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The soundscape approach has been utilised in recent research for residential envi-1

ronments, but applications to indoor working environments remain limited. This2

study investigated the suitability of affective quality evaluations of open-plan office3

acoustics. Perceptual assessments were completed by occupants of eight open-plan4

office floorplates, using affective dimensions outlined in PD ISO/TS 12913-3:20195

and indoor soundscape studies. Participant demographic, contextual, work-related6

quality, and psychological well-being data was collected. Workstation noise levels7

were measured following BS ISO 22955:2021. Principal component analysis identi-8

fied Pleasantness, Eventfulness, and Emptiness as the main perceptual dimensions,9

cumulatively explaining 56% of the total variance. Results indicate the suitability10

of the PD ISO/TS 12913-3:2019 two-dimensional model for open-plan offices. The11

perceived presence of human sounds negatively correlated with ISO Pleasantness yet12

positively correlated with ISO Eventfulness. Participant gender and aural diversity13

mediated ISO Pleasantness. Psychological well-being and work-related quality cor-14

related positively with soundscape pleasantness. No correlations were found between15

level-based acoustical indicators—equivalent continuous sound level (LAeq), level ex-16

ceeded 10% (LA10) and 90% (LA90) of the time, level variability (LA10-LA90) and17

Liveliness—and perceptual scores. A conceptual representation of open-plan office18

soundscape perception is presented, offering a framework for evaluating and designing19

workspaces to enhance well-being.20
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I. INTRODUCTION21

The significance of sound in open-plan offices has been extensively studied, with research22

showing relationships between acoustical characteristics and job satisfaction (Park et al.,23

2020), productivity (Felipe Contin de Oliveira et al., 2023), and well-being (Di Blasio et al.,24

2019). The international standards BS ISO 22955:2021 and BS EN ISO 3382-3:2022 detail25

the measurement and calculation procedures for acoustical indicators such as spatial decay26

rate of speech (D2,S), speech level at four-metre distance (Lp,A,S,4m) and in-situ acoustic27

attenuation of speech (DA,S) (ISO, 2021, 2022). BS ISO 22955:2021 defines the measurement28

of equivalent continuous workstation noise level (LAeq,T ), and percentile indices such as level29

exceeded 10% (LA10) and 90% (LA90) of the time; representing peak and background levels30

respectively (Yadav et al., 2021). Vellenga et al. (2017) propose the indicator Liveliness,31

calculated using a mapping between equivalent continuous workstation noise level and level32

exceeded 5% of the time (LA5).33

The appropriate methodology for the perceptual assessment of open-plan office acoustics34

is less clear: BS ISO 22955:2021 provides an example of a user survey on open-plan office35

acoustics but does not specify analysis procedures (ISO, 2021). In research literature, a va-36

riety of subjective assessment methodologies can be found: Hongisto et al. (2015) developed37

the “acoustic satisfaction” measure, calculated from a combination of affective and sound38

quality ratings; Chen and Ma (2022) propose a questionnaire to measure the health level of39

acoustic environments for occupants completing complex cognitive tasks; and Vellenga et al.40

3



(2017) utilised a one-dimensional assessment of “liveliness”, where “quiet” was assumed to41

oppose “turbulent”.42

In contrast, the perceptual assessment of outdoor soundscapes is standardised in the ISO43

12913 series (ISO, 2014, 2018, 2019). These guidelines define a “soundscape” as the “acous-44

tic environment as perceived or experienced and/or understood by a person or people, in45

context” and utilise the two-dimensional “pleasantness” and “eventfulness” perceptual as-46

sessment framework. Two-dimensional coordinates are calculated from subjective evaluation47

of the eight perceived affective qualities shown in Fig. 1. The two-dimensional model for48

soundscape perception was informed by exploratory studies, in which participants were asked49

to assess outdoor soundscapes using a large number of attributes (Axelsson et al., 2010; Cain50

et al., 2011). Principal component analysis (PCA) was used to reduce the original attributes51

to a smaller number of key components, and similarities to Russell’s circumplex model of52

affect were identified (Axelsson et al., 2010; Russell, 1980). Useful correlations have been53

found between soundscape pleasantness and eventfulness dimensions and the acoustical in-54

dicators: equivalent continuous sound level (LAeq,30s), loudness exceeded 10% of the time55

(N10) and loudness variability (N10-N90) (Axelsson et al., 2010).56

The resultant two-dimensional model of soundscape perception has been subsequently57

employed to identify associations between outdoor soundscape perception and: psychologi-58

cal well-being, sound source type and dominance (Erfanian et al., 2020), environmental usage59

context and aesthetics (Hong et al., 2020). Demographic factors such as age and gender have60

been shown to mediate soundscape perception (Erfanian et al., 2020), and tools have been61

developed for the probabilistic representation of soundscape perception—enabling recog-62

