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The untranslatability of environmental
affective scales: insights from indigenous
soundscape perceptions in China
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Soundscapes significantly impact human well-being, yet standard Western-based Soundscape
Affective Quality (SAQ) scalesmay not accurately represent culturally specific perceptions. This study
explored structural differences in soundscape emotional experiences between Chinese and Western
cultures using an indigenous approach. An Indigenous Chinese SAQ (ICSAQ) scale was developed
through perceptual evaluations of 132 representative Chinese soundscape excerpts by 264
participants from 30 provinces, employing 108 culturally relevant descriptors. Principal component
analysis revealed two dimensions—Comfort and Richness—differing notably from the global
Pleasantness-Eventfulness model. Comparison with the translated global SAQ scale showed
significant measurement bias, with the imported scale overestimating positive emotions and
activation levels. Regression analyses confirmed the ICSAQ scale’s stronger interpretability regarding
objective acoustic indicators. The findings highlight critical limitations of translation-based
environmental affective measurements, emphasizing the necessity of culturally appropriate
assessment tools for inclusive urban environmental management.

Emotion is a complex psychological and physiological state that drives
subjective experiences, physiological responses, and expressive behaviours1.
According to Constructionist theories of emotion, emotion categories are
non-entitative, with no consistent mapping between specific emotion
categories and dedicated biological mechanisms (constructed by more
general brain networks)2. As constructed phenomena, emotions involve
allostasis, abstract categorisation, and social learning3–5. Humans typically
use symbolic language to support the recognition, understanding, and
expression of emotions6, integrating complex physiological and psycholo-
gical responses into specific emotion categories. Language-supported cate-
gory access can lead to different experiences derived from a
multidimensional feature space (emotional states, physiological responses,
autonomic nervous system activity, and facial behaviours)7–9. Jackson et al.
used a colexification approach (i.e., the phenomenon in language where the
sameword is used toname semantically related concepts) to reveal extensive
differences in emotional semantics across 20 global language families—
different patterns of association exist in the networks of emotion concept
colexification across language families10.

Russell’s circumplex model of affect provides a systematic repre-
sentation of the processes of perception, cognition, and emotional response

to external information. It emphasises that affect is essentially a neuro-
physiological state composed of two dimensions: valence (pleasure vs. dis-
pleasure) and arousal (physiological activation)11. These two dimensions
combine to form core affect12, which serves as the foundation for emotional
responses and represents a fundamental and intrinsic emotional experience.
All emotional states are mapped as points in a two-dimensional space
defined by valence and arousal, thus being interpreted as specific emotional
concepts. Since valence and arousal arise from independent neurophysio-
logical systems, based on the capacity for biological evolution, various cul-
tures may universally distinguish emotional states based on these
dimensions10.

Sound is a powerful emotional elicitor. In urban spaces, soundscapes
are composed of multiple dynamic sound sources that exhibit spatio-
temporal variability13–15. The perception of soundscapes is a continuous and
dynamically evolving process, involving both conscious and unconscious
evaluations16. Through this process, individuals interpret the acoustic
environment within a given context, encompassing physiological, psycho-
logical, social, and cultural dimensions. Even a single sound source can elicit
multidimensional emotional experiences due to the complexity of percep-
tion. To measure the intertwined emotional cues of soundscapes,
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researchers in soundscape studies have used the circumplexmodel of affect
attributed to environments as a startingpoint17, providing aneffective tool—
the Soundscape Affective Quality (SAQ) model—to identify and quantify
emotional responses elicited by specific soundscapes. This model defines
eight Soundscape Affective Descriptors (SADs) within a two-dimensional
circular space of Pleasantness–Eventfulness18–20. Similarly, the sense of
Pleasantness reflects the positive or negative affect elicited by the sounds-
cape, while the sense of Eventfulness reflects the alertness or energy state
induced by the soundscape. Figure 1a illustrates a comparison between the
circumplex model of affect and the SAQmodel. However, compared to the
general circumplex model of affect, the emotion measurement instrument
developed for specific domains (such as this one for urban soundscape
studies) can more accurately capture the complex emotional experiences
associatedwith particular stimuli. This approachhas also been confirmed in
the music and olfactory fields21,22.

Culture shapes individuals’ emotional experiences and expressions in
different contexts through unique frameworks for understanding emotions
and norms for expressing them23. Similarly, cultural differences affect the
way individuals perceive, express, and evaluate the SAQ. In this context,
careful consideration needs to be given to the “transplantation” of specific
measurement instruments or theoretical frameworks from one cultural
context to another, i.e., “imposed-etic approach”. In a recent global colla-
boration, the SoundscapeAttributes Translation Project (SATP)24,25, a list of
standardised soundscape affective descriptors was translated into 18 lan-
guages. Native speakers from various countries evaluated the same
soundscape stimuli using their respective language versions of the SAQ
scale. However, the results revealed significant differences in the affective
quality ratings of soundscapes betweenChinese participants and those from
other countries, as illustrated by the density plot of soundscape quality
ratings26 (Fig. 1b). This observation prompted an in-depth consideration of

a b

Fig. 1 | Background framework. a Frameworks of affective quality in different
domains: The green framework represents the environmental affective quality fra-
mework and its constructed model, also known as the structure of core affect12. The
red framework represents the soundscape affective quality framework and its
constructed18; b Soundscape Affective Quality (SAQ) Assessment results of 13

languages that showed “high confidence” results. Each point represents a sample,
and the shaded areas represent contours that enclose 50% samples. It can be seen that
European countries with close geographical proximities showed similar distribu-
tions. (Data Source: Soundscape Attributes Translation Project (SATP) Dataset26).
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possible reasons: first, Chinese soundscape emotion may have significant
structural differences from other cultures, whichmay stem from differences
in soundscape affective semantic space; second, differences in affective
semantic space may lead to the possibility that the imported instrument
models may cause bias in the assessment of SAQ.

From an emic perspective, it is essential to explore the emotional sal-
ience and motivational forces within cultural scripts rather than assuming
these saliences and forces. This involves adopting an insider’s view of cul-
ture, presenting human behaviour and subjective experiences from the
perspectives of actors, intenders, and subjects of attention, and exploring
“what life is like there—what features are salient to its inhabitants”27,28.

Herein, through the emic approach, we explore the Chinese sounds-
cape affective semantic space from specific cultural phenomena and
experiences based on local input items (Chinese SADs) and representative
soundscape excerpts (SEs) of Chinese urban open spaces and validate their
robustness through further grouping into sub-dataset. The structure of
Chinese SAQ is established based onChinese soundscape affective semantic
space, and the assessment differences between the indigenously derived
(indigenous Chinese SAQ scale, ICSAQ scale) and the imported SAQ scales
(translated global SAQ scale, TGSAQ scale) are compared. The results
showed the significant structural differences in soundscape emotional
experiences between Chinese and Western cultures, confirming the neces-
sity of developing culturally appropriate environmental affective
assessment tools.

Results
Construction of semantic space of soundscape affective quality
in the Chinese context
Tocarryout the experiment froman indigenousperspective, SEs anda list of
SADshad to be established locally. Themethodological framework is shown
in Fig. 2. To capture the diverse and characteristic soundscape of China, we
recorded 424 SEs from 13 provinces of China that each comprises of a 30-
second binaural audio and a panoramic shot of the surrounding visual

context. These SEswere screened, and 132high-quality SEs that represented
17 urban forms were selected for subsequent experiments. The indigenous
SAD list was then created through a process of adjective extraction, focus
group interviews, and online screening experiments. This created a list of
108 potential SADs that are suitable for describing Chinese soundscapes
(refer to Table S9 for the explanations of all descriptors).

With the indigenous SEs andSADs inhand, a listening experimentwas
carriedout. Theparticipants rated theSE-SADpairs in termsof howwell the
SAD matched their perception of the soundscape. The SADs assessed
included the 108 developed here and eight translated in the SATP project.

