research/responsible-science-and-research/research-integrity/ethics-committee-of-the-tampere-region#expander-trigger--433181
https://www.tuni.fi/en/research/responsible-science-and-research/research-integrity/ethics-committee-of-the-tampere-region#expander-trigger--433181
https://doi.org/10.1177/0013916513520604
https://doi.org/10.1016/j.jenvp.2013.12.005
https://doi.org/10.1016/j.jenvp.2013.12.005
https://doi.org/10.1007/978-1-4613-3539-9_4
https://doi.org/10.1016/S0272-4944(05)80184-7
https://doi.org/10.1016/S0272-4944(05)80184-7
http://refhub.elsevier.com/S0272-4944(26)00192-1/sref55
http://refhub.elsevier.com/S0272-4944(26)00192-1/sref55
http://refhub.elsevier.com/S0272-4944(26)00192-1/sref55
https://doi.org/10.3390/ijerph20010188
https://doi.org/10.3390/ijerph20010188
http://refhub.elsevier.com/S0272-4944(26)00192-1/sref57
http://refhub.elsevier.com/S0272-4944(26)00192-1/sref57
http://refhub.elsevier.com/S0272-4944(26)00192-1/sref57
https://doi.org/10.1016/j.jenvp.2018.08.005
https://doi.org/10.3390/ijerph16224443
https://doi.org/10.3390/ijerph16224443
https://doi.org/10.2174/1874434601711010211

	Natural sound may be intrinsically restorative regardless of its source attributions: Evidence from a running-river sound
	1 Introduction
	1.1 Effects of source attribution on the restorative effects of natural sounds
	1.2 Methodological considerations and design choices
	1.3 Objectives

	2 Method
	2.1 Participants
	2.2 Natural sound type
	2.3 Design and procedure
	2.4 Measures
	2.4.1 Outcome variable
	2.4.2 Covariates
	2.4.3 Open-ended question (QEQ)

	2.5 Data exclusion and final sample
	2.6 Statistical analyses
	2.7 A priori power calculation
	2.8 Exploratory qualitative analysis of open-ended responses (post hoc)

	3 Results
	3.1 Descriptive statistics
	3.2 Manipulation check results
	3.2.1 Effects of the stress-induction task
	3.2.2 Identifiability of the true sound source

	3.3 Main confirmatory LMM analysis
	3.3.1 Model-level omnibus tests
	3.3.2 Intervention-relevant contrast
	3.3.3 Fixed effect parameter estimates

	3.4 Exploratory qualitative analysis for open-ended responses (post hoc)

	4 Discussion
	4.1 Robustness of the confirmatory quantitative findings and effect size considerations
	4.2 Contextual insights from exploratory qualitative observations
	4.3 Theoretical interpretation of restoration mechanisms
	4.4 Possible related psychological processes
	4.5 Limitations

	5 Conclusions
	CRediT authorship contribution statement
	Declaration of generative AI and AI-assisted technologies in the writing process
	Funding
	Conflicts of interest
	Appendix A Supplementary data
	Appendix Full verbatim instructions for source-label manipulation
	Group 1 (no-information control):
	Group 2 (live-streamed):
	Group 3 (synthesized):

	References