4



FIG. 1. Graphical representation of the two-dimensional model of soundscape perception presented

in PD ISO/TS 12913-3:2019 (ISO, 2019). Permission to reproduce extracts from British Standards

is granted by BSI Standards Limited (BSI). No other use of this material is permitted. British

Standards can be obtained from BSI Knowledge knowledge.bsigroup.com.

nition of the perceptual variances possible between occupants of an environment (Mitchell63

et al., 2022). Mitchell et al. (2021) demonstrate the ability to predict soundscape perception64

using acoustical indicators including LAeq,T and loudness exceeded 5% of the time (N5).65

By utilising an approach similar to the initial outdoor soundscape studies (Axelsson et al.,66

2010; Cain et al., 2011), the perceptual dimensions for indoor environments have been ex-67

plored. Torresin et al. (2020) propose a “comfort” and “content” two-dimensional framework68

for use in residential settings; also calculated from assessment of a set of eight perceived af-69

fective qualities. By directly applying this model to open-plan offices, Jo and Jeon (2022)70

identified a relationship between work-related quality and open-plan office soundscape per-71

ception, yet the suitability of perceptual dimensions developed for residential settings—using72

a virtual environment and stimuli designed to replicate a living room—in open-plan offices73

is unclear. Jo and Jeon (2022) reproduced audio-visual stimuli virtually; the correlation74

5



of which to in-situ soundscape assessment by real office occupants is also uncertain. Jo75

and Jeon (2022) found LAeq,T and LA10-LA90—the range between LA10 and LA90—to be76

useful indicators of soundscape subjective response. Acun and Yilmazer (2018) completed77

a qualitative study of open-plan office soundscape perception using the Grounded Theory78

approach. This study indicated the importance of affective qualities such as “promoting79

motivation” and “promoting concentration”.80

To confirm the key components of open-plan office soundscape perception, a study fol-81

lowing similar methodologies to those employed by Axelsson et al. (2010) and Torresin82

et al. (2020) is required. Development of a perceptual assessment methodology for open-83

plan offices, similar to the PD ISO/TS 12913-3:2019 two-dimensional model (ISO, 2019),84

will enable quantification of how occupants perceive the workplace acoustical environment.85

Consequently, providing a lexicon describing human experience to be used as a design tool.86

Applying such an experiential approach will ultimately enable workplace designers, and87

building users, to tailor the environment to better suit the conditions for intended activities88

(Acun and Yilmazer, 2018).89

The primary aims of this study were to investigate the applicability of soundscape per-90

ceptual assessment methodologies to the open-plan office environment and to confirm the91

key components of open-plan office soundscape perception. This study expands on the work92

previously presented by West et al. (2023), comprising a significantly larger dataset, and93

providing a more comprehensive analysis and discussion.94
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FIG. 2. Images of three example floorplates for which office soundscape assessments were com-

pleted.

II. METHODOLOGY95

A. Office Soundscape Assessments96

TABLE I. Summary of floorplate conditions during the office soundscape assessments. “Survey n”

indicates the number of completed participant questionnaires.

Floorplate
Area

(m2)

Ceiling

height (m)
Capacity

Density

(m2/p)

Occupancy

(%)

LAeq,9h

(dB)
Survey n

1.1 1008 2.9 132 7.6 16.7 44.6 8

1.2 1008 2.9 132 7.6 31.8 48.2 9

2 1086 2.9 121 9.0 50.4 48.2 21

3 478 3.0 76 6.3 25.0 50.8 11

4 435 2.9 56 7.8 52.8 48.5 12

5 768 2.9 124 6.2 62.1 47.8 24

6 1033 2.9 146 7.1 58.9 50.4 18

7 647 3.5 72 9.0 70.8 52.6 28

8 673 3.5 100 6.7 43.3 50.6 7

Total 138
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Office soundscape assessments were conducted in eight floorplate configurations across97

three buildings of two organisations—a university and a multidisciplinary consultancy—98

in the centre of Birmingham, United Kingdom (UK). An in-situ experimental design was99

elected to ensure results are representative of real workplace occupants and environments.100

All selected floorplates were fully open-plan—designed to accommodate multiple persons101

working without separation (Fayard et al., 2021; ISO, 2021)—and contained no fully enclosed102

workstations. All floorplates operated a hybrid working model, where colleagues move be-103

tween the office building and a home workspace throughout the working week (Oygür et al.,104

2022). The floorplates comprised colleagues from a variety of disciplines including human105

resources, engineering, planning, information technology, finance, estates, marketing, legal106

and academic services. An assortment of floorplate areas (435–1086m2), peak occupancy107

(16.7–70.8%) and densities (6.2–9.0m2/p) were captured. Table I displays the full range108

of floorplate conditions and associated participant survey responses. The surface materials109

in all floorplates were comparable and considered typical (Yadav et al., 2021), comprising:110

absorptive ceiling tiles or panels, painted plaster walls with windows, and carpet flooring.111

