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Abstract

The coronavirus disease 2019 (COVID-2019)-induced changes in the workplace present a timely oppor-
tunity for human resource management practitioners to consider and remediate the deleterious effects of
noise, a commonly cited complaint of employees working in open-plan office (OPO) environments.
While self-reports suggest that OPO noise is perceived as a stressor, there is little experimental research
comprehensively investigating the effects of noise on employees in terms of their cognitive performance,
physiological indicators of stress, and affect. Employing a simulated office setting, we compared the effects
of a typical OPO auditory environment to a quieter private office auditory environment on a range of
objective and subjective measures of well-being and performance. While OPO noise did not reduce imme-
diate cognitive task performance compared to the quieter environment, it did reduce psychological well-
being as evidenced by self-reports of mood, facial expressions of emotion, and physiological indicators of
stress in the form of heartrate and skin conductivity. Our research highlights the importance of using a
multimodal approach to assess the impact of workplace stressors such as noise. Such an approach will
allow HR practitioners to make data-driven recommendations about the design and modification of work-
spaces to minimize negative effects and support employee well-being.
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The coronavirus pandemic caused a sudden and substantial shift in the location of work, with
entire workforces moving from working in communal office settings to working-from-home vir-
tually overnight. As employees begin to return to the office, possibly in conjunction with working
from home part of the time, organizations are reconsidering their options for providing healthy
and facilitating workspaces. Potentially reduced employee density may offer the opportunity to
redesign workspaces and overcome known problems with the dominant pre-pandemic design,
the open plan office (OPO). Prior to the pandemic, 70% of office-based employees worked in
OPO (Konnikova, 2014) with many employees sharing common work areas with few walls
and little distance between desks (Ayoko & Ashkanasy, 2020; Bodin Danielsson, Chungkham,
Wulff, & Westerlund, 2014; Danielsson and Bodin, 2008; Oldham & Rotchford, 1983).
Occupant complaints about this design are rife (e.g., Davis, Leach, & Clegg, 2011; Kim & De
Dear, 2013), particularly when compared to enclosed private or semi-private offices.

OPO and other workspace designs have been studied using the concept of indoor environmen-
tal quality (IEQ). This is often assessed by occupant reports of their satisfaction with features of
the workspace including thermal comfort, air quality, visual and acoustic privacy, noise level, fur-
nishings, lighting, and layout. The most commonly used self-report measures of IEQ are the
building use survey (BUS) and the center for the built environment (CBE) survey
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(Heinzerling, Schiavon, Webster, & Arens, 2013). Research using both of these measures has
documented considerable dissatisfaction with OPO (Kim & De Dear, 2013; Leaman &
Bordass, 1999). While issues of lack of visual privacy and visual distractions occur, complaints
about noise level and associated distraction appear to be very common and distressing for
employees (Kim & De Dear, 2013; Lee, Lee, Jeon, Zhang, & Kang, 2016). A survey of over
40,000 occupants in 304 office buildings using the CBE measure of indoor environmental quality
found that high noise levels and lack of sound privacy were among the most problematic issues
for employees in OPOs (Kim & De Dear, 2013). For this reason, we have chosen to concentrate
on the auditory environment in this research.

Research has shown that noise in OPOs can result in increased perceived cognitive workload
(Smith-Jackson & Klein, 2009), impaired concentration (Banbury & Berry, 2005), and reduced
energy and motivation (Jahncke, Hygge, Halin, Green, & Dimberg, 2011), cognitive performance
(Lamb & Kwok, 2016), and psychological and physiological well-being (Danielsson & Bodin,
2008; Langer, Taylour, & Smith, 2020; Pejtersen, Feveile, Christensen, & Burr, 2011). Although
perceived noise level and noise distraction are common complaints in surveys of employees work-
ing in OPO, objective levels and properties of the office acoustic environment are seldom mea-
sured or manipulated. In a recent review of the effects of office environments on employee
well-being, Colenberg, Jylhä, and Arkesteijn (2021) found only four such studies and called for
further research on the effects of objective acoustic properties on office occupants. We respond
to this call in the current research by experimentally manipulating the acoustic environment at
two levels: higher noise at a level typical of OPO and lower noise at a level typical of private
offices. Further, we go beyond occupant opinion surveys to measure the effects of noise on object-
ive performance and physiological stress responses in addition to self-reports.

A human resource role in workspace design

The role of human resources in the mutual gains approach in HRM has been the subject of
increasing attention by scholars in recent years as the relationships between a healthy workplace,
collective well-being, and organizational performance have been more clearly documented (see,
for example, Ho & Kuvaas, 2020; Huettermann & Bruch, 2019). As individuals return to shared
work environments post-pandemic in gradual, staged, and partial ways, HR experts are well
positioned to advocate in a data-driven way for mutual gains in the re-design of workspaces.
The human resource function will play an increasing role in this new landscape to optimize well-
being outcomes for employees and performance outcomes for employers. It is likely that many
organizations will shift to hybrid work arrangements post-pandemic, in which employees regu-
larly work both from home and in the office. Companies are now considering how the purpose
and layout of office spaces may change to better fit employee needs, such as connecting with col-
leagues and conducting collaborative work when needed, while also reducing the negative effects
of the noisy and high-density OPO of the past (Davis et al., 2011; Elsbach & Pratt, 2007). It is
important that HR experts take an evidence-based approach to the recommendations they
make in regard to workspace design.