For thedataset acquired, principal component analysis (PCA)was then
used to analyse the outcomeof the listening experiment. TheKaiser‒Meyer‒
Olkin value was 0.847 ( > 0.6). The results of Bartlett’s test of sphericity were
significant (χ2 = 21695.1, p < 0.001), suggesting that the dataset was suitable
for PCA. The affective state through two-demission circumplex structure
description and classificationhasbeenwidely empirically supported12,29, and
considering the special needs and practical goals of soundscape research
(based on the ISO-12913-3 two-demission circumplex model of SAQ) and
exploring soundscape emotion in the Chinese context, we chose to extract
two principal components (PCs) as the basis of our analysis. The results
show that PC 1 and PC 2 explain 47.1% and 17.7% of the variance in the
dataset, respectively, and these two PCs together explain 64.8% of the total
variance, which can effectively represent the structure and characteristics of
the original dataset. Figure3a shows the component loadings of the twoPCs.
The SADs on each PC can be divided into three zones according to the size
of the loadings: Zone 1: Va < 0.70; Zone 2: 0.70 < Va < 0.85; Zone 3: Va >
0.85, whereVa denotes the variance of each SAD that can be interpreted by
the corresponding PC. The SAD in Zone 1 does not explain the PC well.

The two PCs each embody a different dimension of the soundscape
emotional experience. This is based on the similarity of the revealed results
to the emotion construct12,30. In the circular space, the SADs yirende/宜人

的, shushide/舒适的, shuxinde/舒心的, xuannaode/喧闹的 and hun-
luande/混乱的 (in descending order of their component loadings on the

a c

b

Fig. 2 | Process flow of the research method. a Collection and analysis of indigenous soundscape excerpts (SEs); b Indigenous soundscape descriptors solicitation and
screening; c Listening experiment.
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PC) had the highest interpreted rates on PC 1. When soundscapes are
described as yirende/宜人的 or shushide/舒适的, thismay indicate that the
soundscape has a positive effect on the individual. Conversely, if the
soundscape is described as hunluande/混乱的 or other SADs, this may
indicate that the soundscape is causing the individual to experience negative
affect such as stress and anxiety. Together, these SADs describe the positive
or negative affective sate elicited by the soundscape; therefore, PC 1 was

labelled舒适感 (Comfort). The highest SADs in PC 2 include fengfude/丰
富的, renaode/热闹的, dandiaode/单调的, wubianhuade/无变化的 and
chenmende/沉闷的. fengfude/丰富的 and renaode/热闹的 indicate the
variety and activity of the soundscape, which tends to stimulate physiolo-
gical responses and mental alertness. dandiaode/单调的, wubianhuade/无
变化的 and chenmende/沉闷的, on the other hand, may result from low
levels of physiological and psychological responses. Together, these adjec-
tives describe the differences in the soundscape in terms of triggering
physiological activity and mental alertness; hence, PC 2 is labelled丰富感

(Richness).
Wename thismodel, as presented inFig. 3a, the semantic space of SAQ

of China. The simple plot of the affective states within the Cartesian space
formed by the underlying dimensions suggests that this is a circular struc-
ture rather than a simple linear structure. In this circular structure space,
Chinese SADs aremeaningfully arranged, attributing various affective states
of soundscapes to different combinations of Comfort or Richness. The first
quadrant contains soundscapes that are generally perceived as comfortable
and rich, while the opposite quadrant contains various annoying
soundscapes.

Soundscape affective quality comparisons between regions and
within China
The current globally adopted soundscape perception scale originated from
the soundscape semantic space model developed by Axelsson et al. In
Europe19. Among the two PCs in that model, PC 1 (Pleasantness) explained
50% of the variance, which was best explained by “uncomfortable”, “com-
fortable”, “appealing”, “disagreeable” and “inviting”. PC 2 (Eventfulness)
explains 18% of the variance, which is best explained by “eventful”, “lively”,
“uneventful”, “full of life” and “mobile”.

The SADalignment patterns in the circumplex space reveal differences
in the composition of the soundscape affective state across cultures. Speci-
fically, there are fewer SADs in the second and fourth quadrants of the
Chinese soundscape semantic space. In addition, SADs such as hunluande/
混乱的, xuannaode/喧闹的, chaonaode/吵闹的, shushide/舒适的, pin-
ghede/平和的, wenhede/温和的 and xianshide/闲适的 are close to the
axes, which is not the case in the European space, as shown in Fig. 3b.
Caution needs to be exercised in interpreting the specifics of PCs. According
to the soundscape semantic space, potential dimensions are given different
labels, but Comfort and Pleasantness both reflect the positive or negative
tendency (valence) of soundscape emotional experience, whereas Richness
and Eventfulness both represent the intensity of soundscape affective acti-
vation (arousal).

Based on the regional distribution and urban spatial types, we grouped
the data into two sub-datasets in two ways: South and North, and natural
and artificial. Each pair would add up to the complete dataset. Cluster
analysis of all samples resulted in the identification of 16 SADclusters. In the
four datasets, PAC was performed on these 16 clusters respectively. In
the PAC of each dataset, two PCs were obtained, and all datasets passed the
KMO and Bartlett tests. The results show that the two PCs of each of
these four sub-datasets can all be labelled as Comfort and Richness. The
“variance explained” parameter for the twoPCs ranges between 40.9–50.3%
and 26.1–39.8%, respectively, and together explain 76.3–80.7% of the total

a

b

c

Fig. 3 | Soundscape semantic spacemodels. a Soundscape semantic space of China:
Loadings of the 108Chinese soundscape affective descriptors (SADs) in components
1 and 2. The figure is divided into three zones according to the length of the com-
ponent loading vectors of the 108 Chinese SADs (Va: the distance to the origin),
Zone 1 (light red square); Zone 2 (red square); and Zone 2 (dark red square); where
Va2 represents the variance of each attribute that the corresponding components;
b The soundscape semantic spaces of Europe19 and China depict the loadings of 116
English soundscape affective descriptors (SADs) and 108 Chinese SADs across
components 1 and 2. Green circles represent the English SADs, while red squares
denote the Chinese SADs; c Soundscape semantic space of the sub-datasets: Displays
the loadings of the 16 clustering descriptors in components 1 and 2.
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variance. In addition, the SADs under the four types of contexts show very
similar distributions in the soundscape semantic space, as shown in Fig. 3c.

Construction of an indigenous Chinese soundscape affective
quality scale
Figure 4a summarises the proposed Chinese SAQ structure, in which eight
SADs are placed in a circular order at approximately 45° intervals, forming
an equally spaced circular structure. This structure provides a network of
testable propositions to which all SADs are related, the effective quality
attributed to a particular soundscape can fall at any point in space, and any
SAD can be represented as a vector originating from the center of the circle.
Themodel does not aim to capture all emotion but rather aims to provide a
means of describing or conceptualising people’s perceptions of SAQ at the
most general level. There has been empirical evidence on this class of
models, for example, that their affective space is bipolar, and the two

principal axes are independent and of comparable significance in the
semantic space31,32. The SAQ structure discussed is limited to eight SADs,
but theoretically, the circumplex model allows for infinite subdivision, and
any of the SADs of the soundscape semantic space can be used for mea-
surement. The order in which these SADs form the circumplex is shown in
Fig. 4a: pingdande/平淡的, youqude/有趣的, wuliaode/无聊的, renaode/
热闹的, shushide/舒适的, hunluande/混乱的, fengfude/丰富的and dan-
diaode/单调的. The ring structure can also be defined in independent
dimensions: “shushide/舒适的-hunluande/混乱的” and “fengfude/丰富

的-dandiaode/单调的”.
If the eight SADs shown are exactly 45° apart and measured without

error, their correlation should conform to a specific pattern in the correla-
tion matrix33. However, as this is psychology and not geometry, in practice,
owing to the complexity ofmental structures, it does not necessarily follow a
strict circumplex structure34,35. As shown in Fig. 4b, the actual correlation

a1 b

ca2

Fig. 4 | Structure of soundscape affective quality scales and correlation heatmap.
a1 Indigenous Chinese soundscape Affective quality scale (ICSAQ scale). Displays
the eight descriptors and their circular arrangement; a2 Translated global SAQ scale
(TGSAQ scale)25. Displays the eight descriptors and their circular arrangement;

b Analysis of the indigenous SAQ structure. Presents a heatmap of the correlation
between the SAQ and clustering among the eight SADs; c Correlation analysis of
indigenous and imported scales. Shows the heatmaps of the correlation between the
two PCs and the results of cluster analysis.
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matrix obtained is very close to the expected value of the circular ordering of
the variables. This process produced four bipolar scales whose Cronbach’s
alpha estimates were very adequate (Supplementary Information Table S1),
and the correlations between the scales were roughly in line with the
expected pattern of correlation. The reliability of the pairs ranged from 0.70
to 0.84 ( > 0.70 is considered high).