Floorplates both with and without desk dividers were included in the study. Images of exam-112

ple floorplates are shown in Fig. 2. Floorplate layouts can be viewed in the supplementary113

material for publication.114

The variance in peak occupancy between floorplates was dictated by the natural working115

requirements of the occupants based on each floorplate. Days with anticipated occupancy116

considered typical for each floorplate were selected for assessment. The range of included117

floorplate densities is in line with the UK average (British Council for Offices, 2022). Floor-118
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plates 2 and 7 had the most spacious density (9m2/p), with Floorplate 5 being the most119

crowded (6.2m2/p). Floorplate 2 had a similar area to Floorplate 1, but a more spacious120

density due to a greater provision of open meeting areas between desks. Floorplate 3 ob-121

served the second lowest peak occupancy and yet the second highest floorplate LAeq,9h; this122

is attributed to the observed collaborative nature of the tasks completed by occupants on123

this floorplate.124

1. Questionnaire125

An online questionnaire was developed to identify the important factors of open-plan126

office soundscape perception. Colleagues located within the floorplates on assessment days127

were asked to rate the soundscape, using a five-point Likert scale, against 26 unidirectional128

attributes. The attributes used were taken from PD ISO/TS 12913-2:2018 (ISO, 2018),129

the residential “comfort” and “content” framework proposed by Torresin et al. (2020), the130

affective qualities of office soundscape described by Acun and Yilmazer (2018) and an in-131

terpretation of the residential soundscape dimensions used by Jo and Jeon (2022) for office132

soundscape study. The number of initial attributes in this study was deliberately less than133

those used by Axelsson et al. (2010) and Torresin et al. (2020) for two reasons. First, the134

participants in the assessed office environments were at work; a short questionnaire dura-135

tion was therefore deemed important. Second, the aforementioned studies provided a more136

concise starting point for this study (Acun and Yilmazer, 2018; Axelsson et al., 2010; Jo137

and Jeon, 2022; Torresin et al., 2020).138
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Participants were asked to assess the soundscape overall, its appropriateness, and identify139

the presence of four classes of sound source using the methodology outlined in the PD140

ISO/TS 12913-2:2018 Method A questionnaire (ISO, 2018). The sound source classes were141

modified for appropriateness to the office environment based on the qualitative research142

completed by Acun and Yilmazer (2018), to: “Sounds from human beings”, “Mechanical143

and electronic sounds”, “Outdoor sounds” and “Music”.144

Demographic data was collected by asking participants to self-report age, gender and145

whether they would describe themselves as being aurally diverse. Contextual information146

was gathered, including self-assessment of the “operational requirement” for spending the147

day in the office, and “task type” was recorded using the activity categories defined in BS148

ISO 22955:2021 (ISO, 2021). Work-related quality was self-reported following the method-149

ology applied by Jo and Jeon (2022)—participants rated their work-related “satisfaction”,150

“willingness to work” and “productivity”. Participant psychological well-being was indi-151

cated using the World Health Organisation-Five Well-Being Index (WHO-5) which has seen152

success in other soundscape studies (Erfanian et al., 2020). Using this indicator, a score out153

of 100 is calculated based on participant responses to five statements describing how they154

have felt over the previous two weeks (Psykiatric Center North Zealand, 1998). The full155

participant questionnaire can be viewed in the supplementary material for publication.156

On the morning of each test day, all floorplate occupants were invited to participate in157

the study by email. The email included participant consent and information documents158

and a link to the questionnaire; presented via Microsoft Forms (Microsoft, 2024). Ethical159

approval was provided by the Faculty Academic Ethics Committee in advance of the study.160
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FIG. 3. Indicative schematic of floorplate measurement locations denoted with crosses (left), and

an image of an example workstation measurement setup (right).

Participation was voluntary with no compensation provided, resulting in a range of ques-161

tionnaire responses per floorplate (n). Across the nine test days, 138 occupants elected to162

complete the study comprising 68 female, 61 male, four non-binary and five preferring not163

to specify gender. The mean participant age was 40, with a range of 21–68 years and SD164

= 12.1. 19 participants self-reported as aurally diverse, with a range of hearing differences165

described including autism, noise sensitivity, hearing loss and the use of hearing aids (Drever166

and Hugill, 2023).167

2. Workstation Noise Levels168

On each assessment day, workstation noise levels were acquired in accordance with BS169