We contribute to this evidence base by providing a rigorous approach to determining the true
effects of workspace noise on a wide range of outcomes relevant to employee performance and
well-being. As mentioned, most existing research on OPO effects uses survey designs in which
employee perceptions of noise are correlated with their self-reports of outcomes such as satisfac-
tion, performance, and health, usually while working in a single type of workspace. Attributing
causality to the workspace is difficult, much less identifying which aspect of the workspace is
actually problematic and should be a target for remediation. While this kind of survey work raises
interesting issues and should be considered by HR experts, it will be most useful and convincing if
paired with experimental demonstrations that objectively manipulated office design features cause
objectively measured employee outcomes.

2 Elizabeth (Libby) J. Sander et al.

at https://www.cambridge.org/core/terms. https://doi.org/10.1017/jmo.2021.17
Downloaded from https://www.cambridge.org/core. University of Glasgow Library, on 12 Aug 2021 at 07:12:55, subject to the Cambridge Core terms of use, available

https://www.cambridge.org/core/terms
https://doi.org/10.1017/jmo.2021.17
https://www.cambridge.org/core


This paper uses a repeated measures experimental design in which the same individuals work
under two noise conditions which are carefully manipulated to simulate typical open plan and
private office noise levels. This allows causal conclusions to be reached about the effects of the
objective auditory environment. In addition, we collect both objective and subjective measures
of a range of relevant outcomes which research suggests may be affected by noise exposure.
These include a total of nine indicators covering cognitive performance, a number of physio-
logical measures of the stress response, and both subjective and objective measures of affective
responses. Some of these measures require special instrumentation and cannot be collected in
field settings. Our use of a comprehensive multimodal approach for assessing responses to
noise allows for a nuanced understanding of how environmental stressors may affect some
types of outcomes but not others. Taken together, existing field surveys of employee perceptions
of Indoor Environmental Quality plus laboratory-based research demonstrating causal effects of
specific auditory environments on objectively measured outcomes will best support the decisions
and recommendations of HR experts considering workspace design post-COVID.

Office noise and employee responses

Offices are never entirely silent. In enclosed private offices, steady background noise comes from
ventilation and computer fans, with intermittent noise from the keyboard, phone, and computer
of the occupant, plus the possibility of passing footsteps or conversations outside the office door.
On average, the background noise in a private enclosed office is about 39 db(A)
(Kaarlela-Tuomaala, Helenius, Keskinen, & Hongisto, 2009). In OPO, noise sources from com-
puters are magnified by the number of people present, by shared facilities such as copy machines
and elevators, by footsteps, paper shuffling, drawer opening and closing by other occupants, and
by phone and face-to-face conversations held by others in the room (Haapakangas, Hongisto,
Hyönä, Kokko, & Keränen, 2014; Haka et al., 2009; Kostallari, Parizet, Chevret, Amato, &
Galy, 2010; Senan, Jelfs, & Kohlrausch, 2018). These noises may be exacerbated by high occupant
density and the typically ‘hard’ acoustical properties of OPOs. On average, the background noise
in an OPO is on average between 52 and 58 db(A) (Delle Macchie, Secchi, & Cellai, 2018;
Hoogendoorn, 1973). Below, we develop rationales for the effects of noise on three categories
of outcomes: cognitive performance, physiological stress responses, and affect.

Cognitive performance

Attention and working memory theory (Baddeley & Hitch, 1974) from cognitive psychology pro-
vides a potential explanation for why noise may reduce cognitive performance. The working
memory model describes the attentional and short-term memory components that underpin per-
formance in a wide range of cognitive tasks. The original Baddeley & Hitch model proposes a
three-component system, which includes an attentional module (the central executive) and
two short-term memory modules, one for verbal input and the other for visual input. The central
executive controls the allocation of limited attentional resources to tasks, stimuli, and the two
types of short-term memory. The capacity of all these components is finite.

Given the limited capacity of the memory stores, irrelevant information is predicted to inter-
fere with the perception and processing of task relevant information in the same domain.
Specifically, it has been shown that noise in the form of irrelevant speech will load the short-term
auditory/verbal memory store so that less capacity is available for processing task relevant verbal
information (Colle & Welsh, 1976; Salame & Baddeley, 1982). Moreover, abrupt task-irrelevant
distractors have the capacity to capture central executive functions, which can further reduce
task performance. It therefore seems likely that OPO noise impairs performance in two ways.
Firstly, irrelevant intelligible speech may reduce processing capacity for any task that requires
processing of written or spoken verbal information (such as text editing) by competing for the
limited store of verbal memory. Secondly, abrupt office sounds, such as ringing phones, will
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capture central processing resources away from the task, which should lead to lapses in perform-
ance in all task that require focused attention.

Irrelevant speech (such as co-worker chatter or overheard phone calls) has been shown to be the
most disturbing form of noise in OPO because distractions arise not just from the level of noise but
also the meaning of the conversation which can hijack attention (Beaman, 2005; Venetjoki,
Kaarlela-Tuomaala, Keskinen, & Hongisto, 2006; Yadav and Cabrera, 2019) and reduce cognitive per-
formance (Di Blasio, Shtrepi, Puglisi, & Astolfi, 2019). For instance, productivity has been found to
decrease by up to two-thirds when employees are exposed to conversations by colleagues (Iannace,
Ciaburro, & Trematerra, 2018; Węziak-Białowolska, Dong, & McNeely, 2018). In the laboratory,
Haapakangas et al. (2014) showed that speech noise negatively affects performance on tasks involving
both short- and long-term memory. In the presence of speech distractors, individuals are more likely
to re-read previously read words or have higher fixation on single words during a reading task (Yan,
Meng, Liu, He, & Paterson, 2018), thereby interfering with their ability to extract and understand the
meaning of the text. Furthermore, Liebl, Assfalg, and Schlittmeier (2016) have shown that variable
and unpredictable sounds such as speech are particularly detrimental to performance since they
are more difficult to habituate to. These studies suggest the likelihood that deficits in attention and
working memory are the reasons that noise negatively influences cognitive performance.