Measurement bias of the translated global SAQ scale
When SAQ measurement instruments are applied to another culture,
issues of measurement bias and equivalence become important36,37. Here
we compared the developed ICSAQ scale with the translated scale
(TGSAQ scale). The affective quality scores of the 132 SEs were measured
using the two scales (Fig. 4a). Pearson correlation (Fig. 4c) revealed high
correlation coefficients between the Comfort and Pleasantness dimen-
sions (0.887) and between the Richness and Eventfulness dimensions
(0.843). This suggests that the two instruments are effective in measuring
the same construct. However, this does not mean that the two scales are
equivalent. The underlying dimensions of the two scales are assigned
different labels, and structural bias may occur when the constructs to be
measured do not overlap exactly across cultures38. In addition, there are
differences in some particular SADs, and different emotional response
styles may give rise to instrument bias (method bias) and item bias. Any
combination of construct, method, or item bias that may be present in
TGSAQ scale can give rise to bias in test interpretation39. These potential
biases are assessed below.

The Shapiro‒Wilk test was performed on the whole dataset, and the
results revealed that all the variables conformed to the characteristics of a
normal distribution (p > 0.05). On this basis, t test_rel (i.e., paired samples t
test) was used to compare the results of the two measurement instruments
on the same samples, and significant differences (p < 0.05) were found.
Density plots of the SAQ scores were plotted using Soundscapy40, as shown
in Fig. 5a, to explore possible cases of interpretation bias.

The ICSAQ scale results revealed a broader and more homogeneous
near-circular distribution of the SAQ, covering all quadrants. Specifically,
the 95% confidence intervals (CIs) were −0.36 to 0.25, with a median of
−0.11 forComfort, and−0.24 to 0.42,with amedianof 0.17 forRichness. In
contrast, the TGSAQ scale results indicated a predominantly elliptical dis-
tribution of the SAQ along 45 degrees. The 95% CI of Pleasantness was
−0.34 to 0.29, with a median of −0.04, and Eventfulness had a 95% CI of
0.05 to 0.48, with a median of 0.27. This distribution was similar to the
findings of Chinese density plots of soundscape quality in SATP25.

A comparison of the distributions of the results of the two measure-
ment instruments across all datasets revealed that the ICSAQ scale, which
originated from indigenous development, was able to capture more varia-
tion or more detailed soundscape features. In contrast, TGSAQ scale failed
to capture soundscapes effectively about pleasant, calm and eventful.
Moreover,TGSAQscale overestimates thepositive affect of the SAQand the
intensity of SAQ activation, which may mask potentially negative or com-
plex affective components of the soundscape. In addition, TGSAQ scale
ratings show a clear concentration on the affect activation dimension of
soundscapes, with narrow score ranges that fail to effectively capture a large
amount of soundscape detail.

The results of the assessment of the affective quality of the four
dominant sound source types showa clear pattern (Fig. 5b).Unsurprisingly,
the acoustic environment dominated by traffic sounds and mechanical
soundswas generally considered chaotic. Evaluations of natural sounds and
human sounds, on the other hand, showed a diverse distribution of affect.
Natural sound-dominated acoustic environments are usually perceived as
more acoustic comfort, but partially natural sound-dominated SEs are
uncomfortable. In Chinese urban spaces, the types of sound sources are
complex and intertwined, and even scenes dominated by natural sounds
may contain other types of sound sources, which may explain why they are
sometimes perceived as less comfortable. SEs dominated by human sounds
are often perceived as richer. However, the relationship between the sound
source type and the soundscape affective dimension is not absolute. This

comparison showed that the ICSAQ scale had a greater degree of differ-
entiation in the Chinese context.

By building amultiple regressionmodel, we compared the influence of
the acoustic indicators on each dimension of the SAQ, as shown in Fig. 5c.
The results show that the Comfort model has an explanatory variance of
46.6%,which is higher than thePleasantnessmodel’s 43.4%. Similarly, in the
Richness and Eventfulness models, the Comfort model has an explanatory
variance of 43.5%, which is higher than the Eventfulness model’s 42.4%.

Discussion
Emotion is conceptualised through social learning, a process influenced by
cultural evolution. Certain emotions have been shown to differ
culturally41–43. In the soundscape semantic space, the cultural differences in
soundscape emotional concepts are clearly reflected, with Comfort as the
principal axis of Chinese soundscape quality (as opposed to Pleasantness),
reflecting that Chinese people tend to consider affective states such as
“comfort” and “calmness” as more positive in the emotional experience of
the soundscape. This emotional preference can be traced back to the tra-
ditional values of tranquillity and harmony in Chinese culture and has been
validated in psychological studies, where individuals fromWestern cultures
are more inclined toward high arousal positive affect (feeling excited and
enthusiastic), whereas individuals from Eastern cultures typically exhibit
lower levels of affect arousal (feeling of relaxation and peace)44,45. Moreover,
cultural differences in the ideal affect emerge early in life, as shown by
European–American children preferring more arousal states than children
in Taiwan in best-selling storybooks46.

Although there are significant differences in the acoustic environment
in different regions and types of urban space in China, these differences do
not fundamentally change the structure of the semantic space of the
soundscape, which reflects the way individuals perceive, express, and
evaluate the SAQmostly depends on the national culture. Culture is defined
as “shared elements that provide the standards for perceiving, believing,
evaluating, communicating, and acting among those who share a language,
a historic period, and a geographic location”47.

Culture defines and produces emotional words48, guiding individuals
through language to communicate around and share themeaning of shared
perceptual categories, enabling social groups to apply uniform “rules” to
recognise aspectsof the environment49. The significant influenceof language
on the acquisition of emotional concepts and perceptual categories has been
widely demonstrated50–52. Even when individuals in different cultures are
faced with the same emotional stimuli, the form and internal structure of
their emotional response can vary53. Therefore, soundscape experiences
across cultures can be more accurately assessed by considering the cultural
context, prompting deeper consideration of methodological distinctions
such as emic versus etic approaches in cross-cultural research.

Such cultural considerations raise importantmethodological issues for
cross-cultural psychology, where debate between etic (culturally universal)
and emic (culturally specific) methodologies can be traced back to Berry’s
reflections on comparative research paradigms54. The etic approach advo-
cates for the use of analytical frameworks that transcend specific cultures,
employing standardised tools to identify universal laws of human psy-
chology and behaviour55, and ensuring the universality of measurement
tools through tests of structural equivalence37. In contrast, the emic
approach emphasises the construction of theories from within cultures,
capturing the unique experiences of specific groups through localised
concepts56,57.