ISO 22955:2021 Annex E (ISO, 2021). Cirrus Optimus+ Red sound level meters were170

positioned at unoccupied workstations in different working zones within each floorplate;171

for example, a floorplate with four distinct teams working in four corners of the floorplate172
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would have comprised four measurement locations. The microphone tip was positioned 1.2m173

from the floor, on unoccupied desks representative of the rest of the zone; for instance, if174

the zone comprised desks without partitions the sound level meter was positioned on a desk175

without partitions. An example workstation measurement setup and floorplate measurement176

locations can be seen in Fig. 3. Measurements were completed for approximately nine hours,177

ensuring the start and end of the working day was captured. The “fast” time weighting was178

used (0.125s), and time history was recorded every second.179

For comparison to the perceptual data collected with the questionnaire, the acoustical180

indicators LAeq, LA10, LA90, LA10-LA90 and Liveliness were calculated for each floorplate181

measurement zone, for both nine-hour and 15-minute windows. An average floorplate LAeq,9h182

was also calculated. The calculated indicators were selected based on findings from other183

office acoustic or soundscape research (Axelsson et al., 2010; Torresin et al., 2020; Vellenga184

et al., 2017). The nine-hour window was included to represent the full working day, while185

the 15-minute window represents the survey completion period; based on the average partic-186

ipant survey completion duration. Each participant’s online questionnaire completion time187

was used to determine the closest 15-minute measurement interval to utilise for analysis.188

Due to privacy concerns raised by office occupants audio was not captured, limiting the189

psychoacoustic indicators calculable to the level-based metrics discussed.190

B. Data Analysis191

Statistical analyses were completed using the software environment R (Version 4.2.1) (R192

Core Team, 2022). Principal component analysis was completed to reduce the 26 attributes193
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to several principal components (PC) explaining most of the data variance. To ensure194

the appropriateness of PCA, the dataset was tested using the Kaiser-Meyer-Olkin (KMO)195

measure of sampling adequacy (0.87) and Bartlett’s test of sphericity (p < 0.001) (Bartlett,196

1937; Kaiser, 1960). As interpretation of the initial components was intuitive, no rotation197

was required (Torresin et al., 2020).198

For comparison to the calculated participant scores for the extracted principal compo-199

nents (cf. Section IIIA), the two-dimensional pleasantness P and eventfulness E coordinates200

were calculated in accordance with PD ISO/TS 12913-3:2019 (ISO, 2019):201

P = (p− a) + cos45◦ · (ca− ch) + cos45◦ · (v −m) (1)

E = (e− u) + cos45◦ · (ch− ca) + cos45◦ · (v −m) (2)

where a, ca, ch, e, m, p, u and v respectively represent the eight perceived affective202

qualities: annoying, calm, chaotic, eventful, monotonous, pleasant, uneventful and vibrant.203

Pearson correlation coefficients were calculated for interval and continuous variables. Spear-204

man’s rank correlation coefficients were calculated for ordinal variables. One-way analysis of205

variance (ANOVA) was calculated for categorical variables except aural diversity, for which206

Welch’s t-tests were performed due to the unequal sample size between groups (ISO, 2019).207

III. RESULTS208

A. Principal Component Analysis209

The first three components respectively explained 34%, 16% and 6% of the total vari-210
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FIG. 4. Loadings of the 26 attribute scales to PC1 and PC2. Three areas are indicated according

to the distance between the attribute vectors (va) and the origin: Zone 1, va
2<0.50 (white); Zone

2, 0.50≤va
2<0.70 (light grey); Zone 3, va

2≥0.70 (dark grey), where va
2 represents the amount of

attribute variance explained by the plotted PCs.

ance and were directly interpreted. Two additional components satisfied the Kaiser crite-211

rion (eigenvalue >1.0)—cumulatively explaining 9% additional variance—but could not be212

meaningfully interpreted (Axelsson et al., 2010; Torresin et al., 2020). The following results213

concern the first three components only.214

Fig. 4 shows the component loading plot for PC1 and PC2, displaying the contributions215

of the original 26 attributes to the first two components. Fig. 5 shows the component loading216
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FIG. 5. Loadings of the 26 attribute scales to PC2 and PC3. Three areas are indicated according

to the distance between the attribute vectors (va) and the origin: Zone 1, va
2<0.50 (white); Zone

2, 0.50≤va
2<0.70 (light grey); Zone 3, va

2≥0.70 (dark grey), where va
2 represents the amount of

attribute variance explained by the plotted PCs. Variables with va<0.5 are not labelled.

plot for PC2 and PC3. To enable direct comparison to previous soundscape studies, three217

areas are indicated according to the distance between the attribute vectors (va) and the218

origin: Zone 1, va
2<0.50 (white); Zone 2, 0.50≤va

2<0.70 (light grey); Zone 3, va
2≥0.70219

(dark grey), where va
2 represents the amount of attribute variance explained by the plotted220

PCs (Axelsson et al., 2010; Torresin et al., 2020). The components were interpreted by221

identifying the most correlated variables, both positively and negatively (Axelsson et al.,222
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2010; Torresin et al., 2020).223

The first component was best explained by “comfortable”, “pleasant” and “promoting224

concentration” in the positive direction; “demotivating”, “irritable” and “disturbing” in the225

negative direction, and was subsequently labelled Pleasantness. The second component was226

best explained positively by “eventful”, “vibrant” and “full of content”, and negatively by227