Hypothesis 1: Cognitive performance will be lower in the OPO noise condition than the private
office noise condition.

Physiological stress responses

In general, individuals feel stressed when demands exceed the resources they have to cope, in such
a way that their well-being or goals are threatened (Lazarus & Folkman, 1984). Noise creates add-
itional cognitive demands and requires the application of resources and compensatory effort to
maintain attention to one’s central task (Szalma & Hancock, 2011). Coping with the demands
of noise should increase arousal in the short term and deplete an employee’s store of job resources
over the longer term, leaving less available to sustain performance and threatening feelings of self-
efficacy. Social psychology work on ego depletion (Baumeister, Muraven, & Tice, 2000;
Baumeister, Vohs, & Tice, 2007) also suggests that having to exert self-control to maintain
focus on a task depletes self-control resources, leading to poorer performance and self-control
failures on subsequent tasks unless resources are replenished (e.g., by rest).

Over the longer term, noise exposure is associated with increased sickness and absence in employ-
ees (Chou, Lu, & Huang, 2016; Clausen, Kristiansen, Hansen, Pejtersen, & Burr, 2013; Kristiansen,
2010). We suggest that work environments that feature high levels of noise will also have near-term
effects on physiological stress responses. Doggett, Sander, Birt, Ottley, and Baumann (2021) found
that task conditions imposing higher verbal working memory load (as noise does) led to significant
increases in physiological arousal, as indicated across multiple measures such as heart rate, heart rate
variability (HRV), and electrodermal activity. In general, noise increases arousal in humans, for
example, changes in skin resistance, heart rate, HRV, blood pressure, metabolic rate, and muscle ten-
sion (Szalma & Hancock, 2011). Studies have shown that exposure to workplace noise results in
physiological consequences such as elevated cortisol (Kristiansen et al., 2009) and changes in
HRV and blood pressure (Chang, Jain, Wang, & Chan, 2003; Kristiansen et al., 2009).

Hypothesis 2: Physiological stress will be greater in the OPO noise condition than the private
office noise condition.

Affective responses

Well-being at work is often considered to contain both physical and psychological components.
Above, we suggested that noise would increase physiological indicators of stress. Here, we suggest
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that noise will also result in greater negative mood and emotion. Noise distractions that threaten
goal progress are likely to create negative emotions such as frustration (Lazarus, 1991). Noise has
been shown to have a detrimental effect on mood both directly as a response to the noise and the
need to exert additional effort (Acun & Yilmazer, 2018) and indirectly due to frustration asso-
ciated with reduced performance (Zohar, Tzischinski, & Epstein, 2003; see Puranik, Koopman,
& Vough, 2020 for a review). Studies on the aftereffects of exposure to noise have shown that
coping with unpredictable noise results in reduced frustration tolerance (see Cohen, 1980 for a
review). Lamb and Kwok (2016) utilized surveys over an 8-month period to assess the effects
of IEQ on perceptions of well-being in office settings, finding that noise annoyance was associated
with negative mood. Virtually all previous research on noise and affective outcomes has relied
upon self-reports of affect. We pioneer the use of an objective means of coding affective states
via facial expression recognition technology in addition to self-reported mood.

Hypothesis 3: Affective reactions will be more negative in the OPO noise condition than the pri-
vate office noise condition.

Method

Design, procedure, and treatment

Participants completed a cognitive performance (proof-reading) task under two conditions:
simulated OPO background high noise vs. simulated private office low noise. The order of the
two conditions was counter-balanced across participants, to avoid bias due to fatigue and training
effects. Participants were tested individually in the same room. In the high noise condition, a
combination of typical OPO sounds was played to the participants while they were engaged in
the proof-reading task. The soundscape included people speaking, walking, printing papers, ring-
ing telephones, and keyboard typing noises. The sound was presented via a Bluetooth JBL Flip 3
portable speaker that was mounted vertically on a stand above head height, that was placed in the
middle of the room approximately 210 cm away from the participant) to create a non-directional
sound effect. The average sound pressure level was 59.1 dB (A) (measured at the participants’
head location, via a Casella CEL-63X sound pressure meter and expressed as an equivalent
sound level). The choice of this sound level was based on literature demonstrating that typical
values for background noise in OPO range from 52 to 58 dB(A) (Delle Macchie et al., 2018).
In the low noise condition, the room was much quieter during performance of the proof-reading
task, with an average sound pressure level of 36.3 dB (A) (resulting from air-conditioning and
computer fan noise).

To obtain physiological measures of stress, a SHIMMER™ 3 GSR+ optical pulse oximeter was
placed on the participants’ right ear lobe to measure heart rate and two GSR electrodes were
placed over the arch of the participant’s right foot to measure skin conductivity. The foot was
chosen as recording location, since the participants needed to move their hands for the proof-
reading task. Each participant underwent both task conditions (high noise vs. low background
noise), each lasting 10 min in a counter-balanced order. The short task duration was chosen to
avoid pronounced fatigue effects, given the within-subject design. Eight minutes were allocated
to the proofreading task, and the remaining 2 min were allocated for the completion of the self-
report measure of positive and negative affect (NA).