The imposed-etic strategy adopted by the SATP project24 assumes that
the underlying theories and conceptualisations are universally applicable
and can “maximise the chances of discovering cross-cultural comparisons,
excluding culture-specific dimensions”58. However, this strategymay lead to
bias on the basis of a selective subset of universal structures. The TGSAQ
scale was found to provide somewhat valid assessments in this study, but it
wasweak in its ability to portray certain specific soundscapes and resulted in
biased assessments of positive affect and degree of activation. Despite the
fact that the TGSAQ scale has been validated by the bilingual test-retest
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Fig. 5 | Comparison of evaluation results between the indigenous and imported
SAQ scales. aDensity plots of SAQ scores of the complete dataset (N = 1584) and the
four sub-datasets. (*) denotes significance levels from the t test. The red plot
represents the evaluation results of soundscape affective quality measured using the
ICSAQ scale, while the green plot shows the results measured using the TGSAQ
scale; b Component scores for 132 soundscape excerpts (SEs) categorised by
dominant sound types. Shown are the component scores for Comfort and Richness,
as well as Pleasantness and Eventfulness. Colours represent dominant sound

categories. cMultiple linear regression analysis. Four models are examined: Com-
fort, Pleasantness, Richness, and Eventfulness model. Six independent variables are
trialled for inclusion: dominance by four types of sounds (each is a dichotomous
variable), L(C) - L(A), and LAeq. Variables included in the regression model have their
standardised coefficients and significance represented. The cell colour denotes the
significance, *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001. Size of the circles indicates the
standardised coefficients.
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method25 and that differential item functioning is able to reduce inter-
pretation bias and obtain good test items to some extent59, without sufficient
evidence of configural equivalence, metric equivalence, and scalar equiva-
lence, cross-cultural mean comparisons may generate misleading results,
which leads to false cultural conclusions and inaccurate cultural
stereotypes60. However, interestingly, the items that exhibit differential item
functioning across cultures and those that deviate from scalar equivalence
may precisely explain the existence of cultural differences38.

As Kim stated, the goal of indigenous psychology is “to identify
knowledge as understood and experienced by people within a culture”61. In
the past, owing to the lack of localised instruments originating fromwithin a
culture, SAQ assessments have relied on existing external global instru-
ments. Although these scales have some cross-cultural validity, the com-
bination of the relative inherent structures in particular cultures can enable
the capturing of specific soundscape emotional concepts more fully, given
the cultural differences. Variations in emotional concepts are associated
with the geographic proximity of language families10,62,63. Considering the
geographic variability of cultures using the emic approach to construct the
SAQ structure from the bottom up allows for a better understanding and
description of the culture-specific soundscape emotional experience from
an intra-cultural perspective.

The emotional labelling effect suggests that individuals can better
understand complex affective states when they break them down into
recognizable labels through natural language and can accurately identify
and name emotions64,65. Thus, by utilising the “material” composition
assessment instrument on the ontology map of the Chinese soundscape’s
affective semantic space, the SAQ can be assessedmore sensitively andwith
better discrimination between types of sound sources. The emic approach
provides a perspective that reveals cultural differences in soundscape
emotional concepts and similarities in soundscape emotional experiences
between imported Western instruments and indigenous instruments in
Chinese culture. This is further evidence that the Chinese are “constructing
the socio-perceptual world differently”66,67. However, as Yang and Bond
imply, imported and indigenous instruments may be useful for different
theorisations in the same culture while at the same time being useful68. As a
pioneering effort in non-Western contexts, the ICSAQ scale not only
broadens cross-cultural SAQ research beyond mere translations but also
prompts a deeper inquiry into whether such untranslatability extends
beyond soundscapes to other environmental affective domains. This
methodological shift towards indigenous frameworks reveals broader
challenges in translating emotional constructs, suggesting that similar issues
of cultural specificity may impact the assessment of environmental affective
quality more generally.

Reflecting on the challenges of translating soundscape emotional
constructs, the ICSAQ scale emerges as a complementary tool to Western
instruments, developed throughaprocess of identifying culturally grounded
structures and items. The Chinese cultural context offers new perspectives
for identifying commonalities in human soundscape affect as well as dif-
ferences caused by cultural variables, with particular emphasis on identi-
fying indigenous SAQ structures and generating culturally relevant items.
These steps in the testing process provide cross-cultural psychologistswith a
valuable framework for developing culturally appropriate indigenous SAD
inventories. To generalise the findings of the SAQ model and the ICSAQ
scale, further research is needed on these models and possibly to compare
their validity in predicting criterion variables. These criterion variables may
include short-term reactions and emotion, as well as behaviour.

The concepts of native and imported structures are used in a con-
tinuum rather than a dichotomy69, cross-cultural and native SAQ research
goes hand in hand, and a comprehensive study of soundscape emotion
should accommodate both. To expand the understanding of universal
soundscape emotion, a holistic perspective needs to be adopted. Soundscape
research shoulddefine theuniversality andcultural specificityof soundscape
emotion55 to accommodate different cultures and develop culturally rele-
vant instruments accordingly70. In this context, the combined emic-etic
approach provides an effective perspective71. This includes not only existing

SAQ assessment methods in the West but also the incorporation of folk-
emotional concepts from specific cultures and the experiences of profes-
sionals. Our study revealed that soundscape emotion reflects both the
commonalities across cultures and the uniqueness of Chinese soundscape
emotion.

In the present study, we found biases in the imported SAQ scale in
measuring the ICSAQ scale, raising concerns about the validity and accu-
racy of affective quality scales in cross-cultural research. Research suggests
that emotional experience varies systematically across cultural groups10,72.
The bias stem from culturally contextualised affective sematic space dif-
ferences, with sounds having different symbolic meanings and affective
associations in different cultures. Therefore, the use of scales constructed by
other cultures in cross-cultural contextsmay not accurately capture the true
responses to the SAQ of individuals in different cultural contexts and may
easily result in cultural stereotyping. The same bias problemmay also occur
in themeasurement of other formsof environmental affective quality,where
the emotional experienceattributed to the environment is alsodeeply rooted
in the cultural environment and influenced by cultural values and social
practices. The untranslatability of the affective quality scale in cross-cultural
measurement refers not only to theproblemof language translationbut also,
more importantly, to differences in cultural context. In there, geographical
proximity factors could partly explain these differences. To assess envir-
onmental affective quality effectively in different cultural contexts, it may be
necessary to adapt scale items culturally or design culturally specific scales to
verify the reliability and validity of cross-cultural scales. This means that, in
addition to considering domain-specific emotional constructs, culturally
specific aspects need to be included to ensure the scientific application of
scales in multicultural contexts. Ultimately, our findings underline the
necessity of culturally sensitive and contextually validated affective assess-
ment tools, enabling more accurate evaluation and more inclusive
approaches in environmental management and urban planning.

Methods
Outline
The research was conducted in three stages. In the first stage, 424 sounds-
cape excerpts (SEs) were recorded across 17 cities in China using binaural
acoustic recording andpanoramicphotography. Fromthese recordings, 132
SEswere selected based on criteria such as duration, representativeness, and
diversity of sound events. The selected SEs were analysed for acoustic
parameters, and their dominant sound categories were assessed.

The second stage focused on developing Chinese soundscape affective
descriptors (SADs). The “Soundscape Collection and Recording” project
was conducted, obtaining 2,096 soundscape descriptions from23 university
student participants. SADs were extracted from these texts and combined
with translated English SADs, resulting in a total of 449 descriptors.
Through an expert focus group and an online appropriateness experi-
ment,108 Chinese SADs were determined.

The third stage involved a soundscape perception experiment. 264
university student participants from 30 Chinese provinces rated the 108
SADs for 132 SEs in a laboratory listening experiment. Using the complete
dataset of ratings, the SAQmodelwas developed throughPCA.The stability
of the SAQ structure was validated using Clustering-PCA in sub-datasets.
Finally, based on the soundscape semantic space, theChinese SAQ scalewas
developed.