“detached”, “uneventful” and “empty”, and was labelled Eventfulness. The third component228

was best explained by “empty” and “detached” in the positive direction and was labelled229

Emptiness.230

B. Relationships Between Variables231

Table II shows the Pearson correlation coefficients between the PC scores, the PD ISO/TS232

12913-3:2019 two-dimensional coordinates: ISO Pleasantness and ISO Eventfulness, and233

the nine-hour and 15-minute level-based acoustical indicators. PC1 Pleasantness scores234

were very strongly positively correlated with ISO Pleasantness coordinates, as were PC2235

Eventfulness scores with ISO Eventfulness. No significant correlations were found between236

the level-based acoustical indicators calculated and the perceptual scores.237

Spearman’s rank correlation coefficients are displayed in Table III for the PC scores,238

PD ISO/TS 12913-3:2019 coordinates, soundscape assessment and appropriateness, sound239

source dominance, operational requirement, work-related quality and WHO-5 Well-being240

Index scores. PC1 Pleasantness scores and ISO Pleasantness coordinates were strongly241

positively correlated with overall soundscape assessment scores. PC1 Pleasantness scores242

and ISO Pleasantness coordinates were strongly and moderately positively correlated with243
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TABLE II. Pearson correlation coefficients between the PC scores, PD ISO/TS 12913-3:2019 two-

dimensional coordinates and acoustical indicators.

PC1

Pleasantness

PC2

Eventfulness

PC3

Emptiness

ISO

Pleasantness

ISO

Eventfulness

PC2 Eventfulness −0.02

PC3 Emptiness 0.01 0.00

ISO Pleasantness 0.91 *** −0.07 0.05

ISO Eventfulness −0.16 . 0.83 *** −0.18 * −0.21 *

Zonal LAeq,9h 0.14 0.10 −0.30 0.04 0.19

Average Floorplate LAeq,9h 0.14 −0.04 −0.25 0.02 0.06

LA10,9h 0.16 0.09 −0.30 0.07 0.18

LA90,9h 0.17 0.05 −0.28 0.07 0.11

LA10,9h-LA90,9h −0.13 0.01 0.19 −0.05 −0.02

Liveliness9h 0.21 0.11 −0.19 0.15 0.10

Zonal LAeq,15min 0.11 0.17 −0.21 0.03 0.22

LA10,15min 0.15 0.16 −0.16 0.07 0.19

LA90,15min 0.20 0.09 −0.26 0.08 0.14

LA10,15min-LA90,15min −0.15 0.07 0.24 −0.04 0.03

Liveliness15min 0.10 0.20 −0.02 0.05 0.16

. p ≤0.10, * p ≤0.05, ** p ≤0.01, *** p ≤0.001

soundscape appropriateness scores respectively. PC1 Pleasantness scores and ISO Pleas-244

antness coordinates were moderately negatively correlated with sounds from human beings245

scores. A moderate negative correlation was also observed between PC1 Pleasantness scores246

and ISO Pleasantness coordinates with mechanical and electronic sounds scores. PC2 Event-247

fulness scores and ISO Eventfulness coordinates were moderately positively correlated with248

sounds from human beings scores. PC1 Pleasantness scores and ISO Pleasantness coordi-249
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TABLE III. Spearman’s rank correlation coefficients for the PC scores, PD ISO/TS 12913-3:2019

two-dimensional coordinates, soundscape assessment and appropriateness, sound source domi-

nance, operational requirement, WHO-5 Well-Being Index and work-related quality scores.

PC1

Pleasantness

PC2

Eventfulness

PC3

Emptiness

ISO

Pleasantness

ISO

Eventfulness

Soundscape assessment 0.74 *** 0.05 −0.08 0.62 *** −0.09

Soundscape

appropriateness

0.55 *** −0.05 −0.07 0.47 *** −0.15

Sounds from human beings −0.34 * 0.39 ** −0.14 −0.34 * 0.43 ***

Mechanical and electronic

sounds

−0.36 ** 0.07 −0.15 −0.42 *** 0.22

Outdoor sounds −0.15 −0.05 0.12 −0.16 0.02

Music 0.04 −0.02 0.12 −0.03 0.04

Operational requirement 0.09 0.03 0.10 0.10 −0.07

Work-related satisfaction 0.56 *** 0.05 −0.06 0.52 *** −0.04

Willingness to work 0.35 * 0.13 0.02 0.31 . 0.08

Perceived productivity 0.40 *** 0.00 −0.02 0.36 ** −0.07

WHO-5 0.43 *** 0.00 −0.05 0.40 *** −0.05

. p ≤0.10, * p ≤0.05, ** p ≤0.01, *** p ≤0.001

nates were strongly positively correlated with overall work-related satisfaction. PC1 Pleas-250

antness scores and ISO Pleasantness were moderately positively correlated with perceived251

productivity and willingness to work scores; although the correlation between ISO Pleasant-252

ness coordinates and willingness to work scores is at the 90% confidence level. Both PC1253