Participants

G* Power (version 3.1.9.4) analysis was conducted beforehand to calculate the minimum sample
size required to ensure adequate power and reflect the probability of detecting significant differ-
ences. Estimations were conducted using t-tests for differences between two dependent means
(matched-pairs) with medium effect sizes of d = .5, and a statistical power of .80. The results
of the calculation indicated that a minimum sample size of 34 participants was required. To
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cater for potential data loss, 43 participants were recruited. Forty healthy subjects with an age
range of 17–44 years and a mean age of 22.65 years (SD = 6.15) participated in this study.
Participants consisted of 34 female and 6 male undergraduates and post-graduate students
recruited predominantly from a psychology subject pool. Those who were undergraduate students
participated in exchange for course credit points, no other incentives were provided. The min-
imum age for participants to take part in the study was 17 years old. The maximum age of 45
years old was implemented to avoid any cognitive decline related outlier effects (Peich,
Husain, & Bays, 2013). Due to the nature of the proof-reading task, participants were required
to have university-level English and normal vision and hearing (corrected if necessary). Due to
technical faults (i.e. poor signal quality), there are only 38 data sets for the two heartrate
measures.

Measures

Cognitive performance

To measure cognitive performance in an ecologically valid way, a proof-reading task was employed,
as such a task is similar to many clerical tasks performed by knowledge workers in offices. For this,
two different text excerpts (4,200 words each) from On the Origins of Species (Darwin, 1859) were
used. The text was chosen since it is copyright free, is unlikely to evoke emotions, and does not
contain many uncommon terms. Participants were instructed to highlight typographical errors
in the text using the computer mouse (spell-check was disabled). In total, 80 typographical errors
were introduced in each text, on average one error for every three lines of text. This large number of
errors was chosen to avoid a ceiling effect (i.e. at 100% performance level it would be impossible to
detect differences between conditions). The typographical errors always involved changing the pos-
ition of two non-initial letters. An example of an errors is: ‘recieved’ instead of ‘received.’ The
rationale behind this is that research has shown that that alterations in the middle of the word
are harder to notice (Perea, Panadero, Moret-Tatay, & Gómez, 2012; Schoonbaert & Grainger,
2004). The performance measure was the number of correctly identified errors.

Objective physiological measures of stress

It is well established that physiological measures of heart rate, HRV, and electro-dermal activity
are reliable physiological indicators of stress (Everly & Lating, 2013).

Heart rate measures

We utilized two separate measures of heart rate. Firstly, we captured the heart rate of the parti-
cipants, which is simply the number of beats of the heart per minute. The positive correlation
between heart rate, as a measure of physiological arousal, and stress is well established; the higher
the heart rate, the greater the impact of the stressor on the individual (e.g. Vrijkotte, van
Doornen, & de Geus, 2000). We also measured HRV, which is the change in the time intervals
between adjoining heart beats. Psychological stress is indicated by lower levels of HRV, i.e. less
variation between heartbeats (Kim, Cheon, Bai, Lee, & Koo, 2018). There are several ways to com-
pute HRV. One of the most common measures is root mean square of the successive differences
(RMSSD; measured in milliseconds), which is a reliable indicator of short-term, time-interval
HRV (Stapelberg, Neumann, Shum, McConnell, & Hamilton-Craig, 2018). For two participants
heart rate measure could not be reliably obtained, for this reason analysis of heart rate and HRV is
conducted on 38 participants.

Electrodermal activity

Electro-dermal activity (EDA), measured in microsiemens (μS), quantifies electrical skin con-
ductance from the sweat glands in the palms of the hand, soles of feet or fingertips.
Electro-dermal activity is an autonomic and involuntary bodily response whereby the individual
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sweats more in stressful situations, although this increased sweating may be imperceptible to the
human eye (typical skin conductance levels are within the range of 1–20 μS). The two compo-
nents of EDA are the skin conductance level, a slow changing (tonic) time interval measure of
skin conductance, and skin conductance response, which captures abrupt (phasic) increases or
peaks. The skin conductance level was measured by averaging the low-pass filtered (at 6 Hz to
remove phasic signals) signal. Skin conductance response was measured in the form of GSR
peaks per minute. Both measures are widely used indicators of physiological stress, with higher
levels being indicative of increased stress (Birenboim, Dijst, Scheepers, Poelman, & Helbich, 2019;
Reeves et al., 2019; Zhai & Barreto, 2006; Zhang, Lian, & Wu, 2017).

Measures of affect

Affect (mood and emotions) was measured both by self-report and objectively.

Self-reported positive and negative affect

In each of the two conditions, participants reported their mood immediately after the proofread-
ing task using the Positive and Negative Affect Schedule (PANAS) (Watson, Clark, & Tellegen,
1988). The PANAS is a widely used and psychometrically sound scale for measuring activating
positive and NA (Muaremi, Arnrich, & Tröster, 2013; Pabst, Brand, & Wolf, 2013). High positive
affect (PA) reflects the experience of happiness, enthusiasm, and alertness. High NA refers to
experiences of stress and displeasure, such that high NA is indicated by states such as nervous-
ness, hostility, and distress (Watson et al., 1988). The temporal instructions of the scales can
range from the ‘present moment’ to ‘during the past year.’ As the nature of the study focuses
on the participants’ current affect, the instructions of ‘present moment’ were used. Positive
and NA are each assessed with ratings of 10 affect terms on a 5-point scale.