Soundscape excerpts acquisition and screening
To comprehensively cover the soundscape of different regions in China, 17
cities in 13 provinces of China were selected for soundscape recording,
taking into account the principles and strategies of geographic distribution
(e.g., south China, north China, east China, etc.), city size (e.g., megacities,
type I large cities, medium-sized cities, etc.) and type of natural geographic
conditions (e.g.,mountainous, basin; bay type, etc.). The cities include Jinan,
Xiamen, Wenzhou, Wuhan, Chongqing, Zibo, Changshu, Shenyang,
Tianjin, Urumqi, Hangzhou, Harbin, Yining, Duyun, Kunming, Taiyuan,
and Lvliang. time periods, 2023.5.2-2023.5.4 and 2023.9.27-2023.10.15 and
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2024.8.7-2024.8.20. Binaural audio capture was performed using the SQope
device (high-fidelity binaural recording) in combination with the HEAD
B2Uapplication to capture the human ear as it is heard in the environment.
At the same time, panoramic shots were taken using a GoProMAX camera
to record the context corresponding to the acoustic environment at the
moment. A total of 424 SEs were captured.

To ensure that the captured audio is accepted as a valid SE and broadly
encompasses urban spatial types, the following conditionsmust bemet: 30 s
of Pure Audio15; the SE must accurately represent the specific location in
which the recording takes place; the SE must include not only the field
context but also multiple sound events (“soundscape” and “sound event”),
and the inclusion of only a single foreground sound (e.g., a car or a
pedestrian passing by) should not be considered a complete soundscape
because of the lack of an appropriate acoustic context. A final selection of
132 SEs was made from 11 different spatial types: urban parks (40), sub-
urban parks (11), city streets (32), city squares (23), sports areas (1),
transport hubs (5), residential areas (3), playgrounds (3), courtyards (4),
waterfronts (8) and campuses (2).

Basic acoustic analysis of the acquired soundscape excerpts
A total of 132 SEs were extracted and analysed for physical acoustic and
psychoacoustic parameters (based on the average sound pressure levels of
the left and right channels of the binaurally recorded soundscape clips)using
B&K Connect acoustic analysis technology. A variety of acoustic metrics
were covered, using the 30-second equivalent continuous sound level
(LAeq,30s orN5) as ameasure of the overall loudness of the soundscape; LA5 -
LA95 or N5/N95 to represent the range of variation in sound intensity in the
soundscape; and L(C) -L(A) to represent the relative proportions of low-
frequency sounds. In addition, several psychoacoustic parameterswere used
to quantify the perceived quality of sound: roughness (R), sharpness (S),
tonality (T), and fluctuation (F). See ISO-12913-3 for methodological cal-
culations of these parameters. Supplementary Information Table S2 shows
descriptive statistics for the acoustic variables of the 132 SEs.

SEs cover a rich variety of environmental sound types, such as traffic
sounds (aircraft, personal cars, motorbikes, car alarms and car horns);
natural sounds (sounds such as birdsong, wind ruffling the grass, leaf rub-
bing, running water, fountains, waterfalls, etc.); human sounds (including
the sounds of children’s playfulness, footsteps, and other human activity
sounds); andmechanical sounds (sounds generated by machine operations
such as chainsaws, rock drills, and sweeping arcade machines). SE’s
dominant sound category was assessed via the jury test73, and “dominant”
sound sourcesweredefined as a category of sound that occupies a significant
proportion of the 30-second clip and considered to be a foreground sound.
Three members of the research team independently listened to all SEs,
which were coded and synthesised to reach a unified result. Four dichot-
omous “dominant sound category” variables (traffic, mechanical, natural
and human sounds) were coded for each SE to distinguish dominant from
nondominant sound sources. To eliminate assessment bias, the evaluators
were unaware of the exact source of the recordings throughout the process,
and the SEs were played in random order.

The overall sound pressure levels across the 132 SE samples displayed a
normal distribution. To validate the robustness of the SAQ structure, sub-
datasets were established based on the regional distribution and urban
spatial types. The two pairs of sub-datasets are: North (N = 67) and South
(N = 65); artificial (N = 61) and natural spaces (N = 71) (Descriptive sta-
tistics of the acoustic variables are shown in Supplementary Information
Table S2 through S6). The LAeq of North space ranged from 44.6 to 77.7 dB
(mean = 61.9 dB, SD = ± 6.8), whereas that of south space ranged from 45.2
to 75.8 dB (mean = 59.9 dB, SD = ± 8.3), no statistically significant differ-
ence in LAeq between the two spaces (F = 2.460, p = 0.119 > 0.05). The LAeq
of natural space ranged from 44.6 to 70.5 dB (mean = 57.9 dB, SD = ± 6.5),
whereas that of artificial space ranged from46.3 to 77.7 dB (mean = 63.4 dB,
SD = ± 7.6), there is a statistically significant difference in LAeq between the
two spaces (F = 19.903, p = 0.000 < 0.05). Through one-way ANOVA
(Assuming the normality and homogeneity of variance), significant

differences (p < 0.05) were found between natural space and artificial space
in several acoustic metrics (e.g., LAeq, LA5, LA95, LC,N5,N95, S5, S95 and R10,
R50) (Supplementary Information Table S7, S8).

Gathering of indigenous Chinese SADs
Toobtain local descriptions of soundscape emotions, this study conducted a
soundscape collection and recording project to systematically collect and
analyse descriptive data on soundscape experiences. The Soundscape Col-
lection and Recording project was conducted to systematically collect and
analyse descriptive data on soundscape experiences. A total of 23 university
student participants were recruited for the project, and each participant was
asked to record ten pieces of soundscape per day via a designated device
during the ten-day survey period; to record the environment, time, location,
and type of sound source; and to provide a description of their soundscape
perceptions and experiences. A total of 2300 audio samples were recorded
throughout the course of the project, and after screening, 2096 valid audios
were eventually included in the study. Through text analysis of the verbal
descriptions of these valid audios, 206Chinese adjectives commonly used to
describe soundscapes in everyday natural language were extracted. These
adjectives were labelled to identify single or multiple soundscape features.
Given that the interviews were highly structured, it was appropriate for a
single researcher to carry out qualitative data collection and initial analysis74.

A list of 116 English adjectives describing the SAQ, as listed by
Axelsson et al.19, was introduced as a supplement to this process. A sys-
tematic translation strategy was adopted to incorporate the adjectives into
this study. First, preliminary translationswere carriedoutwith thehelpof an
online dictionary tool as well as by referring to authoritative
English–Chinese dictionaries. As many English adjectives may have mul-
tiple counterparts in Chinese, even some words do not have directly cor-
responding Chinese expressions. Through contextual analyses and expert
discussions, specific expression habits in the Chinese language and culture
were also considered. Finally, 374 Chinese adjectives were extracted. Since
the applicability of the translation results cannot be determined by the
translation itself alone, further testing and verification are needed.

The list of extracted adjectives was filtered. The total number of
adjectives was 449, of which 29% were duplicates. The screening process
involved five experts in the field of soundscape, prioritising adjectives that
describe the affect (feeling) towards the soundscape and reflect the char-
acteristics of the soundscape.Words such as “old”were excluded because of
their associated perceptual/cognitive meaning, despite their emotional
connotations. In addition, adjectives such as “fearful”were excludedbecause
they were only applicable to a specific soundscape and lacked general
applicability to a wide range of urban public space soundscapes. Adjectives
describing only the physical properties of sound, e.g., “loud”, were also
excluded. In the end, 171 soundscape affective adjectives were retained.