Pleasantness scores and ISO Pleasantness coordinates were moderately positively correlated254

with WHO-5 Well-Being Index scores.255

Table IV shows the one-way analysis of variance results for ISO Pleasantness and ISO256
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TABLE IV. One-way ANOVA results for ISO Pleasantness and ISO Eventfulness according to

self-reported gender and task type.

df SS MS F p

ISO Pleasantness Gender 3 1.198 0.3993 4.453 p = 0.005 **

Residuals 132 11.836 0.0897

Task type 4 0.727 0.18164 1.952 p = 0.105

Residuals 133 12.374 0.9304

ISO Eventfulness Gender 3 0.012 0.00390 0.051 p = 0.985

Residuals 132 10.108 0.07658

Task type 4 0.066 0.01642 0.215 p = 0.929

Residuals 133 10.137 0.07622

. p ≤0.10, * p ≤0.05, ** p ≤0.01, *** p ≤0.001

Eventfulness, by gender and task type. A statistically significant difference was found in257

ISO Pleasantness score according to gender; graphically displayed in Fig. 6. Welch’s t-tests258

were performed to compare ISO Pleasantness and ISO Eventfulness in self-reported aural259

diversity. There was a significant difference in ISO Pleasantness between participants who260

self-identified as aurally diverse (M = −0.031, SD = 0.42) and those who did not (M =261

0.171, SD = 0.28); t(20) = 2.005, p = 0.058, albeit at the 90% confidence level. A significant262

difference was also observed in ISO Eventfulness between participants who self-identified as263

aurally diverse (M = 0.158, SD = 0.25) and those who did not (M = −0.081, SD = 0.27);264

t(25) = −3.828, p ≤ 0.001.265266

IV. DISCUSSION267

The PCA results demonstrate the affective response to office soundscapes can largely268

19



−1.0

−0.5

0.0

0.5

1.0

Female Male Non−binary Prefer not
to say

NA

Gender

IS
O

  P
le

as
an

tn
es

s

FIG. 6. Boxplot of ISO Pleasantness by self-reported gender. The central line within the boxes

indicates the statistical median.

be described by three main components: Pleasantness, Eventfulness and Emptiness. Com-269

parison of Fig. 4 to Fig. 1—the graphical representation of the two-dimensional model of270

soundscape perception presented in PD ISO/TS 12913-3:2019 (ISO, 2019)—identifies clear271

similarities. Loadings for the first component show a cluster of variables akin to “pleasant”:272

“comfortable”, “promoting concentration” and “relaxing” in the positive direction, and a273

group of variables similar to “annoying” in the negative direction: “demotivating”, “irrita-274

ble” and “disturbing”. The second component observes “eventful” in the positive direction275

and “uneventful” in the negative direction, acting approximately perpendicular to the PC1276

axis.277

A cluster of variables with positive loadings for both PC1 Pleasantness and PC2 Event-278

fulness are similar to “vibrant”: “interesting” and “engaging”. Conversely, variables with279
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negative loadings for both PC1 Pleasantness and PC2 Eventfulness include “boring” and280

“monotonous”. The variable “chaotic” has a negative loading for PC1 Pleasantness and a281

positive loading for PC2 Eventfulness, whilst “calm” observes a positive loading for PC1282

Pleasantness and a negative loading for PC2 Eventfulness. This distribution of variables283

is comparable to the proposed relationship of the eight attributes contributing to the PD284

ISO/TS 12913-3:2019 two-dimensional model (ISO, 2019). The described behaviour of PC1285

Pleasantness and PC2 Eventfulness component loadings—further supported by the very286

strong correlations between PC1 Pleasantness and ISO Pleasantness, PC2 Eventfulness and287

ISO Eventfulness—indicates the applicability of the two-dimensional soundscape model to288

open-plan offices.289

Due to the strong negative loading from “demotivating” on PC1 Pleasantness, and the290

partial loading of “annoying” on PC2 Eventfulness—resulting in subtle differences between291

PC score and ISO coordinate correlations with other variables—it could be argued use of292

an amended version of the PD ISO/TS 12913-3:2019 two-dimensional model would be more293

appropriate in open-plan office environments, with “annoying” replaced by “demotivating”.294

The very strong correlations between PC1 Pleasantness and ISO Pleasantness ; and PC2295

Eventfulness and ISO Eventfulness, and the practicality of expecting practitioners to use296

a different two-dimensional model per environment—outdoor, residential and open-plan-297

offices—supports the conclusion that the PD ISO/TS 12913-3:2019 two-dimensional model298

is suitable for soundscape assessment of open-plan office environments.299

The third component: PC3 Emptiness observed positive loadings from “empty” and300