Facial expression of emotion

The first empirically validated approach to classifying emotions based on facial expressions was
called the facial action coding system (Ekman, Friesen, & O’Sullivan, 1988; Lerner, Dahl, Hariri,
& Taylor, 2007). The emotions recognized by the facial action coding system were based on the
six universal facial expressions (Ekman et al., 1988). In the current study, facial expressions were
recorded by a high-definition webcam and analysed using iMotions (Version 8.1.1) AFFECTIVA
(Kulke, Feyerabend, & Schacht, 2020; McDuff, Karlson, Kapoor, Roseway, & Czerwinsk,i 2012).
The program includes a real-time analysis of facial features (such as eyebrow furrow and upper lip
movements), and an analysis based on the basic emotions of anger, fear, disgust, sadness, and joy
(Ekman et al., 1988; Mayo & Heilig, 2019). The software employs an algorithm which has ana-
lysed over seven million faces (Farnsworth, 2019), and has been used in previous stress research
(Harley, 2016; Mayo & Heilig, 2019). The detection threshold for emotions used by AFFECTIVA
was set to 25%, since previous studies have suggested optimal thresholds ranging from 20% to
50% (Calvo, Avero, Fernández-Martín, & Recio, 2016; Goren & Wilson, 2006). To limit the number
of multiple statistical comparisons, only anger and disgust were selected for analysis in the current
study. Anger was chosen since prior literature has linked noise distractors with increased feelings of
annoyance (Guski, 1999). Disgust was chosen, since norm-violating behaviour by others (in the cur-
rent study the generation of unwanted noise) can elicit so-called socio-moral disgust (Dubreuil,
2010), which shares facial characteristics with core disgust (which is elicited by gustatory distaste
or the observation of contaminants [Vicario, Rafal, Martino, & Avenanti, 2017]). There was no rea-
son to expect that noise would affect fear, joy, or the low-arousal negative emotion of sadness.

Results

Data were analysed by paired-sample t-tests on each dependent variable with a MANOVA for the
potentially correlated physiological indicators. The current study has nine dependent measures in
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total: cognitive performance (errors detected on the proof-reading task), skin conductance
response, skin conductance level, heart rate, HRV (RMSSD), facial emotions (anger and disgust),
self-reported affect (positive and negative mood).

Cognitive performance

We used a paired t-test to compare the two conditions (high noise vs low noise) for differences in
cognitive performance levels as measured by the proofreading task. There was no statistically signifi-
cant difference (t(39) = 1.09, p = .283) in the average number of errors detected in the experimental
condition (M = 11.00, STD = 4.99) compared to the control condition (M = 10.33, STD = 4.73).

Objective physiological measures of stress

To assess the overall impact of noise on electrophysiological indicators of stress, we conducted a
MANOVA comparing the two conditions across all four dependent measures. The analysis was
statistically significant (F(4,34) = 4.660, p = .004). However, subsequent univariate tests showed
that only phasic skin conductance response and heart rate were significantly different. Below
we individually review the outcomes of each of the four physiological measures.

Electrodermal activity

We assessed the data for difference in tonic and phasic skin conductance across the two condi-
tions. Phasic skin conductance response was significantly higher (t(39) = 2.08,p = .044) in the
OPO noise condition (M = 3.06, STD = 2.69) than in the low noise condition (M = 2.47, STD
= 2.47). For tonic skin conductance level, there was no significance effect of the noise condition
(t(30) = 1.78, p = .083), though the mean trended higher in the high noise condition (M = 11.91,
STD = 10.65) than the low noise condition (M = 10.52, STD = 10.54).

Heart rate measures

Comparing the two conditions for differences in heart rate, we found that heart rate was higher in
the high noise condition (t(37) = 2.61, p = .013) (M = 76.83, STD = 13.46) than in the low noise
condition (M = 75.49, STD = 12.69). For HRV (RMSSD) we did not find a significant effect
(t(37) = .188, p = .852) (high noise M = 50.36, STD = 30.03; low noise M = 51.00, STD = 33.00.

Measures of affect

Self-reported positive and negative affect

We used two paired t-tests to compare the noise conditions for differences in positive and NA.
PA was significantly lower in the high noise condition (t(39) = 3.26, p = .002) (M = 17.3; STD =
6.27) relative to the low noise condition (M = 20.3, STD = 6.82). NA was significantly higher
(t(39) = 3.59, p = .001) in the high noise condition (M = 16.05; STD = 4.87) relative to the low
noise condition (M = 12.85, STD = 3.59).

Facial expression of emotion

We used two paired t-tests to compare the two conditions for differences in the per cent of time
in which the facial expression of anger and disgust were present. We detected significantly (t(39)
= 2.24, p = .031) more disgust expressions in the high noise (M = .17%, STD = .27) than in the low
noise condition (M = .08%, STD = .16). It should be noted that, given the 8-min duration of the
proof-reading task, this translates to an average duration of disgust expression of ∼1 s in the high
noise condition, which is not present in the silent condition. So, despite the statistical significance
the effect is very subtle. Conducting the same contrast for facial expression of anger, we detected
no significant effect (t(39) = .989, p = .329).
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In summary, five out of nine dependent variables indicated greater stress/lower mood in the
OPO noise condition than in the private office noise condition, and another measure trended in
the expected direction. The strongest effects were for self-reported mood.