SAD filtering via online screening experiment
A remote listening experiment in which a total of 29 evaluators from the
fields of soundscape (20), human settlement (4), and linguistics and
sociology (5) were recruited to participate in the online experiment was
conducted. All the evaluators were hearing impaired and had no other
significant health problems to ensure that they were able to accurately
participate and complete the experimental tasks. The experiment strictly
adhered to the relevant ethical norms, and all the evaluators signed an
informed consent form before the start of the experiment and were
informed in detail about the purpose and procedure of the experiment. To
protect theprivacy of the evaluators, the anonymity and confidentiality of all
the data were ensured. The experiment was conducted through Gorilla
Experiment Builder (www.gorilla.sc), a professional online experimental
platform dedicated to the design and hosting of complex behavioural stu-
dies.The surveywasdistributed topre-registeredevaluators throughProlific
(www.prolific.co). The data collection period was from 25 June 2023 to 4
July 2023. The online data collection tool was active at all times during this
period to ensure that the target number of participants was reached. The
audio stimuli used for the experiment consisted of eight 30-second binaural
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recordings (24-bit, 48 kHz, stereoWAVfiles) recorded inurbanopen spaces
during the summer and autumn of 2019. These SEs cover a wide range of
spatial types, including parks, roads, construction sites, waters, green spaces,
dense forests and squares. A wide range of sound elements can be recog-
nised, such as traffic, construction, high-pressure water jets, streams, bird-
song, conversations, footsteps, children playing and street performances.

The average length of an experimental session was 60min, including
instructions on the process of receiving the experiment and necessary
breaks. To prevent fatigue, appropriate breaks were scheduled during the
experimental session to enable the evaluators to perform at their best.
Consistency in the testing environment and equipment setup was ensured.
First, evaluators were required to wear wired in-ear headphones without
noise cancellation to ensure that the original quality of the audio stimuli was
not disturbed. Prior to the start of the experiment, the evaluator adjusted the
Sound Volume Setting of the computer by playing a specific audio stimulus
(white noise, 60 s, 26 dB). The evaluator subsequently would listen to all the
SEs and judge the appropriateness of adjectives for describing the sounds-
cape in the context of his/her own personal experience and experience in
daily life. The adjectiveswere presented sequentially on the computer screen
in random order, and the evaluator assessed the appropriateness of each
adjective using a Likert scale ranging from 1 (“very unsuitable”) to 5 (“very
suitable”). This single-measurement setup helped reduce possible order
effects during the evaluationprocess.A total of 108 emotionalwords suitable
for describing soundscapes, defined as SADs, were analysed by frequency
and standard deviation analyses, of which 70 SADs came from the
“Soundscape Collection and Recording” project. The explanation of
meaning for the 108 Chinese SADs can be found in Supplementary Infor-
mation Table S9.

Participants of the soundscape perception experiment
A total of 264 university student participants were recruited for this
Chinese experiment (separate from the 23 participants from the second
phase), including 127males and137 females, with amean age of 21.0 years
(age range 18–27 years). These participants came from 30 provinces in
China, with extensive regional coverage (Fig. 2c). And all the participants
have lived in China for a long time and have no long-term living
experience abroad. The geographical area inwhich an individual grows up
significantly influences his or her evaluation of the soundscape15. Cultural
backgrounds, ambient noise levels, and daily habits in different geo-
graphic areas shape people’s perceptions of and responses to the
soundscape. Therefore, generalisability and external validity were
improved by recruiting participants from different provinces. All parti-
cipants were rigorously screened to confirm that they were free of hearing
impairment and did not suffer from othermajor health problems. Prior to
participating in this study, all the participants provided written self-
reports on their sex, gender and place of origin along with informed
consent and were informed in detail about the experimental procedures
and purpose. All procedures of this study strictly followed the relevant
ethical norms and were approved by the Ethics Committee of Shenyang
Architecture University.

Experimental procedure
The experiments were conducted in a semi-echoic listening laboratory
(Specific location: Shenyang Jianzhu University, Shenyang, China) via a
desktop computer equipped with BK connect software to control the sound
playback. Sound output was achieved using an external sound card
(Headphone Amplifier ZE 0769) and a Sennheiser HD 650. To reproduce
the acoustic environment in the SE, sound calibration was performed using
a multimeter (FLUKE15B+ Digital) and a calibration signal (1 kHz sinu-
soidal signal SPL 94 dB recorded). In addition, the background noise in the
laboratory was monitored during the experiment using a sound level meter
(Optimus cr:160), which was controlled at 15.5 dB(A) to ensure that the
experiment was free from external interference.

To keep the experimental time within reasonable limits, each par-
ticipant assessed only 6 of the 132 SEs. Evaluationswere performed using
an irregular selection procedure, where each SE was evaluated by 12
different participants. A scale containing 116 SADs (108 SADs devel-
oped here and 8 SADs translated from theTGSAQscale) was provided to
measure the “SAD-soundscape match” for each SE, each SAD was
equipped with a 100 mm visual analogue scale, and the end-points were
marked as “Nomatch at all (0%)” and “PerfectMatch (100%).”Data was
collected through the online survey platform www.lediaocha.com.
Images of the tool’s user interface can be found in Fig. S1. The partici-
pants were instructed to draw vertical lines on 6 SEs listened to assess
how well the SAD matched their soundscape perception by drawing
vertical lines on the 116-attribute scale. To avoid order effects, these SAD
scales were randomly organised into 1584 different orders. The assign-
ment of SEs and SAD scales followed three principles: a) to ensure that
the same SE was not evaluated twice using the same order of the SAD
scales; b) to avoid a single participant evaluating the same order of the
SAD scales twice; and c) not to repeat playing the SEs in the same order
as the participants. Before starting the formal experiment, the partici-
pants were required to perform the evaluation exercise (additional
excerpts). The experiment was conducted in groups of six, each group of
participants was asked to listen to six different SEs, and the six SEs were
repeated four times in different presentation orders. After each playback,
the participants were asked to rate the soundscape they heard on a set of
attribute scales. The average length of the entire experimental session
was 60 min, which included the playback test of the SEs, the experi-
mental instructions, and a break in between.

Statistical analyses
Principal component analysis (PCA) is amultivariate statisticalmethod that
combines information from several variables observed on the same subject
into fewer variables, called principal components (PCs)75. PCs have geo-
metric properties that allow intuitive and structured interpretation of the
soundscape affective qualities in themain features inherent for intuitive and
structured interpretation, revealing the intrinsic connections and logical
structure between SADs. For each of the 132 SEs, the arithmeticmean of the
12participants’ ratings of eachSADwas computed tominimise the effects of
measurement error as well as individual differences, resulting in a 132 × 108
data matrix that was subjected to PCA. To assess the reliability of the PCA
results, 90 samples were randomly sampled from the 132 samples to create
datasets A and B. The results revealed that the samples demonstrated stable
and nearly consistent patterns and structures regardless of how they were
partitioned. The factor loadings and variance explained for each PC were
similar in datasets A and B. For PC1, 2 Pearson’s coefficients were 0.98 and
0.98 (p < 0.01), respectively.

Clustering analysis helps to understand and categorise the relation-
ships of SADs. Hierarchical clustering analysis and K-means clustering
analysis were carried out on 108 SADs. First, the most similar SAD pairs
were gradually merged by the hierarchical clustering analysis, the most
similar SAD pairs were gradually merged, and the resulting dendrogram
produced 16 highly homogeneous clusters (Supplementary Information
Table S10). Then, on the basis of the results of hierarchical clustering ana-
lysis, the SADsare assigned to the predefined16 clusters throughan iterative
optimisation process of K-means clustering analysis, where 7 SADs are
excluded from these 108 attributes owing to their specificity or low similarity
with other SADs. Distance in cluster analysis was used as a correlation
between the 108 attributes76. PCA was performed on these 16 SAD clusters
in all categorical datasets to explore the distribution and similarity of these
attributes to further clarify the SAQ dimensions.

Using the ICSAQscale, the affective quality can be attributed to a single
point in the space shown in Fig. 3a, thus quantitatively measuring the effect
of a specific soundscape. This point can be represented by the values of the
x-coordinate and y-coordinate, which are calculated using the following
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equations:

The equivalent equations for the TGSAQ scale are included in ISO
12913-3.

Next, amultiple regressionmodelwasused to assess the interpretability
of each dimension. First, a correlation analysis was conducted to screen for
the acoustic indicators that were highly correlated with the dependent
variable and eliminate indicators with strong collinearity to ensure the
stability and accuracy of the model. In the Comfort or Pleasantness model,
LAeq was included as the main indicator, combined with the categorical
variables of natural sounds, human voices, traffic sounds and mechanical
sounds being dominant. For the Richness or Eventfulness model, L(C) - L(A)
was included, again combined with variables for the dominant sound
sources.