“detached”, but also “full of content”. The variables “empty” and “detached” loaded nega-301
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tively on PC2 Eventfuless, whereas “full of content” loaded PC2 Eventfuless positively. This302

behaviour may be explained by circumstances where the immediate physical environment303

is “empty” but the acoustical environment is eventful, or “full of content”, for example304

when sound is audible from distant office occupants but the desks around the participant305

are vacant (Haapakangas et al., 2017). The value of PC3 Emptiness for office soundscape306

assessment should be further explored in future studies.307

A strong positive correlation between ISO Pleasantness and overall soundscape assess-308

ment scores confirms increased perceptions of pleasantness are associated with increased309

overall office soundscape assessment; a similar effect has been observed in outdoor envi-310

ronments (Axelsson, 2015). A moderate correlation indicates a similar relationship between311

perceptions of pleasantness and office soundscape appropriateness. While these findings may312

appear axiomatic, it does not necessarily hold true that increased soundscape pleasantness313

should lead to increased perceived appropriateness; in an exterior context, high levels of314

traffic noise may be deemed unpleasant and yet appropriate if the assessment environment315

is a roadside. Such divergence between soundscape appropriateness and overall assessment316

has been observed in outdoor studies (Axelsson, 2015).317

Sounds from human beings were found to contribute negatively to office soundscape pleas-318

antness, indicating the importance of reducing the perceived presence of human generated319

sounds—speech, conversation, laughter—for improving office soundscape pleasantness. This320

is consistent with findings from studies using both qualitative and quantitative methods,321

where speech related noise has been identified as a key issue in open-plan offices (Acun and322

Yilmazer, 2018; Haapakangas et al., 2017; Roskams et al., 2019). Sounds from human beings323
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were found to contribute positively to ISO Eventfulness scores, corresponding with outdoor324

soundscape studies (Axelsson et al., 2010; Erfanian et al., 2020). These findings imply dispar-325

ity between sound source compositions leading to increased office soundscape pleasantness326

and eventfulness perception. The moderate negative correlation between ISO Pleasantness327

and mechanical and electronic sounds—keyboard, printer, call alerts, ventilation—indicates328

control of these sound sources is also important.329

Gender was associated with changes in ISO Pleasantness score, with male participants330

observing a higher median than females. This is in contradiction with outdoor soundscape331

study (Erfanian et al., 2020), where males scored soundscape pleasantness more negatively332

than females and it was argued variance in soundscape perception by gender may be caused333

by emotional (Yang and Kang, 2005) or auditory processing differences (Simon-Dack et al.,334

2009). Kim et al. (2013) concluded female office occupants’ satisfaction levels were consis-335

tently lower than male occupants for 15 indoor environmental quality indicators—including336

noise levels and sound privacy. The cause of these deviations should be further explored,337

with other sources citing office design as being conceptualised based on masculine behaviours338

(Hirst and Schwabenland, 2018).339

Aural diversity was also found to mediate ISO Pleasantness, with those self-identifying340

as being aurally diverse yielding a lower mean score than participants who did not. The341

opposite effect was observed for ISO Eventfulness. This highlights the necessity for further342

discussion: should office environments be designed for aural-typical occupants or those with343

the most sensitive needs (Drever and Hugill, 2023; Roskams et al., 2019)? Drever and Hugill344

(2023) encourage acknowledgement of the “complexities of lived and embodied experience345
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FIG. 7. A conceptual representation of open-plan office soundscape perception, adapted from

the perceptual construct of soundscape perception presented in BS ISO 12913-1:2014 (ISO, 2014).
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in all its diversity and fluctuation”; a sentiment this evidence suggests should be applied to346

open-plan office soundscape design. It should also be noted approximately one-sixth of the347

study participants self-identified as aurally diverse—a figure in line with global population348

estimates (Drever and Hugill, 2023).349

No statistically significant relationship was found between soundscape scores and partici-350

pant task type. This contradicts other studies, where it was concluded soundscape preference351

depended on task type, mood and personal preference (Acun and Yilmazer, 2018). This ef-352

fect should be explored further, using cognitive tests to understand participants’ ability to353

perform a variety of tasks in varying open-plan office soundscapes (Yadav et al., 2023).354355

The moderate positive correlation between ISO Pleasantness and the WHO-5 Well-Being356

Index indicates a relationship between office occupant psychological well-being and sound-357
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scape pleasantness perception. Similar effects have been observed in exterior soundscape358

studies and were attributed to the concept that well-being underlies perception of the exter-359

nal world (Erfanian et al., 2020). Sander et al. (2021) identified office noise as a cause of stress360

using physiological measures, and as such, the possibility of office soundscapes negatively361

impacting occupant well-being should not be rejected. The positive correlations between362