Discussion

The coronavirus pandemic has brought the work environment into sharp focus, and it is critical
that organizations are sensitive to the ways in which the physical work environment may impact
employee well-being and performance. Although most unwelcome in itself, COVID-2019 has
presented opportunities to rethink what may have been less than healthy workplaces. While
noise is the most commonly cited complaint from employees working in OPO environments,
the review by Colenberg et al. (2021) highlighted a significant gap in previous research on
noise in office environments. Only four studies included specific parameters of noise
(Colenberg et al., 2021. In addition, most studies investigating the effects of workplace of noise
focus just on self-reports of noise annoyance and/or performance measures (e.g., Acun and
Yilmazer, 2018; Haapakangas et al., 2014; Hodzic, Kubicek, Uhlig, and Korunka, 2021; Lee
and Aletta, 2019). While there were also prior studies that reported physiological impacts of
noise (Lee, Nelson, Flynn, & Jackman, 2020; Wellens & Smith, 2006), they are still limited in
the range of measures employed. By using simulated office environment with objectively manipu-
lated noise levels and a wide range of objective and subjective dependent variables, our study
addresses a gap in the literature. The comparison of multiple outputs measures provides not
only a high level of internal validity, but it also provides important methodological insights
into the relative efficiency of these measures to capture the impacts of noise.

Our results demonstrated that exposure to OPO noise significantly affected a number of the
physiological and psychological variables as expected. Hypothesis 1, that cognitive performance
would be compromised by OPO noise, was not supported. Hypothesis 2, that physiological mea-
sures would show that participants experienced greater stress under OPO noise than quiet work-
ing conditions was supported by significant effects for two measures, and trends in the
hypothesized direction on the other two. Hypothesis 3, that affect would be more negative
under OPO noise, was supported by both self-report mood measures and one of the two facial
recognition measures of emotion.

These results are fairly convincing given that the work period in the study was only 8 min in
each condition. In actual work settings, workers in OPO are exposed to noise continuously during
the day (Flamme et al., 2012) and we would expect that effects on stress and affect would be
greater. The short duration may also explain the non-significant results for cognitive perform-
ance. Participants may have exerted compensatory effort to sustain their performance over the
short term. Given the significant results on both self-reported mood and stress, it is likely that
the increased cognitive load of maintaining focus under distraction would deplete resources
and damage performance following longer exposure.

Theoretical contribution

Our empirical work offers four main contributions to research on the physical work environment.
Firstly, we demonstrate a significant causal relationship between exposure to noise typical in OPO
vs private offices and physiological stress using objective measures in experimentally controlled
conditions. Although OPO rarely present an immediate physical danger in terms of sound levels
that could damage hearing, and the short-term physiological effects are subtle, these effects may
intensify with unrelenting exposure to noise from the start to the end of the workday. Chronically
elevated levels of physiological stress are known to be detrimental to mental and physical health
(for an overview see Ganster & Rosen, 2013). Exposure to noise may also act additively or inter-
actively with other environmental stressors common in the modern OPO, such as visual
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distraction as other employees move about, and interruptions from nearby colleagues or technol-
ogy (Brennan, Jasdeep, & Kline, 2002).

Secondly, we demonstrate that OPO noise results in less positive mood and greater negative
mood compared to a quiet environment. To our knowledge, prior research has not investigated
the effects of OPO noise on mood in an experimental setting (Colenberg et al., 2021). The
self-report measure of mood was responsive to even a short exposure to noise while working.

Third, we explored the use of facial recognition measures of emotion, and captured modest
noise effects on disgust, potentially caused by the office noise being perceived as norm-violating
behaviour by others (Dubreuil, 2010; Vicario et al., 2017). It is possible that participants
supressed facial displays in the brief experiment while concentrating on their task, but we
might expect displays of negative emotions to emerge as self-control resources are depleted fol-
lowing longer exposure to noise and the increase in compensatory effort required. More extensive
use of facial recognition of emotions will add to and/or support the credibility of self-report mea-
sures as indicators of the well-being effects of physical work environment conditions. We recom-
mend the use of a range of objective measures of performance and stress as well as emotion to
supplement the self-report measures habitually used in management research.

Fourth, and most importantly, our study has highlighted the importance of using a multi-
modal approach in assessing the psychological impact of workplace stressors. The sole reliance
on a task performance measure would have suggested that the office noise had no detrimental
effect, whereas the affective self-report and physiological measures provided clear evidence for
increased stress in the noise condition. Further, the objective physiological effects of noise com-
plement the self-report mood effects and help to demonstrate that employees are not merely com-
plaining but actually being affected by the auditory environment.

Effects of noise on workplace performance and mood

Moving beyond our empirical findings, we suggest a potential mechanism by which noise affects
employee behaviour. While the effects of noise on physiological stress are fairly immediate and
more clearly established (Ising & Kruppa, 2004), the relationship between workplace noise and affect
has been largely ignored by scholars. OPO noise and other forms of workplace distractions or inter-
ruptions may constitute real-time affective events (Weiss & Cropanzano, 1996). Negative mood may
lead to short-term ‘affect driven behaviors’ such as counter-productive work behaviour or incivility
while the affect is being experienced, especiallywhen self-control resources have beendepleted by pro-
longed exposure to distraction (Baumeister, 2003; Herman, Critchley, & Duka, 2018). Cumulatively
over time, the frequent experience of NA (and lowered PA) would be expected to influence attitudes
such as job satisfaction and organizational commitment, and subsequently ‘judgement driven beha-
viors’ such as employee turnover (Ekhsan, 2019). Further researchwill be needed to assess the effect of
work environments over longer spans of time onmore distal measures such as these. Finally, itmay be
the case that noise predicts performance indirectly throughmood, howeverwe did not test that here as
our rationale for performance effects was cognitive (limited attention, distraction), not affective.