Data availability
All data supporting the findings of this study are available within the article
and the Supplementary Information. Reasonable request for additional
information can be directed to corresponding authors.

Abbreviations
SAD soundscape affective descriptor
SAQ soundscape affective quality
SEs soundscape excerpts
ICSAQscale Indigenous Chinese SAQ scale
TGSAQ
scale

translated global SAQ scale

PCA principal component analysis
PC principal component

Received: 23 January 2025; Accepted: 27 May 2025;

References
1. Ekman, P. E. & Davidson, R. J. The nature of emotion: fundamental

questions (Oxford University Press, 1994).
2. Lindquist, K. A., Wager, T. D., Kober, H., Bliss-Moreau, E. & Barrett, L.

F. The brain basis of emotion: a meta-analytic review. Behav. Brain
Sci. 35, 121–143 (2012).

3. Barrett, L. F. The theory of constructed emotion: an active inference
account of interoception and categorization. Soc. Cogn. Affect.
Neurosci. 12, 1–23 (2017).

4. Sterling, P. Allostasis: a model of predictive regulation. Physiol.
Behav. 106, 5–15 (2012).

5. Olsson, A., Knapska, E. & Lindström, B. The neural and computational
systems of social learning. Nat. Rev. Neurosci. 21, 197–212 (2020).

6. Lupyan, G. & Lewis, M. From words-as-mappings to words-as-cues:
The role of language in semantic knowledge. Lang. Cogn. Neurosci.
34, 1319–1337 (2019).

7. Lindquist, K. A., Satpute, A. B. &Gendron,M. Does language domore
than communicate emotion?. Curr. Dir. Psychol. Sci. 24, 99–108
(2015).

8. Lindquist, K. A. The role of language in emotion: existing evidenceand
future directions. Curr. Opin. Psychol. 17, 135–139 (2017).

9. Satpute, A. B. & Lindquist, K. A. At the neural intersection between
language and emotion. Affect. Sci. 2, 207–220 (2021).

10. Jackson, J. C. et al. Emotion semantics show both cultural variation
and universal structure. Science 366, 1517–1522 (2019).

11. Russell, J. A. Emotion, core affect, and psychological construction.
Cogn. Emot. 23, 1259–1283 (2009).

12. Russell, J. A. A circumplex model of affect. J. Pers. Soc. Psychol. 39,
1161–1178 (1980).

13. Schafer,R.M. Thesoundscape:Our sonic environment and the tuning
of the world (Simon and Schuster, 1993).

14. Liu, J., Kang, J., Luo, T., Behm, H. & Coppack, T. Spatiotemporal
variability of soundscapes in amultiple functional urban area. Landsc.
Urban Plan. 115, 1–9 (2013).

15. Kang, J. & Schulte-Fortkamp, B. (eds.) Soundscape and the built
environment, 525 (CRC Press, 2016).

16. International Organization for Standardization. ISO 12913-1:
Acoustics—Soundscape—Part 1: Definition and Conceptual
Framework (2014).

17. Fiebig, A., Jordan, P. & Moshona, C. C. Assessments of acoustic
environments by emotions–the application of emotion theory in
soundscape. Front. Psychol. 11, 573041 (2020).

18. International Organization for Standardization. ISO 12913-3:
Acoustics—Soundscape—Part 3: Data Analysis (2019).

19. Axelsson, Ö, Nilsson, M. E. & Berglund, B. A principal components
model of soundscape perception. J. Acoust. Soc. Am. 128,
2836–2846 (2010).

20. Cain, R., Jennings, P. &Poxon, J. The development and application of
the emotional dimensions of a soundscape. Appl. Acoust. 74,
232–239 (2013).

21. Chrea, C. et al. Mapping the semantic space for the subjective
experienceof emotional responses toodors.Chem.Senses34, 49–62
(2009).

22. Zentner, M., Grandjean, D. & Scherer, K. R. Emotions evoked by the
sound of music: Characterization, classification, and measurement.
Emotion 8, 494 (2008).

23. Turner, J. H. & Stets, J. E. The sociology of emotions (Cambridge
University Press, 2005).

24. Aletta, F. et al. Soundscape descriptors in eighteen languages:
Translation and validation through listening experiments. Appl.
Acoust. 224, 110109 (2024).

25. Li, M. et al. Mandarin Chinese translation of the ISO-12913
soundscape attributes to investigate the mechanism of soundscape
perception in urban open spaces. Appl. Acoust. 215, 109728 (2024).

26. Oberman, T. et al. Soundscape Attributes Translation Project (SATP)
Dataset (1.3.1) [Data set]. Zenodo https://doi.org/10.5281/zenodo.
10993139 (2024).

27. Morris, M. W., Leung, K., Ames, D. & Lickel, B. Views from inside and
outside: Integrating emic and etic insights about culture and justice
judgment. Acad. Manag. Rev. 24, 781–796 (1999).

28. Pike, K. L. Language in relation to a unified theory of the structure of
human behavior, 24 (Walter de Gruyter GmbH & Co KG, 2015).

29. Yik, M., Russell, J. A. & Steiger, J. H. A 12-point circumplex structure
of core affect. Emotion 11, 705 (2011).

30. Plutchik, R. A general psychoevolutionary theory of emotion. In
Theories of Emotion 3–33 (Academic Press, 1980).

31. Meddis, R. A. Y. Bipolar factors in mood adjective checklists. Br. J.
Soc. Clin. Psychol. 11, 178–184 (1972).

32. Russell, J. A. Affective space is bipolar. J. Pers. Soc. Psychol. 37, 345
(1979).

33. Grassi, M., Luccio, R. & Di Blas, L. CircE: An R implementation of
Browne’s circular stochastic process model. Behav. Res. Methods
42, 55–73 (2010).

https://doi.org/10.1038/s42949-025-00228-6 Article

npj Urban Sustainability |            (2025) 5:38 11

https://doi.org/10.5281/zenodo.10993139
https://doi.org/10.5281/zenodo.10993139
https://doi.org/10.5281/zenodo.10993139
www.nature.com/npjurbansustain


34. Guttman, L. A new approach to factor analysis: the Radex. In
Mathematical Thinking in theSocialSciences258–348 (FreePress, 1954).

35. Browne, M. W. Circumplex models for correlation matrices.
Psychometrika 57, 469–497 (1992).

36. van de Vijver, F. & Leung, K. Methods and data analysis for cross-
cultural research. Sage (1997).

37. Van de Vijver, F. & Tanzer, N. K. Bias and equivalence in cross-cultural
assessment: An overview. Eur. Rev. Appl. Psychol. 54, 119–135
(2004).

38. Church, A. T. Personality measurement in cross-cultural perspective.
J. Pers. 69, 979–1006 (2001).

39. Dana, R. H. Culture and methodology in personality assessment. In
Handbook of Multicultural Mental Health 97–120 (Academic Press,
2000).

40. Mitchell, A., Aletta, F. & Kang, J. How to analyse and represent
quantitative soundscape data. JASA Express Lett 2, 037201 (2022).

41. Russell, J. A. Is there universal recognition of emotion from facial
expression? A review of the cross-cultural studies.Psychol. Bull. 115,
102 (1994).

42. Markus, H. R. & Kitayama, S. Culture and the self: Implications for
cognition, emotion, and motivation. In College Student Development
and Academic Life, 264–293 (Routledge, 2014).

43. Matsumoto, D. & Ekman, P. American-Japanese cultural differences
in intensity ratings of facial expressions of emotion.Motiv. Emot. 13,
143–157 (1989).