ISO Pleasantness and: work-related satisfaction, willingness to work and perceived produc-363

tivity may also be explained by underlying participant well-being. However, studies have364

shown the negative impacts of noise on cognitive performance and disturbance—particularly365

meaningful speech (Renz et al., 2018; Yadav et al., 2023)—indicating the likelihood of a link366

between office soundscape perception and work performance. It should be highlighted the367

measures of well-being and work-related quality used in this study were self-reported. Future368

research should investigate whether the perception of office soundscapes mediates well-being,369

using psycho-physiological indicators such as heart rate or skin conductance, and produc-370

tivity, using cognitive performance tests such as serial recall tasks, to confirm the validity371

of the self-reported measures (Medvedev et al., 2015; Yadav et al., 2023). The use of vir-372

tual assessment environments would enable the collection of such data (Yadav et al., 2023).373

While causality has not been proven in this study, these findings reiterate the important re-374

lationship between the office acoustical environment, employee well-being and productivity375

(Bergefurt et al., 2022; Yadav et al., 2023).376

The lack of correlation between the level-based nine-hour and 15-minute acoustical indica-377

tors calculated and the perceptual scores, necessitates investigation of alternative acoustical378

indicators for objective quantification of office soundscape perception. In residential envi-379
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ronments, the most strongly correlated indicators for soundscape comfort and content were380

N10 and LA10-LA90 respectively (Torresin et al., 2020). A limitation of the current study is381

the inability to calculate loudness indicators such as N10—due to the privacy concerns raised382

by office occupants preventing audio capture. Future studies should investigate appropriate383

indicators using virtual evaluation environments where privacy is not a concern (Jeon et al.,384

2022).385

The usefulness of room acoustic indicators—particularly those outlined in BS ISO386

22955:2021 and BS EN ISO 3382-3:2022—should also be explored (ISO, 2021, 2022). Re-387

verberation time (T ) and distraction distance (rD) have been shown to successfully indicate388

changes in cognitive performance and disturbance by noise respectively (Haapakangas et al.,389

2017; Yadav et al., 2023), implying the potential for application in the quantification of office390

soundscape perception. Virtual evaluation environments should be utilised in any future391

study exploring interactions between room acoustic indicators and office soundscape per-392

ception, providing the ability to vary room acoustic properties in a controlled manner (Jeon393

et al., 2022). This in-situ study naturally includes a limited range of floorplate densities,394

ceiling heights and materials; virtual evaluation will enable the assessment of a wider range395

of office designs. It is not expected that assessment of a larger range of office configurations396

would change the concluded suitability of the PD ISO/TS 12913-3:2019 two-dimensional397

model, but quantifying the effect of varying common design parameters on soundscape per-398

ception would help inform practitioner design decisions. The study is also limited to fully399

hybrid workplaces located in Birmingham, UK. In 2023, 83% of organisations in the UK400

had hybrid working in place (CIPD, 2023), however, the ability to generalise the conclusions401
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made in this study to other regions and languages should be explored in future studies402

(Puglisi et al., 2024).403

A conceptual representation of open-plan office soundscape perception, adapted from404

the perceptual construct of soundscape perception presented in BS ISO 12913-1:2014 (ISO,405

2014), is shown in Fig. 7. The proposed framework enhances the BS ISO 12913-1:2014 model406

with the evidence obtained through this research for use in open-plan office environments.407

V. CONCLUSIONS408

The primary aims of this study were to investigate the applicability of soundscape per-409

ceptual assessment methodologies to the open-plan office environment and confirm the key410

components of open-plan office soundscape perception. The main conclusions are:411

• Three principal perceptual dimensions: Pleasantness, Eventfulness and Emptiness,412

were found to explain 56% of the variance within 26 attribute rating scales;413

• Similarities between the first two dimensions—Pleasantness and Eventfulness—and414

the PD ISO/TS 12913-3:2019 two-dimensional model suggest the applicability of the415

PD ISO/TS 12913-3:2019 two-dimensional model to open-plan office soundscape as-416

sessment (ISO, 2019);417

• ISO Pleasantness scores were positively correlated with overall office soundscape as-418

sessment and appropriateness;419

• The perceived presence of sounds from human beings was negatively correlated with420

ISO Pleasantness scores but positively correlated with ISO Eventfulness scores.421
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Additional findings include:422

• Participant gender and self-reported aural diversity were shown to mediate ISO Pleas-423

antness scores;424

• Psychological well-being and overall work-related satisfaction, willingness to work and425

perceived productivity were correlated with soundscape pleasantness scores;426

• No correlation was evident between the calculated, level-based, nine-hour or 15-minute427

acoustical indicators and perceptual scores.428

Future work will expand on the conclusions and limitations of this study by utilising429

virtual evaluation environments. Exploration of the influence of office design parameters on430

soundscape perception will ultimately identify appropriate room acoustic and psychoacoustic431

indicators for predicting open-plan office soundscape perceptual performance.432
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