Practical implications

As organizations scramble to adapt to the wide-ranging changes to the location of work as a result
of COVID-19, they have the opportunity to reconsider the design of work spaces. The human
resource function in organizations will play an important role in this new landscape to optimize
outcomes for both employers and employees. It seems likely that greater work from home and
less time in large, crowded offices will be features of the future for some time (Baumann &
Sander, 2021). There is the opportunity to rethink the different functions of the office within
this context to enhance the quality of the physical work environment to benefit human well-being
and desired organizational outcomes.
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The role of human resource practices in stimulating mutual gains in HRM has been the subject
of increasing attention by scholars in recent years as the relationships between a healthy work-
place, collective well-being, and organizational performance have become more clearly under-
stood (see Ho & Kuvaas, 2020; Huettermann & Bruch, 2019 for examples). However, existing
empirical studies in HRM and mutual gains provide ambiguous evidence and call for further
research to investigate how (i.e., through what mechanisms) and when (i.e., depending on
what contingencies) HR management may positively relate to employee well-being (Van De
Voorde, Paauwe, & Van Veldhoven, 2012) and favourable organizational outcomes. Our study
adds to the understanding of the ways in which the physical work environment affects employee
well-being and suggests that HR practices around the physical work environment may help pro-
duce mutual gains. While this paper focused on the effects of noise on individuals, more substan-
tial interventions in the design of human-friendly physical workspaces would also require
effective employee consultation, communication, and change management (Sander, Caza, &
Jordan, 2019).

Research investigating the effects of OPO environments on employee physiological and affect-
ive reactions is essential to better understand the conditions under which negative outcomes arise.
Although our research suggests that both physiological stress and affect are negatively affected by
noise, it is neither practical nor realistic to imagine a scenario in which organizations abandon all
OPO. However, this study highlights the importance of understanding employee needs and pre-
ferences as well as task requirements in designing such workspaces. Organizations may wish to
reconsider the extent to which open plan settings are deployed, as well as the use of acoustic treat-
ments, sound masking technologies, reduced density and increased use of walls or partitions (Lee
et al., 2020). Social interventions to limit extraneous noise, interruptions, and technological
distractions may also be helpful.

If some or many employees continue work from home some of the time, it may be possible to
reduce density in existing OPOs, thus reducing both visual and auditory distraction. We are all
now used to instructions to socially distance and seeing COVID barriers between service provi-
ders and clients. This suggests that reducing density and raising the height of walls between
co-worker cubicles might be wise to reduce transmission of airborne illnesses, with the additional
benefit of providing more employee privacy and less visual distraction. If supported by sufficient
research, the joint effects of risk of infection in dense OPOs together with increasing understand-
ing of the psychological effects of noise and other distractions may tip the balance back toward
private or semi-private offices for more employees.

The HRM mutual gains perspective can assist organizations to optimize their work environ-
ments by better understanding the requirements and challenges of the physical work environ-
ment for employees. While alterations to address noise in OPOs such as the installation of
acoustic treatments such as wall and ceiling panels, increased partitions and sound masking,
can be costly, the imperative for doing so is significant. Improvements to IEQ have been estimated
to increase productivity by 5% (Fisk & Rosenfeld, 1997), and the direct cost of poor IEQ to prod-
uctivity, exclusive of illness, has been estimated at between $20 and $160 billion dollars annually
in the US alone (Fisk, 2000). As part of a larger concern with occupational health, HR specialists
should monitor physical and psychological stressors linked to the physical work environment. HR
practitioners can contribute to mutual gains for employees and employers in several ways. Firstly,
they can catalyse modifications to the physical work environment through such measures as
acoustic treatment, work area redesign, or social interventions to better suit individual and
team needs and task requirements. As our study has highlighted a causal effect of noise on
physiological stress and affect, objective assessment of post-occupancy noise levels is an import-
ant step in identifying levels of risk of noise annoyance to employees. Installation of additional
partitions, as well as acoustic wall and ceiling treatments may be necessary to reduce the effects
of noise in OPOs for employees. Secondly, as both employees and the work they undertake
change continuously, awareness of the effects of the physical work environment on employee
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well-being and performance allows HRM to manage the implementation and utilization of flex-
ible work arrangements in a more responsive manner. For example, if employees have the choice
to work in different locations such as their home, the effects of noise may be reduced as a result of
reduced exposure during the working week. By understanding the impact that background noise
in offices has on stress and mood, HR practitioners are better placed to design and modify work-
places to minimize these effects and support both employee well-being and organizational
performance.

Limitations and future direction

Open plan office environments are a complex stimulus. In addition to noise levels, they vary in
features such as density, temperature and air flow, presence or absence of partitions between
workstations, greenery, soft furnishings, natural light, and extent of movement by other occu-
pants (Davis, Leach & Clegg, 2011; Elsbach & Pratt, 2007; Kim & de Dear, 2013). Some features
provide additional layers of distractions or stressors for occupants while others help to remediate
distractions. However, exploring a large number of features and their interactions in a single study
with experimental methods and objective measures is near impossible. Instead, we focused on the
lack of thorough understanding of the effects of noise alone, after which further research can
explore the layering of other harmful or supportive features in open plan offices. In terms of
interventions, it is likely that some efforts to reduce noise (e.g. by reducing density and adding
partitions) would also reduce other common problems such as visual and social distractions.