44. Tsai, J. L. Ideal affect: Cultural causes and behavioral consequences.
Perspect. Psychol. Sci. 2, 242–259 (2007).

45. Lim, N., Ahn, J. & Kim, G. Cultural differences in emotion: Differences
in emotional arousal level between the East and the West. Front.
Psychol. 11, 1107 (2020).

46. Tsai, J. L., Louie, J. Y., Chen, E. E. & Uchida, Y. Learningwhat feelings
to desire: Socialization of ideal affect through children’s storybooks.
Pers. Soc. Psychol. Bull. 33, 17–30 (2007).

47. Triandis, H. C. The psychological measurement of cultural
syndromes. Am. Psychol. 51, 407 (1996).

48. Shott, S. Emotion and social life: A symbolic interactionist analysis.
Am. J. Sociol. 84, 1317–1334 (1979).

49. Ji, L. J., Zhang, Z. & Nisbett, R. E. Is it culture or is it language?
Examination of language effects in cross-cultural research on
categorization. J. Pers. Soc. Psychol. 87, 57 (2004).

50. Pons, F. et al. Individual differences in children’s emotion
understanding: Effects of age and language. Scand. J. Psychol. 44,
347–353 (2003).

51. Widen, S. C. & Russell, J. A. A closer look at preschoolers’ freely
produced labels for facial expressions. Dev. Psychol. 39, 114 (2003).

52. Steels, L. & Belpaeme, T. Coordinating perceptually grounded
categories through language: A case study for colour. Behav. Brain
Sci. 28, 469–488 (2005).

53. Matsumoto, D. & Hwang, H. C. Culture and Psychology in Oxford
Handbook of Cultural Neuroscience and Global Mental Health (eds.
Chiao, J. Y. et al.) (Oxford University Press, 2021).

54. Berry, J. W. On cross-cultural comparability. Int. J. Psychol. 4,
119–128 (1969).

55. Berry, J. W. Imposed etics—emics—derived etics: The
operationalization of a compelling idea. Int. J. Psychol. 24, 721–735
(1989).

56. Triandis, H. C. An approach to the analysis of subjective culture.
Transcultural research in mental health 16, 249–260 (1972).

57. Hwang,K. K. Face and favor: TheChinese power game.Am. J. Sociol.
92, 944–974 (1987).

58. Church, A. T. & Lonner, W. J. The cross-cultural perspective in the
study of personality: Rationale and current research. J. Cross-Cult.
Psychol. 29, 32–62 (1998).

59. Butcher, J. N. International adaptations of the MMPI-2: Research and
clinical applications (University of Minnesota Press, 1996).

60. Xie, H. et al. The equivalence between the Mandarin Chinese and
English versions of soundscape attributes: A cross-cultural
comparison. Appl. Acoust. 224, 110104 (2024).

61. Kim, U. & Berry, J. W. Indigenous psychology. Appl. Cross-Cult.
Psychol. 142–160 https://doi.org/10.4135/9781483325392 (1990).

62. Bond, M. H. Emotions and their expression in Chinese culture. J.
Nonverbal Behav. 17, 245–262 (1993).

63. Russell, J. A. & Yik, M. S. M. Emotion among the Chinese. In The
Handbook of Chinese Psychology (ed. Bond, M. H.) 166–188 (Oxford
University Press, 1996).

64. Lieberman, M. D. et al. Putting feelings into words: Affect labeling
disrupts amygdala activity in response to affective stimuli. Psychol.
Sci. 18, 421–428 (2007).

65. Nook, E. C., Schleider, J. L. & Somerville, L. H. A linguistic signature of
psychological distancing in emotion regulation. J. Exp. Psychol. Gen.
146, 337 (2017).

66. Yik, M. S. M. & Bond, M. H. Exploring the dimensions of Chinese
person perception with indigenous and imported constructs:
Creating a culturally balanced scale. Int. J. Psychol. 28, 75–95
(1993).

67. Cheung, F. M. et al. IndigenousChinese personality constructs: Is the
five-factor model complete?. J. Cross-Cult. Psychol. 32, 407–433
(2001).

68. Yang, K. S. & Bond, M. H. Exploring implicit personality theories with
indigenous or imported constructs: The Chinese case. J. Pers. Soc.
Psychol. 58, 1087 (1990).

69. Smith, P. B. Acquiescent response bias as an aspect of cultural
communication style. J. Cross-Cult. Psychol. 35, 50–61 (2004).

70. Tsui, A. S., Nifadkar, S. S. & Ou, A. Y. Cross-national, cross-cultural
organizational behavior research: Advances, gaps, and
recommendations. J. Manag. 33, 426–478 (2007).

71. Church, A. T. Personality research in a non-Western culture: The
Philippines. Psychol. Bull. 102, 272 (1987).

72. Mesquita, B. & Walker, R. Cultural differences in emotions: A context
for interpreting emotional experiences.Behav. Res. Ther. 41, 777–793
(2003).

73. Hong, J. Y. & Jeon, J. Y. Exploring spatial relationships among
soundscape variables in urban areas: A spatial statistical modelling
approach. Landsc. Urban Plan. 157, 352–364 (2017).

74. Conway, J. M., Jako, R. A. & Goodman, D. F. A meta-analysis of
interrater and internal consistency reliability of selection interviews. J.
Appl. Psychol. 80, 565 (1995).

75. Greenacre, M. et al. Principal component analysis.Nat. Rev. Methods
Primers 2, 100 (2022).

76. Sokal, R. R. & Sneath, P. H. A. Principles of Numerical Taxonomy (W.
H. Freeman and Co., 1963).

Acknowledgements
Y.Z. acknowledges Department of Science and Technology of Liaoning
Province Applied Fundamental Research Programme (No. 2023030045-
JH2/1013) and Educational Department of Liaoning Province Fundamental
Research Project (No. JYTZD2023172). Y.Z. and J.K. acknowledge
EuropeanResearchCouncil (ERC)AdvancedGrant (No. 740696). During the
preparation of this work the authors usedChatGPT-4o in order to proofread
for minor grammar and expression imperfections. After using this tool, the
authors reviewed and edited the content as needed and take full responsi-
bility for the content of the publication.

Author contributions
Duotuo Wu: Methodology, Investigation, Formal analysis, Writing - Original
Draft. Rumei Han: Formal analysis. Ruining Zhang: Investigation. Xinhao
Yang: Investigation. Yuan Zhang: Conceptualization, Methodology, Writing
- Review & Editing, Supervision, Funding acquisition. Jian Kang:
Conceptualization, Writing - Review & Editing, Supervision, Funding
acquisition.

https://doi.org/10.1038/s42949-025-00228-6 Article

npj Urban Sustainability |            (2025) 5:38 12

https://doi.org/10.4135/9781483325392
https://doi.org/10.4135/9781483325392
www.nature.com/npjurbansustain


Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains
supplementary material available at
https://doi.org/10.1038/s42949-025-00228-6.

Correspondence and requests for materials should be addressed to
Yuan Zhang or Jian Kang.

Reprints and permissions information is available at
http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in anymedium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the
article’sCreativeCommons licence and your intended use is not permitted
by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025

https://doi.org/10.1038/s42949-025-00228-6 Article

npj Urban Sustainability |            (2025) 5:38 13

https://doi.org/10.1038/s42949-025-00228-6
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
www.nature.com/npjurbansustain

	The untranslatability of environmental affective scales: insights from indigenous soundscape perceptions in China
	Results
	Construction of semantic space of soundscape affective quality in the Chinese context
	Soundscape affective quality comparisons between regions and within China
	Construction of an indigenous Chinese soundscape affective quality scale
	Measurement bias of the translated global SAQ scale

	Discussion
	Methods
	Outline
	Soundscape excerpts acquisition and screening
	Basic acoustic analysis of the acquired soundscape excerpts
	Gathering of indigenous Chinese SADs
	SAD filtering via online screening experiment
	Participants of the soundscape perception experiment
	Experimental procedure
	Statistical analyses

	Data availability
	Abbreviations
	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information