Although our study found significant negative effects of noise on both mood and stress, there
are limitations that could be addressed in future research. Firstly, the most significant limitation is
the short period of noise exposure. This may account for the non-significant results on the cog-
nitive performance task. It seems likely that performance would be more likely to decline under
prolonged noise exposure. Continuing to focus on a task under distraction requires compensatory
effort, indicated here by physiological changes, and eventually may deplete self-control resources
(Baumeister et al., 2007). The modest results for facial emotion recognition probably also suffered
from the short duration of the work periods. Perhaps when used over a longer period of time,
clearer and more sensitive aggregates of emotional expressions can be developed. A second limi-
tation is the use of a single task and cognitive performance measure, while distraction effects may
differ depending on the demands of the task, e.g. extent to which working memory is required or
familiarity with the task (new vs well-learned activity). Our study could be replicated in different
age groups as working memory performance and capability for switching attentional focus
reduces as age increases (Verhaeghen & Basak, 2005).

Although the study has limitations, its strengths should not be overlooked. Automated facial
expression analysis is a relatively novel instrument in research, however it has promise as a means
of objectively assessing emotions in research settings (Das & Yamada, 2013; Jack, Sun, Delis,
Garrod, & Schyns, 2016). The use of an experimental design rather than a field correlational
study is a strength in allowing a causal relationship to be established between noise and well-being
indicators (Christensen, Johnson, Turner, & Pearson, 2014). This strength was also reinforced by
using a repeated measures design in which the same participants experienced both noise condi-
tions as it bears the advantage of reducing variability and increasing statistical power (Verma,
2015). Lastly, the use of multiple approaches to measuring outcomes of noise exposure (perform-
ance, physiological indicators of stress, objective coding of facial emotions, and self-report mood)
provides a more comprehensive assessment of effects. However, we found that not all measures
were equally sensitive to short exposures to noise.

Additional research is needed on the effects of the physical work environment on different
types of work tasks. For example, very simple jobs may benefit from some environmental stimu-
lation to counter boredom and mind-wandering (Fisher, 1993), whereas those requiring concen-
tration may be increasingly compromised as environmental distractions increase. The effects of
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interruptions can be neutral or even positive dependent on a number of factors including whether
the interruption was welcome, timely, or relevant to an existing task (Feldman & Greenway, 2020).
Our findings could be extended by undertaking longer laboratory studies using tasks with differing
levels and types of cognitive demands. We used a cognitive performance task requiring careful
attention to detail, but it would be interesting to see how noise and other office distractions influence
different tasks such as those requiring creativity. One study found that a moderate level of ambient
noise enhanced performance on creative tasks compared to a low-level ambient noise (Mehta, Zhu,
& Cheema, 2012). Future research could also investigate whether the effects of noise on some
dependent variables is mediated by other factors treated as dependent variables in our study, for
instance, whether mood is a by-product or a cause of physiological changes.

Individual differences may also condition the extent to which environmental distractors are
harmful to well-being and performance. For example, research has shown that individuals vary
in their sensitivity to noise (Jik Lee & Griffin, 2013) and reactions to OPO (Maher & Von
Hippel, 2005; Sander et al., 2019). In addition, personality has been demonstrated to have differ-
ential impact on self-rated distraction, job satisfaction and job performance in different office
types (Seddigh, Berntson, Platts, & Westerlund, 2016).

We simulated the acoustical environment of an OPO in the lab. Further laboratory investigations
of simulated office environments could be useful in a number of ways. First, as demonstrated here,
standard measures of performance, sophisticated physiological measures of stress, and objective
measures of emotional experience are possible in the lab but probably not in real offices. The labora-
tory also offers the opportunity to isolate and explore specific aspects of physical work environment
distractions. In the case of noise, further research might manipulate noise volume, variability, speech
intelligibility, and number of speakers as well as simulate the application of alternative acoustical
treatments. This would be a low-cost way to gather information which can be used in designing
workplace environments to support both performance and employee well-being.

Further, laboratory research can be used to investigate the additive and interactive effects of
different kinds of workplace demands in the form of auditory distraction in combination with
types and frequency of visual distraction (e.g., people moving about), and interruptions by
humans and/or technology. Different forms of distraction may all deplete the same limited
store of resources and collectively account for the negative effects seen in many OPO.
Mitigation strategies can also be tested in the lab prior to installation in actual offices. For
instance, low or no walls between workstations are a feature of many OPO. Higher partitions
should reduce visual distractions and may also reduce acoustical distraction. The effects of social
interventions such as e-mail free hours and quiet times could also be explored.

Outside of laboratory settings, HR managers may wish to engage in field experiments with
density and/or partition height as employees return to work following COVID restrictions.
Dependent variables would likely be limited to self-report mood/fatigue/satisfaction measures,
though it may be possible to capture some performance measures as well depending on the work-
place (e.g., claims processed per day captured electronically). This field work would allow for
longer exposure periods to be tested and be a good complement to laboratory research with
physiological measures and in which more levels/intensities of various physical environment
attributes are independently manipulated.
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